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Aim: Copper-61 has attracted wide attention from both physicists and
radiochemists in recent years due to its favorable physical decay prop-
erties (3.33 h half-life, 61.5% B+, Emax 1.22 MeV) and ease of pro-
duction for PET imaging, as well as potential for radionuclide therapy
with its therapeutic counterpart radionuclide copper-67 [1]. Herein,
we performed a comparison of the stability, in vitro uptake, in vivo
pharmacokinetic and imaging characteristics of the [°'Cu]Cu-labeled
DOTA-TATE and NOTA-TATE compared with the clinical standard [%3Ga]
Ga-DOTA-TATE in a preclinical model of a neuroendocrine tumor (NET).
Materials and methods: Copper-61 was produced via natural zinc lig-
uid target irradiation using an IBA Cyclone 18/9 cyclotron, followed by
post-processing [2,3]. The DOTA-TATE and NOTA-TATE conjugated pep-
tides were labeled with copper-61, and the radiopharmaceuticals sta-
bility was assessed up to 6 h after EOS in both final formulation (15%
EtOH/NaCl) and mice serum. In vitro evaluation of the cell uptake of
the radiolabeled peptides was performed in pancreatic tumoral cell
line AR42J to prove the specificity of the peptides towards the SST
receptors (SSTr). Control and primary tumor-bearing mice were i.v.
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injected with the radiolabeled peptides and imaged in a micro-PET/
MRI.

Results: The radiolabeling process of [*'Cu]Cu-DOTA-TATE and [¢'Cu]
Cu-NOTA-TATE resulted in high molar activity (18.5-37 GBg/umol) and
high radiochemical purity over 95%. Both gallium-68 and copper-61
labeled peptides exhibited increasing cellular uptake with time in
AR42J cells that overexpress SSTr. Both [¢'Cu]Cu-NOTA-TATE and [¢'Cu]
Cu-DOTA-TATE accumulated in AR42J tumors but to different extents.
[6'Cu]Cu-DOTA-TATE show high uptake in non-targeted organs, such
as the liver and gastrointestinal tract. Whereas [®'Cu]Cu-NOTA-TATE
showed fast, primarily renal, clearance and low uptake in non-targeted
organs at 1 h p.i. Tumor detectability was visually improved at 4 h p.i.
for [6'Cu]Cu-NOTA-TATE, at this time point all the activity has cleared
with only significant uptake in the tumor. Ex vivo biodistribution data
confirmed the PET/MRI images, [*'CulCu-NOTA-TATE have recorded
the highest tumor uptake seen at 4 h p.i. (12.81£0.99%ID/g, n=3).
Conclusion: [*'Cu]Cu-NOTA-TATE had significant better biodistribution
profile and imaging properties than [¢'Cu]Cu-DOTA-TATE and showed
similar biodistribution and pharmacokinetics to [*®Ga]Ga-DOTA-TATE
at 1 h p.i, while showing enhanced imaging characteristics for late
time point imaging. [®'Cu]Cu-NOTA-TATE showed to have promising
characteristic to be translated to human clinical trials.
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Aim: Radionuclide imaging using radiolabelled inhibitors of prostate-
specific membrane antigen (PSMA) can be used for staging of prostate
cancer. We have designed a molecule BQ0413, which contains Glu-
urea-Lys binding moiety, optimized linker structure including 2-napth-
thyl-L-alanine and L-tyrosine [1], and mercaptoacetyl-triglutamate
chelator for labelling with Tc-99m. The purpose of this study was to
evaluate the imaging properties of [**™c]Tc-BQ0413.

Materials and methods: Synthetically produced pseudo-peptide
BQO0413 was labeled with technetium-99m. PSMA-transfected PC3-
pip cells were used to evaluate [*™Tc]Tc-BQ0413 target specificity
and affinity. A whole body planar scintigraphy and SPECT/CT imaging
were performed 2, 4, and 6 h after injection of 50 ug (680 & 140 MBq)
of [®™Tc]Tc-BQO413 in five patients with prostate cancer. Trial registra-
tion: ClinicalTrials.gov: NCT05839990

Results: [®™c]Tc-BQ0413 bound specifically to PSMA-expressing
cells with affinity 33+15 pM. In tumor-bearing mice, the tumor
uptake of [*™cITc-BQ0413 (38£6%IA/g in PC3-pip 3 h after injec-
tion of 40 pmol) was dependent on PSMA expression (0.9 4+0.3%IA/g
in PSMA-negative SKOV-3 tumors). The co-injection of 5 nmol of unla-
beled BQ0413 enabled blocking of [*™Tc]Tc-BQ0413 uptake in nor-
mal PSMA-expressing tissues without blocking the uptake in tumors
that resulted in an appreciable increase in the tumor-to-organ ratios.
In patients all injections of [®°™Tc]Tc-BQ0413 were well tolerated, no
adverse events were registered. The stable physiological uptake of
[®*™Tc]Tc-BQ0413 was observed in the lacrimal glands, salivary glands
(2 h pi SUVmean 16 £ 8), liver (13 £ 2), spleen (12 £5), kidneys (21 +6),
the elimination was predominantly renal. Activity uptake in clinicaly
relevant organs (bones and muscles) was low and decreased with
time (SUVmean < 1). An average effective dose was 0.007 +0.001 mSv/
MBg. With the given activity, the radionuclide-associated dose bur-
den per patient is 4-7 mSv/study. Uptake of [*™c]Tc-BQ0413 in pri-
mary tumors was identified in 5/5 patients (2 h pi SUVmean 3.4+1.4
[1.15-4.82]). Uptake in LN metastases was detected in four patients
(SUVmean 6+4 [1.72-10.19]), in bone metastases—in 2 patients
(14+£16 [2,39-25,11]). Physiological uptake and uptake in cancer
lesions did not changed with time significantly.

Conclusion: [**™Tc]Tc-BQ0413 demonstrated specific binding to PSMA
with binding affinity in low picomolar range. The intermediate results
of the Phase | study show that injections of ®*™Tc]Tc-BQO413 are well-
tolerated, safe and associated with low absorbed doses. Imaging using
[®°™Tc]Tc-BQO413 enables visualization of primary prostate cancer
lesions, as well as LN and bone metastases.
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Aim: The gold bisdithiolate complex, nBu,N[Au(cdc),] (1), showed
potential as a cytotoxic agent against ovarian cancer (OC) cells, dem-
onstrating significantly less cross-resistance when compared with
cisplatin[1]. However, its limited water solubility poses a challenge for
clinical applications. To overcome this, a strategy involving the encap-
sulation of 1 in polymeric micelles (PMs) has been developed, increas-
ing solubility and half-life blood circulation[2]. Moreover, to enhance
specificity, the outer shell of the micelles can be functionalized with
targeting ligands. Furthermore, radionuclides can be incorporated
either in the outer shell or in the core of the micelles, forimage-guided
drug delivery. The most widely used technique involves the chemical
modification of the micelles’ shell with chelating agents (e.g.,DOTA,
DTPA), conferring high stability[3]. However, this modification may
impact the biodistribution and pharmacokinetics of the PMs. There-
fore, a new strategy has been developed, in which the radionuclide
is entrapped in the micellar core by forming a complex with a hydro-
phobic substance (e.g.,8-hydroxyquinoline), enabling in vivo imaging
without altering the chemical structure of the nanoparticle[4]. Thus,
we have designed PMs functionalized with folic acid (FA) carrying 1
and the ['""In]In/[%’Ga]Ga-oxine complex, for OC theranostics (Fig. 1).
Materials and methods: PMs with and without FA were synthesized
by the thin-film hydration method, characterized by DLS/HPLC/UV-
Vis and the release of [Au(cdc),]” was evaluated. MTT assays were
performed to evaluate the cytotoxicity of the PMs in different OC cell
lines, both sensitive (A2780, OVCAR3) and resistant (A2780CisR) to
cisplatin. The micelles were labeled with ['"'In]In/[*’Ga]Ga-oxine and
their stability was evaluated. Biodistribution studies in normal mice
were conducted.

Results: The PMs were obtained with suitable hydrodynamic diameter
(<200 nm) and high loading contents. Release studies demonstrated
a controlled release of [Au(cdc),]” over time. Cytotoxicity studies
revealed significant antiproliferative effects of the PMs towards OC
cells, comparable to the free [Au(cdc),]”. The ['""In]in/[*’Ga]-oxine
complexes were obtained with high radiolabeling yield (~80%) and
radiochemical purity (RCP>99%). Both functionalized and non-func-
tionalized radiolabeled PMs were obtained with high yield (>90%) and
stability, retaining above 80% of ['"'In]in/[¥’Ga]Ga-oxine up to 72h in
PBS and in cell culture medium. Biodistribution studies indicated slow
blood clearance and prolonged circulation half-life in vivo. Cellular
uptake studies with the radiolabeled micelles are underway.
Conclusion: Au(cdc),-containing PMs, with and without FA, were
successfully synthesized and labeled with '''In/%’Ga. Their significant
cytotoxicity towards OC cells, suitable in vitro stability and promising
in vivo behavior prompt them to be further explored for theranostic
applications.
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Fig. 1 A schematic representation of the proposed targeted poly-
meric micelles for image-guided drug delivery.
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Aim: Nuclear DNA is the canonical target for biological damage
induced by Auger electrons (AE) but other subcellular components
might be also relevant for this purpose, such as the energized mito-
chondria of tumor cells, as we have proposed recently [1,2]. Having this
in mind, we have designed dual-targeted radioconjugates carrying a
PSMA inhibitor and a triphenyl phosphonium (TPP) group to promote
a selective uptake by prostate cancer (PCa) cells and their accumulation
in the mitochondria. For this purpose, we have considered the '''In and
161Tb-radionuclides aiming to compare the radiobiological effect of an
AE emitter and a mixed AE and beta emitter, respectively.

Materials and methods: Novel DOTA-based chelators functional-
ized with PSMA-617 and TPP derivatives were synthesized and used
to obtain the respective ""'In and '®'Tb-labeled complexes. The bio-
logical evaluation of the resulting radioconjugates compriese cellular
uptake and internalization and PSMA-blocking studies in cell lines
expressing different levels of PSMA, subcellular localization experi-
ments, assessment of radiobiological effects in the same cell lines, as
well as microSPECT imaging studies in PSMA-positive PCa xenografts.
Results: The dual targeted '"'In/'®'Tb-labeled complexes displayed
high cellular uptake and internalization in PSMA-positive PC3 PIP cells.
Blocking studies confirmed the specificity of PSMA targeting. The dual-
targeted complexes compromised cell survival in a dose-dependent
manner, and in some cases to a higher extent than observed for the
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single targeted M-PSMA (M="""In, '*'Tb) congeners. MicroSPECT
imaging studies with the "In-labeled complexes have shown that the
TPP pharmacophore did not interfere with the excellent in vivo tumor
uptake of a “golden standard” PSMA-617 derivative although leading
to a higher kidney retention.

Conclusion: Dual-targeted '''In/'¢'Tb-labeled complexes, combining
the PSMA-617 and TTP moieties, showed a high and specific internali-
zation in PSMA +PCa cells, a significant radiotoxicity in the same cell
lines, and a specific and significant tumor uptake in PCa xenografts,
emerging as promising tools for Auger therapy of cancer.
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Aim: The recent interest in mercury radioisotopes, ' ™Hg (t1/2=23.8
h) and "¥79Hg (t1/2=64.14 h), has been sparked by the dual diagnostic
and therapeutic nature of their decays. These isotopes emit y-rays suit-
able for SPECT imaging and Auger electrons which can be exploited for
treating metastatic tumors [1]. However, the clinical utilization of '™
9Hg as a theranostic agent is hindered by the lack of chelating agents
capable of securely binding them to tumor-seeking vectors. This con-
tribution aims to address this challenge by investigating chemically
tailored macrocyclic platforms with sulfur-containing side arms [2,3,4].
Materials and methods: To tackle the challenge, we conducted a
comprehensive study encompassing aqueous coordination chemistry
investigations through potentiometry, NMR spectroscopy, and DFT cal-
culations, concentration- and temperature-dependent radiolabeling
with cyclotron-produced ['"™9Hg]Hg?*, and in vitro stability assays.
Results: Our research reveals the crucial role of sulfur atoms in coor-
dinating Hg?*, emphasizing the profound influence of subtle modifi-
cations to the pendant arms or polyazamacrocyclic backbone. Among
the investigated ligands, chelators based on the cyclen ring exhib-
ited characteristics suitable for nuclear medicine applications. These
chelators afforded eightfold coordinated complexes with the high-
est thermodynamic stability (logK>32) and displayed the ability to
quantitatively incorporate ['*’™9Hg]Hg?* in mild reaction conditions
(radiochemical yield >99%, 50°C). Moreover, the complexes remained
stable in human serum.

Conclusion: Through the identification of viable chelators and the elu-
cidation of the impact of specific structural modifications, our research
significantly contributes to addressing the scarcity of suitable chelat-
ing agents for '’™9Hg. These findings hold immense promise for the
potential in vivo application of mercury as a theranostic Auger-emitter
radiometal when securely bound to tumor-seeking vectors.
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Fig. 1 The anticancer drug candidate BOLD-100 and its radiolabeled
versions.
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Aim: The first-in-class ruthenium-based chemotherapeutic agent
BOLD-100 (Fig. 1) is currently the subject of clinical evaluation for the
treatment of gastric, pancreatic, colorectal and bile duct cancer.[1,2]
To study the mode of action and the pharmacokinetics of BOLD-100
as well as to enable a stratification of patients by nuclear imaging, a
radiolabeled version of the compound could present a helpful diag-
nostic tool. We report herein a multi-center effort for radionuclide
production and the radiosynthesis, quality control and in vitro/in vivo
evaluation of isotopically labeled carrier added (c.a.) */'%Ru-labeled
BOLD-100.[3]

Materials and methods: The P~ /y-emitter ruthenium-103 was
produced via r‘atRu(n,\()“BRu and the y-emitter ruthenium-97 via
"atMo(a,xn)®’Ru nuclear reactions by irradiation of "™'Ru and "*Mo
foil, respectively. Starting from solutions of c.a. [97”03Ru]RuCI3, ca.
[°7/'93Ru]BOLD-100 was synthesized in three steps. Intermediates and
products were characterized by comparison with the non-radioactive
reference compound using HPLC and IR. The antiproliferative activities
of [°”/'%3Ru]BOLD-100 were determined in human colon carcinoma
(HCT116) and murine colon carcinoma (CT26) cell lines using the col-
orimetric MTT assay with an exposure time of 96 h. Biodistribution of
c.a. ['®Ru]BOLD-100 in direct comparison with the non-radioactive
drug BOLD-100 by ICP-MS were performed at two different doses (3
and 30 mg/kg, 0.76-3.80 MBg/mag; tail vein injection) in female Balb/c
mice bearing CT26 allografts over 72 h.

Results: After multi-mg syntheses, c.a. “’Ru- and '%Ru-labeled BOLD-
100 were obtained in 13 and 39% chemical yield, 8 and 35% radio-
chemical yield,>99% radiochemical purity and at specific activities of
0.05 MBg/pmol and 2.1 MBg/umol, respectively. The cytotoxicity (ICs)
of ca. ['©Ru]BOLD-100 was unchanged in comparison to the non-
radioactive drug BOLD-100 in both cell lines (3-digit uM). The biodis-
tribution of c.a. ['®*Ru]BOLD-100 was also found identical with those of
BOLD-100, whereas injection of the lower dose resulted in a relatively
higher tumor uptake (13% ID/g) and improved tumor-to-background
imaging, in particular at later time points (e.g., tumor/muscle > 10).
Conclusion: °’Ru- and '*Ru-labeled BOLD-100 were successfully syn-
thesized. In comparison to the non-radioactive drug BOLD-100, c.a.
['93Ru]BOLD-100 showed identical characteristics in vitro and in vivo,
therefore demonstrating the high potential of the °’Ru-analogous
compound as a diagnostic tool for the stratification of patients for a
therapy with the drug BOLD-100 by SPECT imaging.
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Aim: In present work we propose an in-vivo 'Pd/'%MAg generator
for combined B- and Auger electron therapy. '%Pd decays by emitting
B — particles with a half-life of 13.7 h to '®™Ag (T1/2=39.6 s), which
emits cascade of conversion and Auger electrons. Thus, '®™Ag com-
bined with '%Pd creates the so-called in-vivo generator emitting more
conversion and Auger electrons than well-known '®'Tb [1], and it can
be easily produced by neutron irradiation of '%pPd.

Materials and methods: 'Pd was used for synthesis of 5 nm
pegylated Pd nanoparticles. In the second option '°Pd was immo-
bilized on Au nanoparticles, forming core-shell Au@['®Pd]Pd
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nanoparticles. These nanoparticles were further modified with tras-
tuzumab vector. The conjugate was characterized using TEM and DLS
methods. Additionally, binding, internalization, and cytotoxicity using
the MTS test were investigated.

Results: The HR-TEM images demonstrate a relatively uniform deposi-
tion of palladium atoms on the surface of AuNPs. Also in 5 nm nano-
particles most of the atoms are on the surface of the Pd nanoparticles.
The formation of a thin layer of '%Pd is crucial due to the extremely
limited range of Auger electrons emitted by the '°°Pd/'®™Ag in-vivo
generator. The results of retention experiments reveal that less than
10% of '9MAg is recoiled from the surface of AuNPs after the nuclear
decay of 'Pd. In vitro cell studies indicate specific binding of the
199pd-labeled trastuzumab bioconjugate to the Her2 receptor on
SKOV-3 cells, with 90% internalization. Confocal images illustrate the
accumulation of Au@['%Pd]Pd-trastuzumab in the perinuclear area
surrounding the cell nucleus. Despite the lack of nuclear localization,
which is necessary to achieve an effective cytotoxic effect of Auger
electrons, a substantial cytotoxic effect, significantly greater than that
of pure B- emitters, was observed. We hypothesize that the cytotoxic
effect of the Auger electrons could have also occurred through the
damage of the cell nuclear membrane by Auger electrons emitted
from nanoparticles accumulated in the perinuclear area.

In the case of 5 nm pegylated '°Pd-labeled nanoparticles, we
observed a much greater cytotoxic effect than in the case of '2°l immo-
bilized on 5 nm Pd nanoparticles (Auger electron emission) and "'l
immobilized (B — emission).

Conclusion: The obtained results show that pegylated %Pd-labeled
nanoparticles and trastuzumab-functionalized '°Pd-labeled nano-
particles can be suitable for the application in combined - Auger
electron targeted radionuclide therapy. The cytotoxic effect is much
greater than in similar systems with Auger electron emitters or
 —radiation emitters.
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Aim: Theranostic and personalized medicine have proven efficiency
by associating diagnosis and treatment to improve patients’ health-
care and provide early treatments. Theranostic in nuclear medicine
allows the elaboration of an adapted treatment for the patient using
dosimetry thanks to the same biodistribution of the diagnostic and
therapeutic radiopharmaceuticals. Nevertheless, the therapeutic radi-
opharmaceutical can be taken up in healthy tissue which can lead to
side effects and off-target toxicity.[1] To overcome this eventuality,
the combination of a diagnostic modality such as positron emission
tomography (PET) with photodynamic therapy (PDT) is a promising
alternative.[2,3] The therapeutic effect is triggered by light irradiation
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after the injection of a photosensitiser (PS) resulting in site-specific
cancer treatment and reduction of off-target toxicity. Herein, we pro-
pose to study a multimodal PET/PDT agent to diagnose prostate can-
cer and evaluate tumour uptake for efficiency in PDT (Fig. 1).
Materials and methods: A prostate specific membrane antigen
(PSMA) recognition pattern was coupled to an acyclic chelating agent
and a porphyrin as PS. This PET/PDT agent was labelled using gal-
lium-68. Stability of the radio-conjugate was evaluated in the formu-
lation solution and in 90% serum. Binding and uptake assays using
DU145-PSMA + cells were performed to determine the affinity of the
PET/PDT agent to PSMA.

Results: The PET/PDT agent has been synthetised successfully. The
impacts of multiple factors such as pH, buffer, temperature, and con-
centration of the ligand on the radiochemical conversion (RCC) have
been studied. Good stability in formulation solution (94% intact) and
serum (76% intact) over 2 h were observed (Fig. 2). DU145-PSMA + cell
uptake was observed after 1 h incubation. Specificity to PSMA was
confirmed using blockage study. These promising results allowed us to
perform further in vitro and in vivo studies.

Conclusion: A PET/PDT theranostic agent has been successfully syn-
thesised and labelled with gallium-68. The radio-conjugate showed
good stability over two hours in serum and promising binding affinity
to DU145-PSMA + cells. These promising results will be confirmed by
PET preclinical trials. The suitability of this agent for PDT will be evalu-
ated further with photophysical characterisation and in vitro/in vivo
evaluation.

Chelating agent

3,
GBGa 02

Prostate cancer
targeting

PET imaging

Fig. 1 PET/PDT agent composed of a chelating agent, a PS and a
PSMA recognition pattern.
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Fig. 2 %Ga-labelling studies of the PET/PDT agent. A. Impact of the
ligand concentration of the RCC. B. Impact of the temperature of radi-
olabelling on the RCC. C. Stability in formulation solution and in vitro
stability in 90% serum of [%®Ga]Ga-PET/PDT agent over 2 h.
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Aim: The mutated isocitrate dehydrogenase (mIDH1)—the most com-
mon alteration being the IDH1-R132H mutation—has become an
important biomarker in patients with glioma, chondrosarcoma, chol-
angiocarcinoma and acute myeloid leukemia. Currently, invasive tis-
sue sampling is required to detect mIDH1. The diagnosis, treatment
planning, stratification and follow-up of patients would be improved
by a noninvasive PET scan method for mIDH1. Until now, there is no
PET radiotracer clinically available to target mIDH, therefore, we aimed
at the development of a novel mIDH1 PET tracer. In this study, we
developed ['®F]F-SK60 and are currently evaluating its ability to image
mIDH1.

Materials and methods: A structural optimization study was per-
formed on GSK321, a potent mIDH1 inhibitor [1]. This systematic
investigation led to the development of SK60 which was radiofluori-
nated because of its high potency and selectivity towards the IDH1-
R132H mutation. To develop ['8F]F-SK60, various reaction parameters
were investigated, for instance: fluorination agents, solvent, tempera-
ture and molar ratios between precursor and copper complex. Inter-
nalization of ['8F]F-SK60 was determined in vitro using U251 human
glioblastoma cells stably transfected with IDH1 and mIDH1-R132H
mutation. The in vivo metabolic stability was investigated in female
CD-1 mice at 30 min post-injection (p.i) of ['®F]F-SK60. The ex vivo bio-
distribution at 5, 15, 30 and 60 min (n =3) and dynamic PET scan stud-
ies (60 min) were investigated in healthy female CD-1 mice.

Results: The structural optimization and medicinal chemistry on
GSK321 resulted in SK60 which has an ICg, of 14.5+3.3 nM and
374459 nM towards IDH1-R132H mutation and IDH1 respectively.
Compound ['8F]F-SK60 was successfully synthesized by copper-
mediated radiofluorination from the respective boronic pinacol ester.
In vivo studies conducted in healthy female CD-1 mice, exhibited the
excellent metabolic stability of ['8F]F-SK60, with parent fractions of
80% and 100% in plasma and brain at 30 min p.i,, respectively. The
ex vivo biodistribution studies and dynamic PET scan showed a low
brain uptake (0.6% ID/g 15 min p.i.) and hepato-biliary excretion of
['8F]F-SK60 in healthy mice.

Conclusions: Overall, a novel series of fluorinated IDH1-R132H muta-
tion inhibitors has been developed from this study. Consequently, ['8F]
F-SK60 was successfully developed and preclinically evaluated in vivo
in healthy mice. In general, our results promote the assessment and
further modification of ['®FIF-SK60 for better brain permeation to
enhance the non-invasive detection of glioma and other tumors asso-
ciated with IDH1-R132H mutation.
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Aim: DARPIns are small (14-18 kDa) robust scaffold proteins suitable
for radionuclide molecular imaging. We demonstrated in preclinical
experiments, that DARPin G3, which was labelled with [®™Tc]Tc(CO),
or directly radioiodinated, provides high-contrast specific imaging of
HER2-expressing xenografts in mice (1). The use of radioiodination
provided much lower accumulation of activity in liver and kidneys.
Phase | clinical study has shown that radionuclide imaging using
[99""I'c]Tc(CO)3—(HE)3—G3 is safe (2). The aim of this study was a Phase |
evaluation of ['2I]I-(HE),-G3.

Materials and methods: This was a prospective Phase | diagnostic
study (ClinicalTrials.gov Identifier: NCT05923177). The study was per-
formed in patients with untreated primary breast cancer. At the time
of the submission of this report, seven patients were recruited. DARPin
(HE);-G3 was labelled with 123) using Chloramine-T. The injected activ-
ity was 222 + 70 MBq. The mass of the injected protein was adjusted to
3 mg. No blocking of Na/l symporter was performed. Planar scintigra-
phy was performed 2, 4, 6, 24 and 48 h, after injection. SPECT/CT was
done at 2, 4, 6 h. Dosimetry was calculated using OLINDA/EXM 1.1.
Results: The isolated yield of ['?%I]I-(HE);-G3 was 90-93%, and the
radiochemical purity was 99-100%. No adverse events were registered
after injection of ['*3]I-(HE);-G3. The organs with the highest uptake
(over 3% of injected activity) were kidney, lungs, mammary glands,
stomach wall and liver. The highest absorbed doses were to thyroid,
adrenals, ovaries and kidneys (0.79+0.34, 0.17 +0.06, 0.11 +0.03, and
0.069 £ 0.007, respectively). The effective dose was 0.08 +0.02 mSv/
MBg. For comparison, the effective dose for [99mTc]Tc(CO)3—(HE)3—G3
was 0.011+0.004 mSv/MBqg. The uptake (SUVmax) in HER2-positive
lesions with high (3+) HER2 expression (primary and lymph node
metastases) was over 7.5, while for low expression tumors SUVmax
was below 3.3. Comparison with the clinical data for [99"‘Tc]Tc(CO)3—
(HE);-G3 (2) shows that the use of direct radioiodination reduces activ-
ity uptake in liver and kidneys, but the extent of such reduction was
smaller than in preclinical models.

Conclusion: Injections of [123I]I—(HE)3—G3 are safe. The use of [
I-(HE);-G3 may enable discrimination between breast cancer lesions
with high and low HER2 expression.

123|]
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Aim: Radiofluorination of single-domain antibodies (sdAbs) via N-suc-
cinimidyl-4-['®FIfluorobenzoate (['®FISFB) has shown to be a promis-
ing strategy for developing PET tracers. Although ['®F]SFB automation
has been reported, automating protein conjugation proves challeng-
ing. Herein we report the fully-automated, cartridge-based produc-
tion, on a single synthesis module of ['®F]FB-anti-human T-cell Ig and
ITIM domain receptor (hTIGIT) sdAb. TIGIT is an immune checkpoint
(ICP) which exhibits an unfavourable prognostic association with vari-
ous cancer types. Non-invasive techniques to quantify and monitor
TIGIT expression could facilitate patient stratification and play a role in
the development of next generation of ICP blockade therapeutics.
Materials and methods: ['®FIFB-hTIGIT sdAb was produced on an
AllinOne® synthesizer (Trasis). ['8FISFB was produced in a 3-step, 1-pot
reaction, purified via HLB cartridge and eluted with ethanol. Next,
the ethanolic ['8FISFB was incubated with the anti-hTIGIT sdAb (5,5
mg) for 30 min at room temperature in 0.1M CHES buffer pH=28,6-9.
The radiolabelled sdAb was purified using three disposable desalt-
ing Hitraps in series and collected in a final formulation of 5 mg/mL
Na-ascorbate in NaCl 0,9%. Radiochemical purity (RCP) of ['8FIFB-
hTIGIT sdAb was performed by size-exclusion chromatography. The
affinity of the tracer towards hTIGIT was assessed via enzyme-linked
immuno sorbent assay (ELISA) with recombinant hTIGIT protein and
flow cytometry on hTIGIT overexpressing cells. yPET/CT-imaging and
tracer biodistribution were performed in immunodeficient mice bear-
ing both negative and hTIGIT-positive TC-1 lung carcinoma tumours.
Results: ['8F]FB-hTIGIT sdAb (>5 GBq) was obtained after fully auto-
mated production (1h35min), with a RCP>95%, apparent molar
activity>15 GBg/pmol and decay-corrected radiochemical yield of
10+3% (n=4). In vitro assays showed that the radiofluorinated sdAb
had nanomolar affinity towards hTIGIT, both on protein and cells
(Kp=2.7nM; Ky =7.22nM) (Fig. 1). Ex vivo biodistribution at 1h10 after
tracer administration (17.369£0.276MBgq; 26 +2ug; n=4) indicated
three times higher uptake in positive versus negative tumours (Fig. 2)
and fast kidney excretion (14.06 +1.97%IA/g), as confirmed by PET
imaging (Fig. 3).

12000

e
c

8000 (

Antigen bound activity (CPM)
with recombinant hTIGIT protein

Percentage binding (%)
4

4000 /

N
Q“\\

100 1000 0001 0.01 01 1 10 100 1000

01
0
["°FIFB SdAb concentration ("M) ["®F]FB SdAb concentration (nM)

Fig. 1 Binding affinity determined by (a) ELISA (Ky=2.7nM); (b) flow
cytometry (KD=7.22nM).
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Fig. 3 PET/CT imaging at 1h after tracer administration.

Conclusion: A fully-automated production of radiofluorinated sdAb
was developed on a commercially available synthesis module. While
we prepared the tracer for preclinical use, this process allows for GMP-
production of ['8FIFB-sdAbs for clinical translation. ['®FIFB-hTIGIT sdAb
showed a favourable biodistribution pattern which, together with the
nanomolar affinity, makes it a promising PET tracer.
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Aim: CXCR4 is a chemokine receptor overexpressed in cancer, like
multiple myeloma, yet only [*®GalGa-PentixaFor is used for clinical PET
imaging. Nevertheless, the demand for '®F-labeled CXCR4 radiotracers
is growing. Here, we report a novel LY2510924 [1]-based '®F-labeled
CXCR4 tracer, ["8FJAIF-NOTA-SC (Fig. 1) [2].
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Fig. 1 Schematic structure of LY2510924 (left) and ['®F]JAIF-NOTA-SC
(right).

Materials and methods: The CXCR4 affinity (IC50) was assessed by
incubating CXCR4 overexpressing Jurkat cells with the non-radioactive
compounds and CXCL12AF647. The NOTA-SC peptide was labeled
with ['®F]AIF and radioactive cell-binding assays were conducted on
MM.1S, U87.MG and U87 cells overexpressing CD4/CD4.CXCR4/CD4.
ACKR3 or CD4.CCR5. Receptor specificity was assessed by blocking
with non-structurally related competitors such as AMD3100 (CXCR4
antagonist), Maraviroc (CCR5 antagonist), VUF11207 (ACKR3 agonist)
or LY2510924 (self-block). The biodistribution was assessed in naive
mice and xenografted mice with U87.CD4 and U87.CD4.CXCR4 (dual
subcutaneous) or MM.1S (subcutaneous and systemic) tumors using
dynamic YPET/CT (60 min) and ex vivo biodistribution (75 min p.i.).
Finally a PET/MRI study was performed in a non-human primate (NHP).
Results: IC50 values of 143+2.6nM and 8.6+ 1.1nM(n=3) were
obtained for ["'FJAIF-NOTA-SC and ["¥'Ga]Ga-PentixaFor, respec-
tively. ["®F]AIF-NOTA-SC was labeled with a RCY of 28.4£6.7%, RCP
of 98.6 £0.7% and molar activity of 16.4+3.4 GBg/umol(n=10). The
total-bound fraction on U87.CD4.CXCR4 cells resulted in 7.1+0.5% of
administered activity (AMD3100 blocking by 58%) and 2.46 +0.13%
on MM.1S cells (AMD3100 blocking by 31%). ['®F]AIF-NOTA-SC showed
a high uptake in U87.CD4.CXCR4 tumors (Standardized Uptake Value
(SUV) 3.0440.65, 75 min p.i.) and in MM.1S tumors (SUV 1.95+0.06),
compared to the U87.CD4 tumors (SUV 0.04+0.00) or the AMD3100
blocked MM.1S tumor (SUV 0.06). In the systemic MM.1S model ['8F]
AIF-NOTA-SC accumulated in multifocal lesions in the femurs, spine
and skull (Fig. 2E). In the NHP ['®F]AIF-NOTA-SC displayed a moderate
uptake in the bone marrow and spleen and a high uptake in kidneys
and the left adrenal gland (putative aldosterone-producing adenoma)
[31.
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Fig. 2 Whole body maximum intensity projection image (50-60min
p.i.) of ['®FIAIF-NOTA-SC in naive mice (A), NHP (F) and mice xeno-
grafted with U87.CD4/U87.CD4.CXCR4 (dual subcutaneous model) (B),
MM.1S (subcutaneous model) without (C) and with (D) administration
of AMD3100 (5mg/kg i.p. 15 min before injection) or MM.1S (systemic
model, IV injection) (E).The subcutaneous tumors are circled in blue
and time of scanning post tumor cells inoculation is indicated. The
blue arrow in the NHP scan indicates a suspected aldosterone-produc-
ing adrenal adenoma [3]..

Conclusion: ['®F]AIF-NOTA-SC showed in vitro and in vivo CXCR4 spe-
cific uptake and is a promising '®F-labeled radiotracer for CXCR4 PET
imaging.
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Aim: Cyclooxygenase-2 (COX-2) and 5-lipoxygenase (5-LO) convert
arachidonic acid to prostanoids and leukotrienes respectively. Both
enzymes are involved in tumorigenesis and show overexpression in
cancer which makes them promising targets for radioligands [1,2].
Herein, we present radioiodination of two dual COX-2/5-LO inhibitors
featuring a closo-dicarbadodecaborane(12) moiety as metabolically
stable phenyl mimetic and the results of preliminary in vitro and in vivo
investigations.

Materials and methods: Enzyme inhibition of I-1 and I-2 (Fig. 1) was
determined using a fluorescence-based COX assay. 1 and 2 were radi-
oiodinated using chloramine-T and purified by semipreparative HPLC
followed by solid-phase extraction. Radiotracer formulations con-
tained ascorbic acid (AA) or gentisic acid (GA). Stability in ethanol, iso-
tonic saline (0.9% NaCl), phosphate-buffered saline pH 7.4 (PBS) and
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human plasma was investigated for up to 11 h. Cell uptake studies
were performed using U87 glioblastoma, U87 COX-2-knockout, and
A2058 melanoma cells. Distribution in U87 tumour-bearing NMRI-nu/
nu mice was investigated using single-photon emission computed
tomography (SPECT).
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/S ﬂ\/@ DMSO/M,0 S /[/J\/@
N btk :
H S room temperature 1 / [‘23I I-1...a=CH,b=BH!
1/2 10 min [ ENE) {2/[®012 .. 2 = BH, b = CH]

Fig. 1 Radioiodination of 1 and 2.

Results: Radiosynthesis gave high radiochemical yield (41-67%). Radi-
ochemical purity (RCP) depended on addition of antioxidants (none
62-100%, AA>88%, GA>97%). Formulations in EtOH were stable for
more than 10 h at room temperature. In isotonic saline and PBS, radio-
deiodination was decelerated by antioxidants. Radiotracers exhibited
stability during incubation with human plasma (RCP>95% up to 5 h
at 37°C with GA). Cell uptake was observed and partially blocked by
inhibitors of COX-2 and 5-LO. A SPECT imaging pilot study showed
tracer excretion via hepatobiliary and renal routes within 2 h, and
thyroid uptake resulting mainly from residual ['?*l]iodide in the tracer
formulation. Furthermore, ['231]I-2 formulated with AA, but not GA,
showed uptake in the marginal region of COX-2-positive tumours 24 h
after injection (maximum standardised uptake value SUV,,,,, =9.1).
Conclusion: Two radioiodinated closo-dicarbadodecaborane(12)-
based COX-2/5-LO inhibitors were characterised in vitro and under-
went first explorative SPECT studies in vivo. Interestingly, binding of
['231]1-2 at the marginal tumour region was observed in presence of
AA but not GA, potentially indicating partial specificity by blocking
COX-2 in GA-treated mice. Further investigations, such as an intact cell
5-LO assay and in vivo experiments, will allow to validate these initial
observations and to assess the applicability of COX-2/5-LO inhibitors
as tumour radiotracers.
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Aim: The radium isotopes radium-223/-224 with their diagnostic
gamma emitter barium-131 (SPECT) are ideal candidates for targeted
alpha therapy. However, in order to use radium as+2 metal ion in
radioconjugates, it must be stably bound. The chelator macropa (mcp)
has been found to form the most stable complexes so far, but they are
not stable enough for in vivo applications.[1,2] Therefore, novel macro-
cyclic chelators based on macropa were developed with an additional
application for lanthanum, actinium, and lead radionuclides.
Materials and methods: Starting from the diazamacrocycle K2.2,
4 new chelators were prepared in which the picolinic acid side arm
was replaced by 3 regioiosomeric diazabenzenes with carboxylic acid
moiety. All new tendentate chelators and nonradioactive metal com-
plexes were synthesized and characterized by NMR spectroscopy. The
stability of the complexes was determined using ITC and radiolabeling
was performed with barium-131, lanthanum-133, actinium-225 and
lead-212.
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Results: The 4 pym chelators were obtained in yields ranging from 19
to 74% including deprotection. Compared to Ba-mcp, a higher stabil-
ity was found for all Ba-pym complexes. For barium-131, quantitative
radiolabeling of all pym chelators was possible down to c=10 uM,
and for actinium-225, lanthanum-133, and lead-212 down to ¢=0.1
UM. In competition experiments with the new radiometal complexes
using 50 mM EDTA, consistently higher complex stabilities were found
in contrast to the respective mcp complexes (barium-131:>99% intact
complex down to 0.1 mM; actinium-225, lanthanum-133 and lead-
212:>99% intact complex down to 0.1 uM).

Conclusion: Four new pym chelators were synthesized, which show
a higher stability than macropa due to their modification. They are
therefore better suited for complexation with barium-131, as well as
for actinium-225, lanthanum-133 and lead-212 and thus also have the
potential to form more stable radium-223 complexes.
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Aim: lodine and astatine exhibit several radioisotopes of interest for
nuclear medicine whether for imaging or therapy." Bioorthogo-
nal chemistry appears as an interesting alternative to conventional
bioconjugation as it is compatible with biological systems and can
interact without interfering with natural biochemical processes. Pre-
vious work published by our team demonstrated that the use of
bioorthogonal systems based on reactions such as CuAAC, SPAAC or
IEDDA could significantly improve the radiolabeling of proteins with
iodine-125 or astatine-211. The aim of the present study was to fur-
ther explore the potential of click chemistry for radiohalogenation by
assessing sydnone/cyclooctyne couple as potential substrates.>* The
objective was to identify the most interesting bioorthogonal systems
in terms of radiolabeling efficiency and reaction kinetics.

Materials and methods: Several iodinated reference sydnones (sub-
stituted with aryl or alkyl group in N; position and/or chlorinated in C,
position) were prepared in order to evaluate the impact on reaction
kinetics with clickable model peptides modified with DBCO (4) or BCN
(5) moieties. A kinetic study with non-radioactive sydnones (1a-3a)
was performed to determine rate constant of the reaction on cyclooc-
tyne-modified peptides. Reaction kinetics of same bioorthogonal
systems were also investigated with radioiodinated sydnones (1b-3b)
obtained from the corresponding arylboronic precursors. Comparison
of both studies allowed identification of the most reactive systems for
a potential application.

Results: All sydnones '?| labeling reactions were quantitative and
all '®|-labeled compounds were obtained with>99% radiochemical
purity. Non-radioactive reactions showed similar profiles than radio-
active kinetic studies for all systems. As expected, N-alkylsydnone (1a,
1b) showed slow kinetic reaction with 0 to 8% radiochemical yields
(RCY) after 60 min, as anticipated by non-radioactive experiments
with constant rate of 0.04 to 0.10 M~'.s™". N-aryl version (2a, 2b) with
a hydrogen in C, position demonstrated a promising coupling effi-
ciency with DBCO-peptide (RCY >95% after 60 min) when results were
more moderate with BCN-peptide (17%). Once again same tendency
was obtained in non-radioactive measurements with values of 5.67
and 0.32 M~".s~" with DBCO-peptide and BCN-peptide, respectively.
Finally, N-arylchlorosydnone (3a, 3b) appeared to be more reactive
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than all other systems with RCY >95% after 60 min for both DBCO and
BCI\11 sy1stems confirming high constant rates measured (k=5.69-6.02
M~'s7).

Conclusion: In this work, results obtained from the non-radioactive
kinetic study allowed good prediction of trends obtained for the
radiolabeling experiments. Most promising bioorthogonal systems
(N-arylsydnone/DBCO, N-arylchlorosydnone/DBCO and N-arylchlo-
rosydnone/BCN) were identified, and are considered for a transposi-
tion with astatine-211 and biomolecules radiolabeling.
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Fig. 1 Structure of sydnones considered in this study for the labeling
of clickable model peptides.
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Aim: Since interest in treatment with 2**Ac-labelled peptides is grow-
ing in the field of nuclear medicine, optimal labelling conditions and
quality control (QC) of such radiopharmaceuticals is of great impor-
tance. Consequently, this research aims to define reaction parameters
essential for optimal labelling and robust quality control of 2%Ac-
labelled radiopharmaceuticals, exemplified by 22 Ac]Ac-DOTA-TATE.
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Materials and methods: Determination of the quality of different
225Ac sources was performed by evaluating the radionuclidic purity
with HP-Ge-detector and quantification of metal-ions (ingrowth)
using UPLC-analysis at different time points (1-4 weeks after dissolv-
ing). [*2*Ac]Ac-DOTA-TATE was labelled under standardized conditions
(90 kBg/nmol, 35 mM ascorbate, pH =4) as a reference. Radiochemical
yield (RCY) was monitored according to previous work [1]. For radiola-
beling the parameters: pH, molar activity, (90kBg/nmol-270kBg/nmol)
and labelling volume (100-2000 pL) buffering (0.1-1M TRIS (pH=9),
0.1-1M Na-Ac (pH=5)) and quencher (ascorbic acid, cysteine, vanilin
and L-methionine) were tested. Radiochemical purity (RCP) is based
upon an indirect measurement approach. HPLC-method was opti-
mized and different parameters such as: gradient slopes, recovery/
carry and volume per fractions was tested. Other characteristics like
microwave heating and storage conditions like dry-ice and -20°C were
monitored on HPLC (t0, t4 and t24h).

Results: Three different 22°Ac sources were tested and contained dif-
ferent amounts (<5%) of metal impurities (Fe, Zn, Cu); however, all
sources were suitable for radiolabeling, up to 2 weeks after dilution.
Standardized radiolabeling of DOTA-TATE with 22°Ac was performed
successfully, resulting in a RCY >99% and RCP >90% up to 24h. 20 min
90°C resulted high incorporation, longer heating times showed no
improvement. A positive effect on stability could be observed when
buffering with 0.1M TRIS, using ascorbate (35 mM, pH =5.8) and etha-
nol (10% v/v). The HPLC-method as published previously [2] showed
a good separation profile for [2°Ac]Ac-DOTA-TATE, varying the slope
and concentration of the mobile phases showed no improvement.
It has to be noted that for optimal recovery and carry over, in depth
analysis and modifications to the HPLC-system and column, including
injection parameters, are required. Furthermore, increased stability
was observed when stored on dry-ice and when the molar activity was
reduced as well as when the labelling volume was increased.
Conclusion: This research underlines the importance of validating
the different radiolabeling conditions for alpha-radionuclides such as
225c, as well as the appropriate quality control for implementation
towards the clinic.
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Aim: Horizon Europe is the European Union’s research and innovation
program, aiming to support research and innovation. Oncology is one
of the key fields that Horizon Europe primarily supports, underlining
the importance of theranostic agent research. Developing a radiop-
harmaceutical labelled with *>Tb/'®'Tb isotope pair would offer a
perfect theranostic agent. The aim of our research was to synthesize
bifunctional chelators (BFCs) for Tb3* ion complexation based on mac-
rocyclic ligand platforms with good Ln3* ion labelling characteristics.
By coupling these BFCs to taxi molecules (peptides, affibodies etc.) our
long term goal is the simultaneous targeting and treatment of cancer,
the exact type of which depends on the chosen taxi molecule.
Materials and methods: Macrocyclic chelators derived from rigid
pyclen macrocycle (see Fig. 1. for the structural formulas, while their
full IUPAC name can be found in the Abbreviations section) were syn-
thesized and their Tb3* labelling efficiency was studied as a function
of pH, chelator concentration, time and temperature.

Various terbium isotopes were produced via cyclotron, using a proton
beam to irradiate ["*Gd]Gd,0; solid target. >>Tb and "**Tb were used
in the experiment, as isotopes with shorter half-lives (154mTh, 1549Tb)
decayed during purification steps. Purification was done using strong
cation exchange resin (AG 50w-X8) with 2-hydroxyisobutyric acid
(a-HIBA) as the eluent following literature References [3].

150 pL solutions were created of pH=6 buffered Tb3* solution with
2MBq activity of '>>Tb/'*Tb, and the chelators mixed in 200 uL HPLC
vials, and the reaction was followed for up to a day, in most cases 240
min. Complexation was followed by HPLC method using an Agilent
1260 Infinity Il system with GINA 12 software. For detection a RayTest
Gabi scintillation Radiodetector and multichannel UV/vis detector was
utilized.
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Fig. 1 The investigated macrocyclic chelator molecules.

Results: At 100 pmol/L chelator concentrations, labelling efficacy
of 324+4.2% to 95+ 1.5% was achieved for the various chelator mol-
ecules, at pH=6, 25°C under 240 min. At 10 umol/L, same experimen-
tal conditions the best labelling efficacy achieved was less than 20%.
Notably PCTA had the fastest and highest labelling efficacy of the
selected molecules. The most promising molecule of the developed
PCTA derivatives is 3,6-PCA2PA, with 60+3.5% labelling efficiency
achieved in 240 min.

Conclusion: While PCTA might seem more favorable due to a better
labelling yield, structural restrictions make 3,6-PCA,PA a better candi-
date for conjugation with the selected affibody vector molecule. Based
on the results the authors are linking 3,6-PCA2PA to an affibody, to
obtain the needed molecule for labelling with '>2Tb (PET)-'®'Tb (8-,
Auger e7) theranostic isotope pair. This will allow animal studies to
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be carried out, collaborating with colleagues from several European
countries.
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Aim: Cyclotron-produced [''Clcarbon dioxide ([''CICO,), the most
important and versatile primary labeling precursor, can directly be
used for the '"C-carboxylation of organic molecules. The direct car-
boxylation of Grignard reagents with [''C]CO, enables the synthesis
of "'C-labeled carboxylic acids which have been shown to be useful
for the synthesis of functionalised radiopharmaceuticals [1]. In this
line, two of the most important Grignard reaction’s applications are
the preparation of the well known carbon-11 labeled PET-tracers, [car-
bonyl-""C]WAY-100635 and Sodium [1-'"C]Acetate. Nevertheless, the
implementation of Grignard reactions is a challenging task. Grignard
reagents are very suitable in carbon-11 radiochemistry as they are
great nucleophiles for [''C]CO,. As of consequence, they readily react
with atmospheric carbon dioxide, which lowers the molar activity of
the final product, being necessary to develop a leak proof, anhydrous,
free of air apparatus, constructed with efficient handling and well-con-
trolled flow rates [2,3]. In a general way, such limitations narrow the
applicability of these PET-tracers worldwide.

The aim of this work was the development and implementation of reli-
able synthesis for '"C-carboxylations and subsequent ''C-acylations
(only for [carbonyl-"'C]WAY-100635) via the modification of commer-
cially available radiosynthesis modules housed in ICNAS Pharma.
Materials and methods: [''C]CO2 was produced by the nuclear reac-
tion "N(p,a)''C on a IBA Cyclone 18/9 cyclotron. The produced [''C]
CO, was transferred, through lines, to the Synthra [''CICholine® com-
mercial module and was delivered by a stream of helium into Synthra
reactor containing the Grignard reagent at room temperature. The fur-
ther reactions and product’s purification were performed on IBA Syn-
thera® Extension and/or Trasis AllinOne automated modules.

Results: In this work, we were able to build a reliable set-up using the
commercially available Synthra C11 Choline, IBA Synthera® Extension
and Trasis AllinOne automated modules for the routine production of
[carbonyl-""CIWAY 100635 and Sodium [1-''C]Acetate. Using this step-
up, we achieved the [carbonyl-'"CIWAY-100635 with radiochemical
yields of 21.64 11% (EOB, d.c.) with a synthesis time of 45 min. [1-''C]
Sodium Acetate was obtained with radiochemical yields of 41+8%
(n.d.c.) within 35 min. Moreover, the quality of the both PET-tracers
was analysed and both PET-tracers passed through all the tests (e.g.
appearance, pH, radiochemical purity, chemical purity, radionuclidic
purity and residual solvents) assuring its high purity and enabling its
use in preclinical and clinical studies.

Conclusion: Modifications and implementation of ''C-carboxylations
on commercially available automated modules were successful and
straightforward. The set-up’s general applicability was demonstrated
using 2 different Grignard compounds in the present work.
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Aim: The molecular chaperone Hsp90 plays a crucial role in the protein
quality control system, maintaining protein homeostasis under stress
conditions[1]. Aberrant Hsp90 function is linked to various neurode-
generative disorders[2]. Hsp90 brain PET with ["'CJHSP990 may con-
tribute to clinical investigations and drug development by enabling
the study of Hsp90 occupancy, disease monitoring and therapeutic
outcomes.

Materials and methods: In vitro saturation binding assays were
performed using *HJHSP990 on homogenate samples of healthy vs.
TgP301L mice, healthy vs. TgF344-AD rat and healthy vs. human AD
brain tissue. Ex vivo biodistribution of [''CJHSP990 was evaluated in
healthy rodents at baseline conditions and after pre-treatment (30 min
pre-tracer, ip) with HSP990 (5mg/kg) and SNX-0723 (5mg/kg). In vivo
brain uptake was assessed by dynamic PET studies in healthy rats after
combined pre-treatment with Onalespib (30mg/kg, 30 min pre-tracer,
ip) and HSP990 or SNX-0723 (5mg/kg, 5 min pre- or 30 min post-tracer,
iv). Full body dynamic PET scans were performed on APPN-"6~F and
healthy age-matched control mice. Dynamic PET brain scans with
arterial blood sampling were acquired in a rhesus monkey at baseline
blocking (HSP990, 1mg/kg, 5 min pre-tracer, iv) conditions.

Results: Brain homogenate binding assays revealed a B, value of
33+3 pmol/mg protein in healthy human brain tissue, and is nota-
bly lower than reported Hsp90 expression values, suggesting that the
tracer only binds to a sub-fraction of the Hsp90 pool in brain. Moreo-
ver, B, values were significantly lower in AD brain tissue compared
to healthy controls, while affinity (Ky) remained unchanged. Biodistri-
bution showed saturable Hsp90 tracer binding in brain, bone marrow
and blood cells in healthy rodents and in vivo PET studies demon-
strated Hsp90-specific reversible tracer binding in healthy rat brain.
Reduced in vivo [""C]JHSP990 brain uptake was observed in AD mice
compared to age-matched controls (Fig. 1). Finally, high and sustained
[""CIHSP990 uptake was observed in cortical brain regions of a rhesus
monkey and arterial blood sampling confirmed the presence of a satu-
rable Hsp90 binding pool in the blood cell fraction (Fig. 1).
Conclusion: This study shows that despite the abundant and ubiqui-
tous expression of Hsp90, distinct saturable Hsp90 binding pools are
present in blood cells, bone marrow and brain of healthy animals.
Moreover, a reduced amount of saturable Hsp90 was observed in AD
brain compared to healthy controls, confirming a potential role of
Hsp90 in AD. Clinical evaluation of [''CIHSP990 PET is warranted to
explore the translatability of these findings to humans.
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Fig. 1 Dynamic PET brain imaging using ['"CJHSP990 in APPN'~
G=F versus healthy age-matched control mice and a healthy rhesus
monkey.
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Aim: Parkinson’s disease is caused by degeneration of nigro-striatal
dopaminergic neurons and denervation of the target neurons in the
neostriatum. The resulting disruption of dopaminergic modulation
produces an imbalance between antagonistic pathways in the basal
ganglia leading to rigidity, tremor, and bradykinesia [1]. One state-
of-the-art treatment option is the so called deep-brain-stimulation
(DBS), whereby an electrode is implanted to re-equilibrate the nervous
pathways. Though highly effective, DBS is linked to a complex surgical
procedure and can lead to adverse neurological effects [2,3]. The goal
of this project is to enable a selective stimulation of striatal dopami-
noceptive neurons from outside the brain through polymeric photo-
voltaic nanoparticles which are transported to the neostriatum using
engineered M13 bacteriophage as nanocarrier. To monitor its biodis-
tribution in the organism, the engineered bacteriophages are going to
be radiolabeled.
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Materials and methods: To allow the radiolabeling with a radiometal,
a chelator has to be conjugated to the bacteriophage. Phage conju-
gates with different chelators were produced, but stability analysis
by agarose gel electrophoresis revealed a significantly increased and
unexpected aggregation of the radiolabeled conjugates, in compari-
son to the unconjugated phage, when incubated with 50% human
serum. To address this problem and avoid aggregation, a chelator-free
radiolabeling approach was chosen instead, by radioiodination of the
tyrosine residues using ['?*I]Nal and lodogen.

Results: The achieved radiochemical purity was>96% and the molar
activity was 11 MBqg/pmol. Stability analysis using agarose gel elec-
trophoresis indeed revealed a low aggregation in serum. C57BL mice
were intravenously injected with~30 MBg/mouse of ['[]I-M13 and
imaged with SPECT/CT after 20 min, 40 min, 60 min and 18 h. A high
amount of activity was observable in the heart of the mice over the
whole duration of the experiment, indicating circulation of bacte-
riophages. In the necropsy after 18 h, a portion of 15% of the activ-
ity was still found in the blood. Another accumulation was observed
in the lungs, however the signal originated from the blood circulation
in the organ, which was confirmed by the necropsy. After 18 h, 5% of
the activity was also found in the thyroid, indicating moderate deiodi-
nation over time. According to blood samples collected over time the
biological half-life was calculated to be ~9 h.

Conclusion: In this study, for the first time the successful radioiodina-
tion of M13 bacteriophages using ['?*IINal is described. Using the radi-
oiodinated M13, the biodistribution of the phages was studied in vivo
and a striking long serum half-life of the ['?*I]I-M13 was discovered.
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Aim: Aggregates of a-synuclein are a hallmark of several neurode-
generative diseases, including Parkinson’s disease (PD) and multiple
system atrophy (MSA).1 Non-invasive quantitative assessment of
a-synuclein in vivo using positron emission tomography (PET) could
provide valuable insights into the early diagnosis, however a suit-
able PET tracer does not exist.2 This study aims to design, synthesize
and radiolabel new compounds with high affinity and specificity for
a-synuclein and evaluate them as potential PET tracers.3

Materials and methods: Based on a pharmacophore model3, a series
of potential a-synuclein binding compounds was synthesized and
evaluated in vitro using a-synuclein recombinant fibrils. Most potent
ligands (Ki<20 nM) were radiolabeled with tritium using [*Hlmethyl
nosylate. Postmortem human (PD, MSA) brain tissues and a-synuclein
fibril-injected mouse brain tissues were used to evaluate specific bind-
ing of the radioligands (10nM) by in vitro autoradiography. Specificity
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was assessed by comparing tracer binding in human brain regions
with high (‘a-syn+') versus low/no (‘a-syn- ‘) a-synuclein concen-
tration, as determined by immunohistochemistry with pSer129
a-synuclein antibody. Three compounds were selected, SKP02,
SKPO5 and SKP08 and radiolabeled with [''CICH;l. Brain uptake of
the ""C-labelled compounds was evaluated in vivo in wild-type (WT)
C57BI6/) mice with PET.

Results: Initially 11 compounds were designed and synthesized (data
not shown). From this series, SKP02, SKP05 and SKP08 showed optimal
results in vitro: 1) binding affinity of 7.14+2.3, 18.7+2.4 and 45+0.8
nM (mean £ SD;n =3) on recombinant a-synuclein fibrils respectively,
and 2) optimal specificity in autoradiography on post-mortem human
brain tissues. Radiolabeling with [*Hlmethyl nosylate or [''CICH,l was
achieved from the phenol precursors (Fig. 1A). [BHISKP02, [PHISKPO5
and [PHISKPO8 were synthesized with radiochemical yields (RCY) of
30-50% (n=1), a molar activity (AM) of 2.84GBqg/umol and radiochem-
ical purities (RCP) of >98%. Representative images of in vitro autoradi-
ography demonstrated specific binding to a-synuclein fibril deposits
and/or human aggregates (Fig. 1B). The three compounds were radi-
olabelled with [”C]CH3I with RCY of 30-32% (d.c.,n=2), an average AM
of 28 GBg/pmol (at EOS) and RCP >95% (n=2). PET imaging revealed
high brain uptake for [''CISKP02, [''CISKPO5 and [''CISKP08, with a
peak brain perfusion (1.4-1.9 SUVs) 1-3 min post-injection followed
by a washout phase (Fig. 1C). ["'CISKPO8 had a longer brain retention
time and slower washout compared to [''CISKP02 and [''CISKPO5 indi-
cating higher non-specific binding.

Conclusion: Based on in vitro fibril binding and autoradiography,
three a-synuclein ligands were selected as new leads for PET tracer
development. In vitro autoradiography indicated specific binding
to a-synuclein in postmortem human tissues and a-synuclein fibril-
injected mouse brain. The ''C-labelled analogs showed sufficient brain
uptake in WT mice. Further in vivo evaluation, such as ex vivo biodistri-
bution and metabolic stability, is currently underway.
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Aim: Recently, multifunctional platinum(lV) complexes, designed as
prodrugs for the anticancer drug carboplatin and the iron chelator
deferoxamine (DFO) were developed and evaluated as a novel cyto-
toxic agents however, showing lower cytotoxicity than carboplatin
itself (1). As these compounds contain DFO, they hold the potential
a) to be labelled with Gallium-68 for molecular imaging and b) to be
recognized by microorganisms, which can utilize DFO as a siderophore
based iron source being taken up by specific siderophore transporters
(SITs). Thereby, conjugation with carboplatin could potentially lead to
specific antimicrobial activity of the compounds, particularly against
Aspergillus fumigatus (AFU), which causes severe systemic fungal
infection and expresses DFO-recognising SITs. Here we present the
in vitro and in vivo characterization of two Pt(IV)-DFO-conjugates with
a carboplatin core towards application for infection theranostics.
Materials and methods: Two platinum(lV) derivatives of carboplatin
featuring a DFO unit and succinic acid or an acetyl group, respectively,
incorporated at axial position were radiolabeled with Gallium-68,
tested for lipophilicity, protein binding and stability in serum. In vitro
uptake assays in AFU and AFU mutants lacking SIT1, which is respon-
sible for ferrioxamine uptake, were performed. natGa complexes were
used in MIC assays for antifungal activity in comparison with natGa-
DFO. PET/CT imaging of a pulmonary aspergillosis model in rats was
performed as well as biodistribution studies, in vivo stability studies in
mice are ongoing.

Results: Radiolabeling showed quantitative %8Ga-labeling yields at
high molar radioactivities with radiochemical purities exceeding 95%,
hydrophilic properties, low protein binding and high stability in serum.
Uptake assays revealed high uptake in AFU in iron deplete environ-
ment, which was proven to be SIT1 dependent. MIC assays showed
moderate antifungal activity, higher than DFO and carboplatin itself,
but with limited SIT1 dependence, as some antifungal activity was also
observed in mutants lacking SIT1. PET/CT imaging revealed favourable
pharmacokinetics with rapid distribution and exclusive renal excretion
pattern with high and pronounced accumulation in AFU infected lung
tissue.

Conclusion: Overall, this study demonstrated the potential of DFO-
carboplatin based conjugates for theranostic applications. DFO con-
jugation can lead to very selective delivery of antimicrobial active
compounds while allowing PET imaging for patient selection and
treatment monitoring. Challenges remain in ensuring very high anti-
microbial activity and in vivo stability of the compounds. Further work
aims to modify the concept to improve antifungal activity and to pro-
vide wider application towards antibacterial applications.
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Aim: Bacterial infections are a major problem in most medical disci-
plines[1]. Rapid and accurate detection is essential but can be chal-
lenging with the diagnostic tools currently available. Positron Emission
Tomography (PET) imaging has the potential to overcome this hurdle
if suitable tracers can be developed[2]. Here we report on PET tracers
for the imaging of Gram-positive bacteria, employing vancomycin as
the targeting molecule. Vancomycin binds peptidoglycan, which is
ubiquitously present and accessible in Gram-positive bacteria. This
glycopeptide antibiotic is well described in literature and binds specifi-
cally to D-Ala-D-Ala moieties present on peptidoglycan(3, 4]. Here, two
new vancomycin-based PET tracers, were labelled with 18F and tested,
both in vitro and in vivo, in healthy animals, and compared with previ-
ous developed [18F]PQ—VE1—vancomycin[S].

Materials and methods: Radiolabeled prosthetic groups ['8FIFB-NHS
and ['®F]BODIPY-FL-NHS were conjugated to vancomycin using an Eckert
& Ziegler Modular-Lab PharmTracer synthesis module. The in vitro binding
affinity towards Gram-negative and Gram-positive bacteria and minimum
inhibitory concentration were investigated and compared to previously
reported [‘BF]PQ—VE1—vancomycin PET tracer. For the first time, the biodis-
tribution of all three tracers was determined in healthy animals to identify
potential binding site interference and to evaluate the feasibility of imag-
ing of bacterial infections using vancomycin-based PET tracers.

Results: [18F]FB—vancomycin, ["®FIPQ-VE1 -vancomycin, and ["®F1BODIPY-
FL-vancomycin were successfully synthesized with a radiochemical yield
of 11.7%, 2.6% and 0.8%, respectively. [18F]FB—vancomycin exhibited
poor in vitro and in vivo stability and, as a result, no affinity towards
Gram-positive bacteria. In contrast, [18F]BODIPY—FL—vancomycin and
['8F1PQ-VE1-vancomycin showed high affinity towards Gram-positive
bacteria in vitro. Despite an increased MIC, co-incubation with vancomy-
cin showed binding that matched or even exceeded clinically relevant
blood serum levels of vancomycin. For ['8F]PQ—VE1—vancomycin, in vitro
growth inhibition was not observed, whilst showing slightly higher
affinity for the D-Ala-D-Ala targeting moiety, compared to ['®FIBODIPY-
FL-vancomycin. Biodistribution showed predominantly renal clearance
of [18F]PQ—VE1—vancomycin and [1SF]BODIPY—FL—vancomycin and, prom-
isingly, low non-specific muscle accumulation.

Conclusion: [18F]BODIPY—FL—vancomycin and [‘SF]PQ—VE1—vancomycin
show great potential for imaging Gram-positive bacteria in vitro and
in vivo. This research paves the way for the investigation of vancomy-
cin-based bacterial infection imaging in relevant models of bacterial
infection to establish its scope and applicability.
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Aim: Invasive pulmonary aspergillosis, mainly caused by Aspergillus
fumigatus, is a severe and often life-threatening disease in immuno-
compromised patients, lacking selective and sensitive diagnostic tools.
A. fumigatus requires iron for growth and virulence and therefore
secretes low molecular weight chelators, called siderophores, to acquire
iron from the host. The siderophore ferrioxamine E (synonyms: nocar-
damine, FOXE, DFO E), produced by Streptomyces sp., can be utilized by
A. fumigatus [1]. We report here on the characterization of %Ga-labelled
artificial biomimetic FOXE analogues with respect to recognition by A.
fumigatus, targeting properties in vitro and in vivo including PET/CT
imaging and selectivity in comparison to bacterial strains.

Materials and methods: Artificial FOXE derivatives, containing a
retro-positioned hydroxamate group and variable ring size were syn-
thesized as described previously [2] and labelled with %8Ga. Uptake
assays using iron sufficient and depleted A. fumigatus cultures and
Staphylococcus aureus cultures were performed, including blocking
studies with iron labelled siderophores. Growth promotion assays
employing A. fumigatus mutants that grow only in the presence of
usable siderophores, possessing or lacking the endogenous ferriox-
amine transporter Sit1, complemented recognition analysis of artificial
siderophores by A. fumigatus. Furthermore, biodistribution studies in
healthy BALB/c mice were performed, as well as PET/CT imaging in a
rat model of A. fumigatus and S. aureus infections.

Results: In vitro uptake assays using A. fumigatus wildtype strain
showed specific uptake for 68Ga-labelled FOX 2-5 and FOX 2-4, which
have a high structural similarity to the original FOXE. Growth assays
mostly supported uptake results. Uptake and growth assays indicated
Sit1-specific uptake of ®Ga-FOX derivatives. On the contrary, uptake
assays in S. aureus suggested higher uptake of [®Ga]Ga-FOX 2-6 and
[%8Ga]Ga-FOX 3-5. Biodistribution assays showed favourable pharma-
cokinetic properties with rapid elimination. Dynamic PET/CT imaging of
A. fumigatus and S. aureus infected rats revealed rapid accumulation of
radiotracer in infected tissues and supported specificity found in vitro.
Conclusion: In vitro and in vivo evaluation indicated superiority of
[°8GalGa-FOX 2-5 over other ®8Ga-FOX derivatives for targeting A.
fumigatus. For some compounds, species-specificity in their biologi-
cal activity was revealed. Pharmacological characterization provided
very promising first insights and showed possible applicability of
artificial %8Ga-FOX derivatives for selective targeting of pathogenic
microorganisms.
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Aim: Liver function determination with nuclear medical imaging
methods is usually performed with hepatobiliary scintigraphy (HBS),
but limitations regarding the spatiotemporal resolution of the tech-
nigue prohibit segmental and truly quantitative analysis. In order to
allow voxel-based quantification of liver function in high spatial and
temporal resolution, [*Ga]Ga-TEoS-DAZA was developed as a hepato-
cyte-specific tracer for PET imaging.

Materials and methods: TEoS-DAZA was labeled with %8Ga-solution
from a %8Ge/%®Ga generator, using HEPES buffer (1.5 M, pH 3.6-4.0).1
Labeling must be performed at 25°C (10 min) since elevated tem-
peratures lead to preliminary precursor decomposition.2 [68Ga]
Ga-TEoS-DAZA was purified via solid phase extraction (SPE, using C-18
cartridge, 50% ethanol for tracer elution) and diluted with PBS to pro-
vide injectable solutions. Preclinical biodistribution studies were per-
formed in embryonated ostrich eggs (n=7) and in C57BL6/N mice
(n=6) during different stages of liver fibrosis.2 Blocking studies were
performed in embryonated ostrich eggs using cyclosporine A. A toxic-
ity study of the precursor was performed in rodents. Dynamic [®3Ga]
Ga-TEoS-DAZA PET/CT was performed in three patients with hepato-
cellular carcinoma (HCC) after giving informed consent.

Results: [%3GalGa-TEoS-DAZA exhibits specific liver uptake in ostrich
embryos and mice (total organ uptake at peak: 32%IA in ostrich,
39%IA in mice). The hepatic transit was notably faster in mice (time
to peak ca. 2 min) as compared to ostriches (approx. 22 min). Mice in
prefibrotic-inflammatory phases exhibited decreased biliary excretion
rates. Results from blocking studies indicate involvement of OATP1B1
and OATP1B3 transporters in [GalGa-TEoS-DAZA uptake, similar to
other established agents for liver function determination. Batches of
[°8Ga]Ga-TEoS-DAZA were produced according to guidelines of Good
Manufacturing Practice, exhibiting RCP>95% after SPE purification
(RCY=58%).2 The NOAEL of the precursor was determined at 1.4
mg/kg. In patients, the hepatic transit in non-tumorous parenchyma
was slower than in healthy mice (time to peak approx. 15 min). HCCs
showed early arterial hyperperfusion, followed by a rapid washout of
activity>60 s p.i., after which the activity in HCCs was lower than in
surrounding liver tissue, indicating a relation between tracer uptake
and hepatocyte function.3 Additionally, the biliary excretion of the
tracer allowed for evaluation of bile stent patency.4

Conclusion: [®®Ga]Ga-TEoS-DAZA shows high potential as a tracer for
liver function quantification by means of determining uptake values
and hepatic transit kinetics. Further potential fields of application are
liver disease staging, lesion characterization and diagnosis of biliary
tree irregularities.



EJNMMI Radiopharmacy and Chemistry 2024, 9(Suppl 1):65

e GB — gall bladder
HCC — hepatocellular carcinoma

Coronal view of a torso after injection of [°8GalGa-TEoS-DAZA with the
position of the liver delineated (yellow dotted line). The tracer accu-
mulates in the functional liver parenchyma and subsequently the gall
bladder and intestines, while a hepatocellular carcinoma exhibits sig-
nificantly reduced uptake.
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Aim: Terbium-149 was previously proposed as a suitable candidate for
targeted a-therapy [1,2]. Combining it with somatostatin analogues
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appears particularly appealing because of their rapid pharmacokinet-
ics which meet well with the short half-life of terbium-149 (T, ,,=4.12
h). Since the decay chain of terbium-149 does not comprise relevant
amounts of a-emitting daughter nuclides, efficient internalization of
the radiopharmaceutical may not be a prerequisite and, hence, the
use of somatostatin receptor (SSTR) antagonists plausible. The aim of
this study was to investigate a SSTR agonist and antagonist, ['**Tb]Tb-
DOTATATE and ['“°Tb]Tb-DOTA-LM3, respectively, and compare their
therapeutic efficacy and safety in the preclinical setting.

Materials and methods: The labeling of the somatostatin analogues
with ["**Tb]TbCl, was performed at pH 4.5 within 15 min at 95 °C, fol-
lowed by quality control using HPLC. ["°Tb]Tb-DOTATATE and ['*°Tb]
Tb-DOTA-LM3 were tested in rat pancreatic AR42J tumor cells. Cell
viability (MTT) and survival (colony forming) assays were performed
after overnight exposure of AR42J cells to variable activity concentra-
tions of the radiopeptides. Therapy studies were performed in AR42)
tumor-bearing mice injected with 1 x 5 MBq or 2 x 5 MBq of the radio-
peptides. The tolerability of 20 MBq ["°Tb]Tb-DOTATATE or ['“°Tb]
Tb-DOTA-LM3 was assessed in immunocompetent mice without
tumors. The body mass of mice was monitored three times a week and
blood cell counts were determined on Day 10, 28 and 56. Kidney func-
tion was tested using [®*™c]Tc-DMSA after 10 weeks.

Results: ['*°Tb]Tb-DOTA-LM3 showed a higher uptake in AR42J tumor
cells than ["*°Tb]Tb-DOTATATE after a 2-h incubation period (63% vs.
41%), with an internalized fraction considerably lower for the SSTR
antagonist than for the agonist (5% vs. 42%) (Fig. 1A). Viability of AR42)
tumor cells was more effectively reduced with ['**Tb]Tb-DOTA-LM3
than with ['**Tb]Tb-DOTATATE (ECs,=0.51 vs. 1.24 kBg/mL) (Fig. 1B). In
colony forming assays, 6 +3% vs. 45+ 7% of the tumor cells survived
after treatment with 1.0 kBg/mL ["*Tb]Tb-DOTA-LM3 and ['*°Tb]Tb-
DOTATATE, respectively. In vivo, both radiopeptides showed a com-
parable efficacy to delay the tumor growth. The median survival of
mice injected with 2 x 5 MBg was~ 30 days as compared to~ 18 days
for mice injected with 1 x5 MBg and ~8 days for untreated controls
(Fig. 1C/D). The radiopeptides were well tolerated at 20 MBg/mouse,
demonstrated by blood cell counts in the same range for treated mice
and untreated controls. No reduction in renal accumulation of [®™Tc]
Tc-DMSA was seen in treated mice, indicating unimpaired kidney
function.

Conclusion: Both radiopeptides were effectively employed for tumor-
targeted o-therapy. An advantage of using a SSTR antagonist was
not established, hence, the cell internalizing SSTR agonist, ["°Tb]Th-
DOTATATE, may be the preferred radiopeptide in view of future clinical
application.
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Aim: The future of nanomedicine therapy lies in multifunctional
nanoplatforms, which combine therapeutics compounds and target-
ing vectors — biomolecules, specifically bind to the receptors of can-
cer cells. Traditional cancer therapies often cause significant damage
in normal cells, whereas conjugation of therapeutic agents to vectors
improves the selectivity and enhances the cytotoxicity. In particular,
the use of gold nanoparticles with unique properties, such as small
size, high biocompatibility, and versatility due to the ease of surface
functionalization gives a unique opportunity to combine several ther-
apeutic methods in one drug.

This study aimed to synthesize a novel radiobioconjugate containing
simultaneously B~ emitter—'*%Au-labeled NPs (['®®Au]Au-NPs), and
trastuzumab-emtansine (T-DM1) as Antibody-Drug Conjugate (ADC).
Materials and methods: To synthesize 30 nm of gold nanoparticles,
the radioactive precursor of gold-198 ('®Au) was applied. The size,
zeta potential, and shape of nanoparticles were determined by TEM
(Transmission Electron Microscopy) and DLS (Dynamic Light Scatter-
ing) techniques. Firstly, T-DM1 was attached to a bifunctional linker
OPSS-PEG-NHS (5 kDa) and then conjugated with ["*®Au]Au-NPs. The
stability studies were carried out in saline, and PBS buffer. Biological
studies such as binding specificity, receptor internalization, cytotox-
icity (MTS and apoptosis assays, spheroids), cell cycle, and confocal
microscopy were performed on SKOV-3 (HER2+) and MDA-MB-231
(HER2-) cancer cell lines.

Results: The DLS and TEM measurements confirmed the expected
average size of ["*8Au]Au-NPs (~30 nm) and spherical shape. The zeta
potential value showed high stability of 198AuNPs without a tendency
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to agglomeration. T-DM1 was successfully attached to a bifunctional
linker forming a stable peptide bond. Due to the high chemical affin-
ity of sulfur to gold, the 198AuNPs were effectively modified with
OPSS-PEG-NH-T-DM1 conjugate. Obtained ['*®Au]Au-NPs-T-DM1 bio-
conjugate showed one-week stability in the media tested. In vitro
experiments demonstrated a high affinity of the radiobioconjugate
to HER2 receptors and cell internalization. Cytotoxicity experiments
using the MTS assay showed a significant decrease in the viability of
SKOV-3 cells. A synergistic cytotoxic effect due to the simultaneous
presence of DM1 at a concentration of 0.031 pg/mL and 198Au at a
dose of 20 MBg/mL was revealed after 48 h. Flow cytometry analysis
indicated that ['®®Au]Au-NPs-T-DM1 mainly induced cell cycle arrest in
the G2/M phase and late apoptosis. The synergistic effect of the radio-
bioconjugate was also shown in spheroid models.

Conclusion: The proposed multimodal radiobioconjugate contain-
ing in the structure DM1, radionuclide, and trastuzumab shows great
potential for the treatment of HER?" cancers by intratumoral or post-
resection injection.
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Aim: "7 Lu-labeled 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
[11. However, worldwide '7Lu availability is limited [2]. To overcome
this problem, the use of '®'Tb for TRT has been proposed because its
decay characteristics are quite similar to those of 7714 [3]. "' Tb emits
low-energy photons (48.9 keV (17%) and 74.6 keV (10%)), useful for
SPECT imaging, and relatively low-energy p-particles (Eavg =154 keV).
Unlike 7Ly, ''"Tb 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 ®'Tb-labeled somatostatin (SST) and "7’Lu-labeled 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 1'Tb or 7’Lu 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). MIRDcell
calculated the Sf for each treatment using the linear quadratic model
equation and taking into account the AD generated by the radiation
emitted within the same cell (self) and the radiation emitted by neigh-
boring cells (cross). The a and {3 values of AR42J cells were determined
experimentally.

Results: Dosimetric evaluations show that most of the B-particles
emitted by '”’Lu penetrates the membrane and reaches the nucleus
to deliver a specific fraction of their energy. Therefore, '”’Lu-labeled
RPs localization inside the cells only slightly affects the AD and the
biological damage generated. In contrast, '®'Tb-labeled RPs localiza-
tion causes differences in AD due to the IE and AE emitted by '¢'Tb.
However, as the cluster size increases, the difference in AD due to RPs
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localization is minimal and the Sf depends mainly on the number of
labelled cells.

Conclusion: For both 7’Lu-labeled RPs and '®'Tb-labeled 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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Aim: The prostate-specific membrane antigen (PSMA) is overex-
pressed in prostate cancer at significantly higher levels compared to
healthy tissue. Therefore, PSMA has emerged as very suitable target for
molecular imaging as well as targeted radionuclide therapy of meta-
static castration-resistant prostate cancer (mCRPC). In this study, we
have investigated the in vivo behavior of two novel macropa-based
PSMA inhibitors, namely [ZZSAC]AC-me-D-PSMA and [225Ac]Ac—mcp—
M-alb-PSMA modified with albumin binding moiety. The main moti-
vation behind this project was to improve tumor uptake and thus
therapeutic efficacy of those novel 22*Ac-labeled PSMA inhibitors.
Materials and methods: We have performed in vivo studies involving
long-term toxicity study in healthy mice with subsequent immuno-
histochemical examinations of kidneys and salivary glands. We have
also done therapeutic efficacy study in LNCaP-tumor bearing animals
employing three different doses (5/15/45 kBg/mouse). Kidneys, liv-
ers and tumors were examined using immunohistochemical staining
methods to detect PSMA expression, DNA damage (yH2AX), prolifera-
tion status (Ki67) and necrosis (H&E).

Results: The toxicity study have not revealed any significant toxic
effect in studied parameters. Insignificant DNA damage was observed
in the kidney tissue compared to the untreated controls. The therapy
study showed no significant effect of two lower doses (5 and 15 kBqg/
animal) onto tumor volume or survival. The dose of 45 kBg/mouse had
significant impact to both mentioned parameters, whereas [***Ac]
Ac-mcp-M-alb-PSMA performed better than other two 2*°Ac-labeled
PSMA inhibitors.
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Conclusion: In vivo experiments in healthy mice showed very low tox-
icity of tested PSMA inhibitors. Histological examination of the organs
in therapy study confirmed substantial DNA damage in the tumor tis-
sue of mice injected with both studied novel 2>Ac-compounds, on the
other hand the same parameter revealed only low DNA harm in the
kidneys. The therapeutic efficacy of novel compounds was compara-
ble to gold standard [**Ac]Ac-PSMA-617, in case of [2°*Ac]Ac-mcp-M-
alb-PSMA seemed to be even higher.
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Aim: Terbium-149 was proposed as an attractive candidate for Tar-
geted Alpha Therapy (TAT) in the late 1990's [1], due to its favour-
able physical decay properties (T,,,=4.1 h, E;=3.97 MeV, 17%; EB+
mean =720 keV, 7%) [2]. While preclinical studies continue to demon-
strate its therapeutic potential [3-5], it was also shown that it can be
used for positron emission tomography [4]. The absence of daughter
nuclides emitting relevant quantities of a-particles, an advantage over
other radionuclides envisaged for TAT, make it a promising radionu-
clide, despite its limited development to date.

Materials and methods: Terbium-149 was produced at ISOLDE/
CERN via spallation induced in a tantalum target using high-energy
(1.4 GeV) protons, followed by effusion, release and ionization of the
spallation products, which were mass-separated online. The mass 149
isobars were collected in zinc-coated gold/platinum foils and shipped
to Paul Scherrer Institute for processing. Terbium-149 was chemically
separated from its isobaric impurities, as well as the collection mate-
rial, using cation exchange and extraction chromatography, employ-
ing an optimized process as compared to the procedure previously
reported [5]. The quality of the radionuclide produced was assessed
by means of radiolabelling experiments, together with y-spectrometry
and inductively coupled plasma—mass spectrometry measurements.
Results: Up to 1 GBq terbium-149 were collected and transported in
two experimental campaigns in 2023, with ~450 MBq activity received
upon arrival at PSI. The four-hour radiochemical separation process
yielded up to 260 MBq final product. The product radiochemical
purity, in 1 mL 0.05 HCl, was measured by y-spectrometry and found to
be 99.8%. Quality control was performed using DOTATATE, which was
successfully labeled at molar activities up to 50 MBg/nmol with >99%
radiochemical purity [5]. The chemical purity was further proven by
ICP-MS measurements, which showed lead, copper, iron and zinc con-
taminants at ppb levels.

Conclusion: The collection of mass separated-terbium-149 and radio-
chemical separation process has steadily improved over the years,
such that higher activities can be collected and isolated, while the
quality of product can ensure more efficient labelling of tumour-tar-
geting small molecules. While only CERN/ISOLDE currently produces
this radionuclide with limited available beam time, CERN/MEDICIS is
developing efficient methods to do so as well. Despite this, the inter-
est in the radionuclide remains high, with governments in Switzerland
and Belgium approving grants to fund facilities IMPACT and MYRRHA,
respectively) to upscale and produce large activities of terbium-149,
amongst other interesting radionuclides, towards medical research
and potential clinical application.
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Aim: The interest in terbium-155 for SPECT imaging is on the rise
thanks to its y emissions at 87 keV (32%) and 105 keV (25%) and its
long half-life that allows to investigate the biodistribution of radiop-
harmaceuticals over several days. In addition, the possibility to couple
it with other Tb radionuclides to produce theranostic pairs increases
its appeal for medical purposes [1]. However, an adequate production
route for medical applications has not been found yet. In this work the
attention is focused on the >Gd(p,n)'>*Tb reaction. The co-produc-
tion of "**Tb has to be limited as much as possible, due to its half-life
comparable to the '>>Tb one and its high-energy y emissions that con-
tribute to the dose and compromise the image quality [2].

Materials and methods: The theoretical analysis is crucial to identify
the optimal production parameters and irradiation conditions, limiting
the co-production of harmful impurities. The theoretical cross sections
have been calculated with the TALYS code [3] and compared with the
data available in the Literature [4]. Thick-target yields were obtained
and dosimetric evaluations were accomplished using the OLINDA
software [5], considering an injection of ['**Tb]Tb-cm09 [1]. Finally,
the dose increase (DI) was determined by combining the yield of all Tb
radioisotopes produced with the dosimetric outcomes.

Results: With enriched '>°Gd targets, the main issue is represented
by the presence of '>°Gd as impurity. Different levels of '>>Gd enrich-
ment have been compared, namely 93.1%, 98%, 99%, and 100%. For
each case the assessment of the radionuclidic purity (RNP) and DI have
been performed. The dosimetric assessment shows that a maximum
2% content of 1*5Gd in the target guarantees a safe clinical application.
Even though the RNP of reference for the specific case has yet to be
established, a 98% RNP value combined with a DI lower than 10% indi-
cates a promising outcome.

Conclusion: This work proposes a hospital-cyclotron method for high-
purity '**Tb production based on an adequate '>>Gd-enrichment of
the target. The minimum level of enrichment necessary for its use in
clinics has been identified. This is alternative to the use of a post-pro-
duction mass spectrometry purification proposed in the Literature [4].
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Aim: The main goal of this work is to advance the technology required
for cyclotron-driven production of manganese-52 (°?Mn), aiming at
the preparation of radiopharmaceuticals suitable for positron emis-
sion tomography (PET), and for PET/MRI multimodal imaging studies,
when they are used in combination with analogous paramagnetic
manganese-based compounds. The cyclotron-production of >?Mn
implies the use of a natural chromium targets and medium-low energy
protons within the range of 10-20 MeV. This process predominantly
relies on nuclear reaction pathways, specifically the *>Cr(p,n)*>Mn and
53Cr(p,2n)>>Mn ones. Alternatively, >*Cr-enriched material can also be
employed for this purpose. The developed technology includes: (i) the
design and production of chromium metal targets to fit the size of the
solid target station of a medical cyclotron; (ii) the development of an
automated and efficient procedure for separating >’Mn from the Cr
bulk; and (iii) the labeling of specific ligands with >2Mn.

Materials and methods: Both natural chromium and %2Cr enriched
targets were produced using the Spark Plasma Sintering (SPS) tech-
nique [1]. Irradiation runs were performed with the ACSI TR19/300
cyclotron located at the Sacro Cuore Don Calabria Hospital in Negrar
di Valpolicella (Verona, Italy). The separation of the yielded 52Mn
from the target was performed, after dissolution with HCl 6M of the
target, through the ion exchange chromatography process, with an
automatic module. Preliminary labeling experiments were conducted
with 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. A preliminary assessment of the
imaging quality of >2Mn produced from >2Cr enriched targets has also
been carried out on phantom with a microPET tomograph.

Results: Metal pellets of Cr were produced and joined to nobium and
gold backing materials using the SPS technique [1]. The targets were
irradiated with 16 MeV proton beams at 10 A for 15 min. The irradi-
ated target was dissolved in concentrated HCI, then diluted to 3% HCI
in ethanol and loaded onto a column containing AG1-X8 resin. Chro-
mium was eluted using a solution of 3% HCI in ethanol, while man-
ganese was then eluted with 3 mL of HCI 0.1 M and directly loaded
onto an AG50W-X8 resin. After washing with HCI at various concen-
trations, the purified *2Mn is eluted with HCI 1.5M (recovery yield was
determined about 78%). DOTA-SCN has been labeled with the purified
[>2MnIMnCl, with radiochemical yield > 99%.

Conclusion: The developed technology allows to obtain cyclotron-
produced >?Mn in high yield and purity. The development of new
bimodal probes for manganese-based PET-MRI imaging is currently
under investigation.
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Aim: True theranostic matched pairs of radionuclides are a topic of
high interest in the radiopharmaceutical sciences. From the handful
of true matched radionuclides, the radiocopper trio copper-61 (°'Cu),
copper-64 (%*Cu) and copper-67 (¢’Cu), for diagnosis through PET and
endoradiotherapy, respectively, stands out due to its simple chemistry
and favorable physical properties. Furthermore, the high availability of
54Cu has enabled huge developmental projects of copper-based radi-
opharmaceuticals [1]. Nevertheless, a shorter-lived PET radionuclide
such as 6'Cu may as well be beneficial. Currently, ®'Cu is being pro-
duced either from nickel-61, zinc-64 or natural occuring zinc, however,
we present here our results on the production via the ®Ni(p,2n)'Cu
nuclear reaction.

Materials and methods: Thick nickel electrodepositions (130-260
mg/cm2) were performed from [#*Ni][Ni(NH,)6]SO, solutions (fresh
metallic 2Ni ingots or recycled [52NiINiCl,, pH 9, |=26 mA) onto gold
backings, similar as already described by our group for ®Ni [2]. These
targets were irradiated at our TR-Flex (ACSI) cyclotron, with an incident
proton energy of 20-22 MeV (target mass-dependent) and 70 pA cur-
rent for 1 h. After a 1 h decay to reduce the also occurring ®*Cu-activity,
radiochemical purification was performed by a one-step separation
based on a 2 mL AG-1 x 8 column or a 1 mL TK201 cartridge, respec-
tively. The radiocopper elution was performed with H,0 or 0.01 M HCl,
respectively. Aliquots of the nickel, cobalt and copper fractions were
analyzed by gamma-spectroscopy means. Apparent molar activities
(AMA) of the solution were determined by titration of the [61Cu]CuCI2
fraction with the macrocyclic complexing agent 1,4,8,11-Tetraazacy-
clotetradecane-1,4,8,11-tetraacetic acid (TETA) in combination with
radio-TLC.

Results: Saturation yields of 800-1500 MBg/pA were quantified, rep-
resenting 25% of the theoretical ones. Copper-61 activities of up to 20
GBq at EOB were quantified, which was translated to up to 8 GBq at
end of purification (EOP) contained in 2 mL 1.5 M HCI (which could be
dried and re-dissolved in 700 pL H,0) or in 2 mL 0.01 M HCl, depend-
ing on the separation method. Both alternatives lead to comparable
results regarding separation yield and product purity. The [¢'Cu]Cudl,
solution proved radionuclidic purities over 99% and AMA of 260 GBqg/
pumol with the TETA chelator, EOP corrected.

Conclusion: We present here a comprehensive novel production
method for the PET radionuclide 6'Cu as alternative to the most popu-
lar production routes. Characterization of the [*'CulCuCl, product
showed both high RNP as well as high AMA up to 9 h after EOP. Fur-
thermore, production scalability could be easily achieved by increas-
ing the irradiation time.

Page 20 of 51

References

1. IAEA. Copper-64 radiopharmaceuticals: Production, quality control and
clinical applications. Vienna, Austria: IAEA; 2023.

2. Thieme S, Walther M, Pietzsch H-J, Henniger J, Preusche S, Mading P,
Steinbach J (2012) Module-assisted preparation of %Cu with high specific
activity. Applied Radiation and Isotopes 70:602-608.

Addressing the side product challenge in copper-mediated
radiofluorination

Sarandeep Kaur 12 Barbara Wenzel', Klaus Kopka 2 and Rares-Petru
Moldovan'

"Helmholtz-Zentrum Dresden-Rossendorf (HZDR), Institute

of Radiopharmaceutical Cancer Research, Department

of Neuroradiopharmaceuticals, Research Site Leipzig, 04318 Leipzig.
%Faculty of Chemistry and Food Chemistry, School of Science, TU
Dresden, 01069 Dresden, Germany

EJNMMI Radiopharmacy and Chemistry 2024, 9(1): PPO1

Aim: Copper-Mediated Radiofluorination (CMRF) is one of the most
significant developments of the last decade for the production of
'8F-aryl-containing radiopharmaceuticals [1]. Despite extensive
research and improved radiolabelling conditions, the generation of
the H-side product (Fig. 1) continues to be an issue in these CMRF
reactions because this impurity is often difficult to separate from the
desired radiotracer. In our research, we therefore focused on the iden-
tification of the sources and reaction parameters influencing the “H"-
side product formation in these CMRF reactions.

,"I‘E(OR "
@ B(OH),; | CMRF @7% + @H
R SRy R R

18F-radiotracer

H-side product

Fig. 1 A general scheme showing the H-side product formation in
copper-mediated radiofluorination.

Materials and methods: The CMRF reactions were investigated
with two structurally different pinacol boronic ester precursors and
optimized by varying the following parameters: solvent (DMA, DMI,
n-BuOH), reaction time (5—20 min), temperature (110—130 °C), base
(K,CO5) and molar ratio between precursor and Cu-complex (1:3, 2:3,
1:8). To investigate the source of protons, deuterated reagents (D,0O,
n-BuOD-d,, TBADCO;, K,CO; in D,0) were used. The influence of dif-
ferent leaving groups of the precursors (boronic acid, pinacol boronic
ester and stannyl group) was also evaluated. The effect of amounts of
different eluting phase transfer catalysts (PTCs) (TBAHCO;, TEHCO;,
TBAOTf, DMAPHCO;) was also investigated. Moreover, the dependency
on the formation of the H-side product from the reaction time (2—30
min) was studied.

Results: The respective radiofluorinated products were achieved
with a high radiochemical conversion of about 80-90% using 2 mg
of respective pinacol boronic ester, 10 mg of [Cu(OTf),(Py),] (molar
ratio of 1:4) in n-BuOH:DMI (1:2, v/v) at 110 °C for 5 min. The H-side
product was successfully separated from the radiofluorinated prod-
uct using a semi-preparative HPLC with a pentafluorophenyl-based
column. Under deuteration conditions the experiments revealed that
quenching the reaction with D,0 had no influence on the H-side prod-
uct formation, but the use of n-BuOD-d,, increased its generation by
four-fold. The different eluting PTCs (Bu,NHCO;, Et,NHCO;, Bu,NOTf,
DMAPHCO;) implied no significant influence on the H-side product
formation, however, the exclusion of K,CO; not only improved RCC but
also decreased the H-side product formation. The use of boronic acid
as leaving group led to an increased H-side product formation by sev-
eral folds as compared to the use of the pinacol boronic ester-bearing
precursor. Moreover, the use of a precursor with acidic protons in the
molecular structure (e.g. NH) enhance the H-side product formation. In
general, the yield of the H-side product formation reached a plateau at
10 min of reaction.
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Conclusion: Despite a number of hurdles, the CMRF reactions are
currently being widely employed for the production of radiopharma-
ceuticals embodying a wide variety of '8F-aryl scaffolds. To overcome
the purification difficulties of fluorine-18-containing radioligands due
to H-side product formation, further improvements and mechanistic
studies need to be undertaken.
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Background: ®Ga is a PET emitter radionuclide with an important role
in nuclear medicine diagnosis procedures. The physical half-life of 68
min is compatible with the pharmacokinetics of many biomolecules
and low molecular weight substrates. Another important feature is its
availability from a generator system, where the parent radionuclide,
%Ge (t,, =270.95 days) is adsorbed on a column and daughter, %Ga, is
eluted in ionic form ®8Ga3*. The objective of this work was to develop
a new method for the determination of the radionuclidic purity [1] of
%8Ga, allowing a fast determination of the %8Ge breakthrough in %8Ga
eluates.

Materials and methods: The method to evaluate the %Ge impurity
in %Ga samples recommended by the European Pharmacopeia is to
measure the activity of 68Ga eluted from the generator, allow 24 h
decay and measure the same sample. All 3Ga activity will come from
the decay of ®Ge, so the level of %®Ge is calculated. The proposed
methodology was based on the different behaviour of Ge and Ga in
thin layer/paper chromatography [2]. Several solvents and strips were
tested, as well as different solutions added to the spot point to inter-
act with the species. The detection and quantification limits were cal-
culated for the best system to evaluate the possibility of reaching the
maximum level of %Ge given in the monograph.

Results: The best system was achieved using TLC-SG-IB-F strips, ace-
tone as solvent and a solution of 3 mol L= HCl added to the spot point
of the strip. The retention factors were 0.1 for ®Ge and 0.5-0.6 for ®3Ga,
allowing to cut the strips into 2 pieces for measuring in the detector.
The detection and quantification limits showed that the strip sample
could be measured 2 h after the beginning of the quality control pro-
cedure, then correcting to the full growth of ®Ge. Samples were meas-
ured using the traditional and the proposed method and the values
were similar.

Conclusions: The proposed method is simple, fast and allow the eval-
uation of the ®8Ge impurity in samples of ®Ga freshly eluted from the
generators.
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Aim: Radiolabelled somatostatin analogues targeting tumors overex-
pressing somatostatin receptors (SST) are powerful tools in managing
patients with neuroendocrine neoplasms (NENs). Although SST ago-
nists, labelled with technetium-99m or gallium-68, are currently estab-
lished diagnostic tools for imaging NENSs, there is an extensive ongoing
development of radiolabelled SST antagonists. The advantages of
%8Ga-labelled SST antagonists have been recently demonstrated (1).
Quantitative imaging with single-photon emitting *™Tc-labelled SST
antagonists can be widely available and might represent a significant
advancement in the management of NEN patients.

Here we describe the preclinical and pharmaceutical development of
the SST antagonist [**™c]Tc-TECANT1 and the first results of the feasi-
bility clinical study.

Materials and methods: Two compounds (N4-LM3 and N4-p-Cl-
BASS) were successfully radiolabelled with technetium-99m and
compared with in vitro and in vivo tests (2). The kit formulation with
N4-LM3: p-Cl-Phe-cyclo(D-Cys-Tyr-DAph(Cbm)-Lys-Thr-Cys)-D-Tyr-
NH2 (TECANT1) was developed and manufactured in compliance with
cGMP requirements (3).

Ten patients with advanced NEN and confirmed SST positivity were
enrolled in the phase | multicenter clinical study (EudraCT No: 2019-
0033779-20) assessing the safety, tolerability, pharmacokinetics,
dosimetry, and NEN targeting properties of [*™Tc]Tc-TECANT1.
Results: Based on extensive preclinical studies the most promising
SST antagonist TECANT1 was selected for clinical translation as an
investigational medicinal product (IMP). The final composition of the
freeze-dried 3-vial kit was established. The kit formulation was suc-
cessfully adapted for three GMP grade batches that met all predefined
specifications, based on several Ph. Eur. monographs and guidelines.
These include those for the kit itself and those related to the radiola-
belled product.

The subsequent clinical feasibility study confirmed the safety of [*°™Tc]
Tc-TECANTT. [®®™Tc]Tc-TECANT1 showed a rapid distribution with pre-
dominant renal excretion and a very high detection rate in all exam-
ined patients. In most cases a higher contrast was achieved with
[®*™c]Tc-TECANT1 in comparison to %8Ga-SST agonists, the current
gold standard in NENs imaging.

Conclusion: Within the TECANT project (ERA-PER med), the *™Tc-
labelled SST antagonist TECANT1 was selected for clinical translation
based on its favorable preclinical data. The 3-vial kit formulation was
successfully translated into the clinical setting.

We consider that the [**™c]Tc-TECANT1 development may be the key
to a reliable assessment of the SST status (primary focus/metastasis)
and will be important for improving personalized NEN management.
The final results of the clinical study are pending.
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Aim: The use of natural palladium for treating disease is well
researched, and a number of Pd-complexes exist that are anti-viral,
anti-fungal, anti-microbial and anti-cancer [1]. The use of radioactive
palladium however, is not widespread except for the use of 'Pd-
seeds for brachytherapy treatment of prostate cancer [2] and rare
reports of radiolabeled '*Pd- or '%°Pd-compounds [3]. The palladium
complexation techniques can be adapted to the use of radioactive
palladium and therefore great potential exists for the incorporation of
this metal into new radiopharmaceuticals.

Palladium-103 (t;,,=17 d) decays to Rhodium-103m (t;,=56 min)
to stable Rhodium-103 via electron capture with the releases of low-
energy Auger electrons that are suitable for targeted Auger electron
therapy [4].Palladium-109 (t;,,=13.7 h) decays by B-particle emission
to Silver-109m (t;,,=39.6 s) and then to stable silver-109 by emis-
sion of gamma-rays with conversion and Auger electrons [5]. The
199pd-emissions make this radionuclide potentially suitable as a ther-
agnostic agent for Beta and Auger electron therapy, as well as SPECT
and Cherenkov luminescence imaging (CLI). The current study aimed
to investigate the '%Pd- and '%Pd-labelling of functionalized cyclam
macrocycles, as well as evaluating the capacity of '®Pd-radionuclide
for CLI and SPECT imaging, both in vitro and in vivo.

Materials and methods: Palladium-103 was obtained through pro-
ton irradiation and processing of a rhodium foil target while Palla-
dium-109 was obtained from neutron irradiation of a 94% enriched
Pd-108 metal target. '©Pd/'®Pd-radiolabelling of functionalized
cyclam compounds was done under various time, temperature and pH
conditions in NH,Oac (0.1M) or PBS (0.01 M). In vitro CLI of ['*Pd]PdCl,
was done as a 1:2 dilution series in a 24-well plate at half-life appro-
priate time points. SPECT/CT imaging of ['®®Pd]PdCl, phantoms was
done according to manufacturer specifications with uniformity and
sensitivity analysis. For in vivo CLI and SPECT/CT imaging, ['°°Pd]PdCl,
was administered to nu/nu mice with imaging for 5 min and 30 min,
respectively, at 1,4 and 24 h.

Results: '®Pd- and '%°Pd-complexes were obtained in an 83% and
97% radiochemical yield (>95% radiochemical purity), respectively at
pH 4, 90 °C, 30 min in NH,Oac and pH 7, 23 °C, 15 min in PBS. ['%°Pd]
PdCl, exhibited excellent in vitro CLI properties but poor uniformity
and low sensitivity on SPECT/CT phantom imaging. However, in vivo
studies indicated that '®Pd-radionuclides can be visualized through
both CLI and SPECT imaging techniques.

Conclusion: The successful macrocyclic complexation of palla-
dium-103 and -109, and the CLI and SPECT images obtained for ['%°Pd]
PdCl,, indicated that these radionuclides can be incorporated into
various ligands for the development on new radiopharmaceuticals for
targeted Auger electron therapy or theranostic applications.
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Aim: 6-L-["®F]fluoro-3,4-dihydroxyphenylalanine (6-L-['®FIFDOPA) is a
commonly used PET tracer for the detection and staging of neuroen-
docrine tumors and for the diagnosis of Parkinson’s diseasel". To sat-
isfy the increasing demand for 6-L-['F]FDOPA in clinical practice, we
aimed to develop an automated GMP—compliant method for the syn-
thesis of 6-L-['"®F]FDOPA in high yields.

Materials and methods: 6-L-['®FIFDOPA was prepared via a one-
pot Cu-mediated '®F-fluorination on an IBA Synthera® module, fol-
lowed by acidic removal of the protecting groups (Fig. 1). To improve
the radiochemical yield of the radiosynthesis the temperature and
time during fluorination were optimized (100-150 °C; 15-30 min). The
radiochemical conversion yield(RCC) was assessed by TLC-SG (eluent:
ethyl acetate/n-hexane, 1:1, v/v). Various HPLC eluents and columns
(single and in sequence) were tested for improving the purification
of 6-L-["8F]FDOPA. The radiochemical purity (RCP) of the final product
was assessed by UPLC (column: ACQUITY UPLC® HSS T3, 1.8um, 3.0mm
x 50mm; eluent: 0.05M NaH,PO, pH=2.5; flow: 0.8 ml/min). For assess-
ing the end product’s enantiomeric purity, a chiral column, Chirobotic
T 5um4.6 x 250 mm; eluent: 90% methanol; flow:1.7ml/min) was used.
Results: The Cu-mediated '®F-fluorination was obtained with the
highest RCC of 53% at 140 °C for 30 min. Temperatures higher than
140 °C did not improve the yield due to the decomposition of the
product. Additionally, when heated for 15 min at 110 °C followed by
15 min at 140 °C, the RCC increased to 65%. In the purification step
of 6-L-['®FIFDOPA, when using a single column (Agilent ZorbaxSB or
Hamilton PRP-1) the overall radiochemical yield (RCY % n.d.c) was
20%; with a RCP <92%, and the amount of DMA of 1.35 g/L (n=5) or
0.93 g/L (n=5), respectively, which were not within QC release criteria.
However, when the purification of 6-L-['®FIFDOPA was performed with
both HPLC columns in series (Agilent ZorbaxSB - C18, 5 um, 10 x 250
mm and Hamilton PRP-1, 10 um, 10 x 250 mm; eluent: 4% ethanol:
water containing 0.1% acetic acid) this lead to an overall RCY of 25%
with a RCP>95% containing 0,27 g/L of DMA (Release criteria<1 g/L)
and enantiomeric purity of 99% (n=>5).

Conclusion: We now have an optimized fully automated GMP-compli-
ant synthesis of 6-L-['8F]FDOPA in the IBA Synthera module that fulfills
all release criteria and is suitable for clinical use.
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Fig. 1 Schematic representation of one-pot production of 6-L-['F]
FDOPA.
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Aim: Silver-111 (t;,=7.47 d) exhibits both medium-energy B—(an
max = 1.04 MeV) and low-energy y (EV: 245.4 keV, l,=1.24%;E,=342.1
keV, I, =6.7%) emissions with promising potential for targeted radio-
nuclide 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 sil-
ver-111 is heightened by the presence of a positron-emitting counter-
part (silver-103; t,,,=65.7 min, EB+ =2.4 MeV), thereby endowing this
element with true theranostic potential [1]. 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 materi-
als [2]. 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 Pd**
onto an extraction chromatographic LN Resin was assessed by deter-
mining the weight distribution ratios (D,,) over a wide range of HCI
concentrations. Then, a separation process involving LN and TK200
resins was first developed for Ag* and Pd** cations in conditions
mimicking a real silver-111 production. The effectiveness of the sep-
aration was assessed by ICP-OES. Silver-111 (0.6 MBq) was produced
via the ""°Pd(n,y)'""Pd nuclear reaction on a natural palladium target
and the subsequent 3 —-decay of palladium-111 at TRIGA Mark I
nuclear research reactor (LENA, Pavia, Italy) [3]. The separation pro-
cess developed for the non-radioactive counterpart was translated to
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the purification of produced silver-111 from the palladium target. The
effectiveness of the separations was confirmed by y-spectrometry.
Results: Silver-111 retrieval was afforded in 10 mL of pure water. Over-
all recovery was >90% with a radionuclidic purity >99% and a separa-
tion factor of around 4.21-10~* from palladium.

Conclusion: 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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Aim: The cellular metabolic reprograming in cancer cells has been
seen as an opportunity to develop new radiopharmaceuticals for can-
cer imaging and therapy [1]. O-(2-["®fluoroethyl)-L-tyrosine (['®FIFET)
and 2-deoxy-2-['®F]fluoro-glucose (['®FIFDG) are two prime examples
of clinically employed radiopharmaceuticals targeting the enhanced
metabolism of tumoral cells. ['8F]FET has been mostly applied in brain
tumors whereas ['®F]FDG has a broad field of applications, being the
most widely used PET radiopharmaceutical [2]. Many amino acid trans-
porters are overexpressed in cancer cells, and the dysregulation of
amino acid uptake impacts the mTOR signaling pathway, initiating a
snowball effect and resulting in uncontrolled amino acid consumption
and cell growth [3, 4]. Still, very few amino acid radiotracers have been
reported and fewer with metallic cores.

Materials and methods: We have previously developed fac-[*™Tc]
[Tc(CO)3(k3—Pz—L—Arg)]+, a technetium-99m complex based on the
amino acid L-Arginine for targeting NO/NOS-related pathways [5]. This
complex exhibited moderate levels of time-dependent internalization
in three human tumoral cell lines, which seems to be linked to cationic
amino acid transporter 1 (CAT1). Furthermore, the radiocomplex is
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stable in human plasma and is not cytotoxic in the tested cancer cells.
This arginine-containing **™Tc-labelled organometallic complex paved
the way towards the development of a family of complexes based on
cationic amino acids with potential for targeting cationic amino acid
transporters such as CAT1 and amino acid transporter B (ATB% ™).
Results: Herein, we will report on the (radio)synthesis and charac-
terization of new %*™c(l)-complexes of the type fac-[**™Tc][Tc(CO);(k3-
Pz-Aa)lt (Aa=L-Arg, D-Arg, L-Lys, D-Lys, L-His or D-His) complexes, in
which the amino acids are presented in both optical isomer forms. Cell
uptake and internalization studies of all six complexes in four different
cancer cell lines will be presented and compared with a control com-
plex without pendant amino acids. The tested cell lines were selected
based on the relative expression of the amino acid transporters CAT1
and ATB%*. All amino acid-containing complexes have shown higher
uptake and internalization than the control complex, suggesting
an amino acid transporter mediated mechanism. A preliminary bio-
distribution study in Balb/c nude mice with A549 xenografts of the
best performing complex, fac—[”"‘Tc][Tc(CO)3(k3—L—His)]+, will be also
described and discussed.

Conclusion: Overall, L-Histidine-based complexes present bet-
ter results than other complexes and are promising tools for cancer
imaging.
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Aim: Molecular imaging is widely used for visualizing, characterizing,
and measuring various physiological and abnormal biological pro-
cesses at both molecular and cellular scales in preclinical and clinical
levels (1). The assessment, targeting, and therapeutic efficacy of SPECT,
PET, and alpha-emitting isotopes through non-invasive, in vivo screen-
ing are crucial in laboratory routines. Additionally, alpha and beta
emitters demonstrate significant potential as therapeutic agents in
clinical settings (2,3). Understanding radiopharmaceutical biokinetics
through multimodal, in vivo imaging with short time frames, starting
from time-zero post-injection, can open new horizons for various bio-
logical applications. Rapid screening of multiple compounds can sig-
nificantly reduce the time required for conducting a study.

Materials and methods: Experiments were conducted with three
dedicated benchtop planar scintigraphic devices. y-eye™ and y-eye™
large field of view (LFOV) were used for SPECT and alpha-emitting iso-
topes detection, while B-eye™ for PET isotope acquisitions.

For in vivo studies, copper-67 and indium-111 were intravenously
administered to SKH-1 hairless albino mice with different tumor sizes,
and 10 min static acquisition protocols for 7 successive days were used
in y-eye™ and y-eye"" LFOV, respectively. Lead-212 was administered
in an SKH-1 mouse model bearing a tumor, and 10 min static imaging
protocol was performed with y-eye™ using a high energy collimator.
Finally, fluorine-18 was administered to a C57BL/6 healthy mouse for
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a sixty-minute dynamic imaging for zero-time point and a ten-minute
static imaging for bone accumulation detection.

Results: In vivo studies have revealed the feasibility of successful
different targets detection using diverse modalities across various
experimental conditions. Specifically, in mice administered with cop-
per-67 and bearing non-orthotopic tumors, the tumor was detectable
at multiple time points, highlighting the effectiveness of the y-eye™
system in long-term tumor monitoring. Additionally, imaging of four
mice with tumors of different sizes, administered with indium-111 and
scanned using the y-eye™ LFOV, proved the ability to simultaneously
scan several mice, enabling visual identification and quantification
for direct comparison. The study involving tumor model adminis-
tered with lead-212 suggested that y-eye™ can reliably spot very low
activities of alpha-emitters, serving as a valuable tool for their accurate
detection and quantification. Finally, the fluorine-18 study in B-eye™
demonstrated that monitoring the kinetics of an isotope from the ini-
tial blood flow to final accumulation can be easily conducted through
small-frame dynamic acquisition.

Conclusion: Results indicate that “eyes-series” devices can be used as a
valuable tool in preclinical research, enabling the efficient fast screen-
ing of newly developed drugs in vivo on several different applications.
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Aim: Alpha and beta emitters exhibit significant potential as thera-
peutic agents in clinical settings. (1, 2). Novel radionuclide-based
compounds like lead-212 and actinium-225 are undergoing preclini-
cal testing for future radiopharmaceutical development. Quantitative
imaging of such compounds is possible via imaging of the gamma
rays produced by complex decay schemes. Understanding the alpha
and beta emitting radiopharmaceuticals biokinetics, in preclinical
studies, is of major importance to evaluate its safety and efficacy (3,
4). Here, we present in vivo and phantom imaging studies of lead-212
and actinium-225.

Materials and methods: In vivo animal studies were performed
on a dedicated bench top, mouse-sized, planar scintigraphy system
(y-eyeTM, BIOEMTECH, Greece). The system’s ability to quantify activity
variations was assessed using phantom experiments. It uses position-
sensitive photomultiplier tubes, a Csl(Na) pixelated scintillator, and a
high-sensitivity tungsten collimator with hexagonal holes for multiple
gamma-emitting isotopes.

To evaluate system'’s sensitivity to activity variations, three cylindri-
cal phantoms filled with lead-212 and actinium-225 were imaged. A
mouse phantom (fillable mouse phantom, BIOEMTECH, Greece) with
different isotope activities was used to further assess the system’s
accuracy.

In vivo lead-212 static scans with 10 min duration were performed at
different time points, providing information on the distribution on
the same animal. The total administered activity was<1 MBq. During
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imaging, mice were anesthetized using isoflurane, under constant
temperature (37° C).

Results: Phantom studies results showed the capability of y-eye™ to
obtain accurate quantitative information of alpha emitting radiophar-
maceuticals distribution in preclinical studies.

In vivo studies proved that successful tumor targeting with a 2'2Pb-
labelled compound is feasible in low activity and limited-time scans.
Conclusion: Non-invasive imaging of alpha emitters, by detecting
their gammas and positrons, can lead to a derived imaging method.
Specialized scintigraphy tools enable long-term tracking, potentially
speeding up preclinical research.
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Aim: Microwave-assisted synthesis has been proven to be a highly
effective method for a wide range of chemical transformations that
require a heating source [1]. The short half-life of most used radionu-
clides for Positron Emission Tomography (PET), carbon-11, gallium-68,
and fluorine-18, accentuates the crucial need of decrease the reaction
times and enhance the yields. Application of this technology in radi-
opharmaceutical synthesis has been reported and shows higher yields
and selectivity than the corresponding conventional heating (CH)
source [2-4].

The main goal of this work was to implement the use of microwave
heating (MH) in key steps of radiopharmaceuticals synthesis for PET
imaging, such as ['®FIFDG, ['8FIFDOPA, [%8Ga]Ga-DOTANOC, [%Ga]Ga-
PSMA and [''CJUCB-J.

Materials and methods: No-carrier-added ['®FIfluoride and [''CICO,
were produced by an IBA Cyclone® 18/9 cyclotron. [%GalGaCl; was
obtained from a GalliaPharm® Ge-68/Ga-68 Generator from Eckert &
Ziegler Radiopharma. The radiolabeling reactions were performed in
a PET-Wave Discover® from CEM [''C]CH,l was produced at a Synthra®
["'Clcholine.

Results: Azeotropic drying of K['8F]F- and '®F-fluorination of mannose
triflate (['8FIFDG precursor) were performed at a microwave (MW) cav-
ity given a conversion of 78% in 40% of the time, when compared with
conventional heating (CH) procedure.

Concerning the production of ['®FIFDOPA, one of the most complexes
synthesis processes at the moment, fluorination of 6-nitroveratralde-
hyde was performed with MW heating, with a conversion of 100%,
in less 60% of the time. Acid hydrolysis of protected ['F]FDOPA with
HCl or HI (37%), was also performed in 4 min, instead of 20 min by CH,
which results in a reduction of 84% in the reaction time.
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The setup was also tested in the radiolabelling of peptides, such as
DOTANOC and PSMA-11 with [68Ga]GaCI3, achieving 100% of labelling
yield in 1.5 min, instead the 10 min needed with CH (reduction of 85%
in time) [5].

Another challenging process was the radiosynthesis of [''CJUCB-J,
performed via Suzuki-Miyaura cross-coupling mediated by a palla-
dium (0) catalyst [6,7,8]. The microwave-assisted reaction was per-
formed in 4.7 min (instead of 10 min by CH). The full synthesis process
was implemented at ICNAS-P, yielding ['"CIUCB-J, with a global pro-
cess RCY of 53%, molar activity of 369.7 GBg/umol and 100% of the
(R)-enantiomer.

Conclusion: The use of microwave heating in radiosynthesis gave
good radiochemical yields in a significantly shorter reaction times
than conventional heating in all tested reaction steps. These results
indicate that microwave technology could offer a substantial advan-
tage in the synthesis of radiopharmaceuticals with application in PET.
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Aim: In radiopharmacy, advancements hinge on the accessibility of
appropriate radionuclides for use in therapeutic, diagnostic, or dual
applications. The potential breakthrough in PET diagnostics lies in the
successful establishment of a *Ti/**Sc generator system. With a half-
life of 60 years, titanium-44 decays to scandium-44, a positron emitter
with a favorable half-life of 4 h. If such a generator system is devel-
oped, it could remain operational for several years, if not decades. This
extended operational lifespan would streamline the clinical availabil-
ity and reduce costs associated with PET diagnostics globally. Despite
the promising prospects, the development of a successful prototype
has yet to materialize due to challenges such as titanium-44 break-
through, long-term radiation damage, and low scandium-44 yields.
Therefore, due to previous flaws of adsorption-based generator sys-
tems we have decided to investigate novel concepts for developing a
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#Ti/*Sc generator. One of these concepts includes use of nano-par-
ticles enriched with titanium-44 that hasn't been tested before. This
approach would potentially allow us to develop a solid state generator
system that would have the needed long-term chemical and radiation
stability coupled with a high yield of scandium-44.

Materials and methods

Nano-particle synthesis

Gamma spectroscopy

TEM/SEM

EDX

Results: Pending/to be presented

Conclusion: Up to now, various concepts for *Ti/**Sc generators
have been documented. However, due to inherent issues, such as an
undesirable chemical form of eluent or the occurrence of titanium-44
breakthrough, none have received approval for medical applications.
This situation underscores the need for enhancements and novel
approaches in the pursuit of a stable **Ti/*Sc generator, with potential
applications in nuclear medicine. The existing reserve of titanium-44
at PSl arises incidentally from the operation of the institute’s extensive
research facilities. Consequently, additional quantities can be gener-
ated without requiring extra ion beam time. The successful develop-
ment of a “Ti/*Sc generator could facilitate uncomplicated access to
scandium-44 without additional expenses, transforming it into a sus-
tainable and entirely recyclable product.
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Aim: The overexpression of translocator protein (TSPO) is associated
with various central nervous system diseases.[1] Me-DPA is a TSPO-
ligand with promising binding properties towards radiotracer devel-
opment such as high affinity and selectivity.[2] Previously, [''CIMe-DPA
has been radiolabelled using an in-house built fixed-line device that
requires manual steps.[3] Although GMP radiopharmaceutical produc-
tion is heading towards cassette-based syntheses, carbon-11 labelled
tracers are lagging behind in that regard. Our aim was to automate the
synthesis of [''C]Me-DPA using the cassette based synthesis module,
Trasis AllinOne (AlO).

Materials and methods: The [''CIMel was produced from [''C]CO,
using the “wet-method” (Fig. 1).[4] The [''CIMe-DPA was synthesized
via the Suzuki-Miyaura coupling reaction.[3] The reaction mixture was
purified by semi-preparative HPLC and the final product was analyzed
with radio HPLC. The synthesis was performed fully automated.
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Fig. 1 Synthesis of [''C]Me-DPA [3,4].

Results: The automated sequence developed on AIO was tested with
starting activities from 25 to 47 GBq. The [''C]Me-DPA was synthesized
in 60 min with a radiochemical yield of 3-5% (calculated from the [''C]
CO, starting activity and decay corrected to the start of synthesis) and
a radiochemical purity of >99%.

Conclusion: ['"CIMe-DPA was successfully synthesized with Trasis
AlllnOne in a cassette. Although the synthesis was successfully auto-
mated, the [''C]Mel production and the HPLC purification require fur-
ther optimization.
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Aim: Peritoneal carcinomatosis (PC) is a relatively common condition
in the advanced stages of many cancers, where malignant tumor cells
spread from the organ of origin to the peritoneum. The impact of PC
is global, affecting approximately 25,000 individuals in Italy and 1.4
million worldwide every year, with mostly negative outcomes [1]. The
aim of this study is to identify a treatment strategy focused on increas-
ing the life expectancy of patients with PC, overcoming the challenge
associated with the marked genetic instability of tumor cells, which
is incompatible with the receptor-targeted and antigenic therapies
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currently proposed [2]. The radionuclide copper-64 was employed in
the form of [64Cu]CuCI2 to achieve this objective. It has been shown in
recent studies that copper, in its ionic form Cu?*, can accumulate at
significantly higher levels in tumor cells than in healthy ones, which
makes its cytotoxic effect highly specific. This effect can be achieved
by exploiting the nuclear decay characteristics of copper-64 (t,,, 12.7
h; Egmean 278 KeV; Eg_can 191 keV; Auger emission) [3,4].

Materials and methods: Human tumor cell lines related to the devel-
opment of peritoneal metastases (VDA-MB-231, human breast adeno-
carcinoma 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 exposed to different
activities of [%*Cu]CuCl, (10 pCi/mL; 100 pCi/mL; 250 pCi/mL) to assess
their uptake and the antiproliferative and cytotoxic effects. For this
purpose, an analysis was conducted to determine the level of ®*Cu-
incorporation in the nucleus and cytoplasm. Subsequently, in vitro
studies on cell viability (XTT assay), apoptosis, and necrosis (Annexin
V/SYTOX assay) were conducted after 72 h and 96 h of treatment.
Results: A greater uptake of the [#*Cu]CuCl, was observed in the
tumor lines than in the healthy ones and, in particular, a greater locali-
zation at the nuclear level. Following exposure to different activities of
[64Cu]CuCI2, a greater reduction of the viability in carcinoma 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 line.
Conclusion: Our preliminary results confirm the increased uptake of
[54Cu]CuClI2 within the nucleus of cancer cells and suggest the ability
of the radiopharmaceutical to cause cell death through the induc-
tion of apoptosis. Further studies to evaluate the antiproliferative and
cytotoxic effects of [**Cu]CuCI2 using higher activities of copper-64 are
currently ongoing.
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Aim: Theranostics and nuclear medicine have been working together
for a long time. The theranostic method has made personalized medi-
cine possible. Molecular imaging with isotopes helps identify patients
more likely to benefit from treatment. It also helps determine the
best medication dosage for the patient and ensures proper follow-
up for therapy. One of the aims is to predict and evaluate the clinical
response, such as overall survival and progression-free survival. For
instance, Positron Emission Tomography—Computed Tomography
(PET/CT) scans with ['®FIFDG (fluorodeoxyglucose) help predict the
outcome of conventional chemotherapy and targeted therapy.

PSMA-radioligand therapy (PSMA-RLT) is a promising treatment
modality for prostate cancer (PC). It involves the administration of
the '7Lu-labeled prostate-specific membrane antigen (PSMA) ana-
logue (["7Lu]Lu-PSMA-617)cancer cells specifically. This theranostic
approach is practical, and PET/CT using either gallium-68 radiolabeled
PSMA analog (°®GalGa-PSMA-11) can confirm the presence of the
therapeutic target and tumour uptake. Lutetium-177 is characterized
by a therapeutic beta-emission and a gamma-emission that enables
post-therapeutic SPECT imaging (single photon emission computed
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tomography). The practical implementation of the treatments has pro-
gressed from clinical research to marketing authorization.

Materials and methods: ['”’Lu]Lu-PSMA, marketed as a single dose
format, may require dose adjustments. Using an automated system
reduces the exposure of agents during the highly irradiant stages of
dose preparation. The medicinal product administration procedures
have also been optimized to minimize the exposure of medical and
paramedical workers involved. Diagnostic PET imaging involves the
administration of [8Ga]Ga-PSMA-11 analog. Extemporaneous prepa-
rations are necessary due to the radionuclide’s fast decay. The evolu-
tion of clinical research towards nuclear medicine departments has
simplified the labeling procedure, initially by industrial good manufac-
turing practice. These preparations involve high-energy radionuclides,
making it necessary to use the most automated techniques for labe-
ling and patient dose preparation.

Results: More than twenty-two patients underwent the ["7Lu]Lu-
PSMA radioligand therapy with more than eighty treatment cycles
during the last six years at our institution.

Conclusion: The treatment resulted in a significant enhancement in
patients’ quality of life. Our successful results encouraged several other
local institutions to plan and use the ['77Lu]Lu-PSMA therapy. Nuclear
medicine therapy, not only at our institution but also in all of Saudi
Arabia, is undergoing a new dynamic. Thus, identifying new molecu-
lar targets may enable isotopic theranostic treatment for other cancer

types.
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Aim: [®®Ga]Ga-NODAGA-Exendin-4 is a novel radiopharmaceutical
drug for TEP imaging of benign insulinoma. In France, compassion-
ate use of [*®Ga]Ga-NODAGA-Exendin-4 is allowed by current regula-
tions. [*®GalGa-NODAGA-Exendin-4 synthesis requires submission and
expertise of an investigational medical product dossier (IMPD). In this
context, we have developed in situ radiolabelling, using acetate buffer
instead of HEPES, generally described in publications.

Materials and methods: The radiolabelling is automated on a TRASIS
miniAlO® using single-use cassettes. The following steps and param-
eters were developed and optimized: 68Ga eluate cationic prepurifica-
tion, pH in the reaction medium and buffer optimum concentration,
cooling andfinal HPLC purification using a C18 column. All reagents
used were European Ph. Grade. ["’8Ga]GaCI3 was obtained from a Gal-
liaPharm® E&Z generator. Radiochemical purity of final product was
performed using validated radio-HPLC method and must be higher
than 95%.

Results: The 10 ug peptide NODAGA-Exendin-4 previously reconsti-
tuted in 100 pL wfi is first placed in the reaction vial, prepared with 50
ug of ascorbic acid and 1 mL of sodium acetate buffer 1M. The gen-
erator is then eluted with 5 mL of HCl 0.1M. The gallium-68 eluate is
purified on a SCX cartridge, eluted with 1.5 mL of NaCl 5 M in HCI (0.1
M). The reaction takes place at 100 °C for 15 min. After labelling, 2 mL
of EDTA (50 mM) and /polysorbate 20 (0.15%) solution are added into
the reaction vial. After cooling, the solution is then purified on a HLB
cartridge. Desorption of [*®Ga]Ga-NODAGA-Exendin-4 is achieved by
washing with 1,6 mL of ethanol/water 60:40 (v/v). The final product
is formulated for intravenous injection with NaCl (0.9%) by passing
through a 0.22 pm sterilizing filter.

Three synthesis were realized in those final conditions. The mean final
activity was 459 MBq (ranging from 455 to 465 MBq) corresponding
to a decay-corrected radioactive synthesis yield of 46.3% (44-48%). The
radiochemical purity was always higher than 95%, with a mean of 97%.
Conclusion: These conditions allow radiolabelling of NODAGA-
Exendin-4 in sodium acetate buffer with a reliable synthesis process.
The final activity and purity are compatible with clinical use. The next
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step will be to prepare an IMPD to obtain authorization for clinical use,
according to the French compassionate access.
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Aim: Pretargeted radioimmunotherapy of cancer has the potential
to increase tumor-specific uptake of activity when compared with
conventional radioimmunotherapy [1, 2]. This is especially true in
a-radioimmunotherapy with nuclides that exhibit a relatively short
half-life, like astatine-211 (t;,=7,2 h) [3, 4. When administering
antibody-based pretargeting molecules systematically, the antibodies
often exhibit a relatively slow clearance from the blood [5, 6]. There-
fore, the use of a clearing agent is advantageous to remove unbound
pretargeting molecules from the circulation, facilitating a reduction in
the non-specific radiation exposure to normal tissue while maximizing
the dose delivered to the tumors [7].

Materials and methods: In the current study, two types of poly-L-
lysine based clearing agents were produced for two different pretar-
geting systems: (strept)avidin/biotin and tetrazine/transcyclooctene.
Poly-lysine is available in multiple sizes for optimization of the clearing
abilities and can readily be modified with several functional groups,
allowing for different pretargeting strategies to be used..

Results: In vivo evaluation of biotin-functionalized poly-lysine clear-
ing agent (110 repeating units) resulted in a decrease in blood con-
centration of the iodine-125 labelled pretargeting agent of 50%, circa
23 h after injection, compared to controls. Two sizes of tetrazine-
functionalized poly-lysine clearing agents were also evaluated (68 and
143 repeating units), which at 23 h decreased the blood concentra-
tion of the iodine-125 labelled pretargeting agent to 58% and 38%,
respectively.

Conclusion: The straightforward synthesis of poly-lysine based clear-
ing agents makes kit preparation possible and these agents show
good potential for further evaluation, especially within the etrazine/
transcyclooctene pretargeting system, where no liver or kidney accu-
mulation was observed.
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Aim: Angiogenesis is a vital process responsible for a nutrition sup-
ply in cancer development and invasiveness. One of the key factors
determining angiogenesis is vascular endothelial growth factor (VEGF)
and its receptors (VEGFRs), particularly VEGFR2. Therefore, angiogenic
process is targeted by inhibitory compounds including VEGF block-
ing molecules or VEGFR2 activity supressing factors like monoclonal
antibody ramucirumab (RAM). The fully humanized RAM targets the
extracellular receptor binding site and hence prevents interactions
with natural VEGF ligands. Besides FDA and EMA approved therapeutic
application, RAM has the potential for imaging or improved therapeu-
tic effect of VEGFR2-positive tumours. The presented study summa-
rizes the achieved results in the preparation and in vitro and in vivo
characterization of #°Zr- and '®'Tb-labelled ramucirumab for PET imag-
ing and therapy targeting of VEGFR2 positive cancer processes.
Materials and methods: Ramucirumab was conjugated with either
p-SCN-Bn-deferoxamine (DFO, 89Zr-labelling) or p-SCN-Bn-DOTA
(DOTA, '®'Th-labelling). The purified immunoconjugates were further
labelled with radionuclides. The binding ability of prepared [#°Zr]Zr-
DFO-RAM and ['®'Tb]Tb-DOTA-RAM to the target receptor was tested
in vitro on equilibrium dissociation constant (K;) assessment in human
prostate adenocarcinoma (PC-3) and ovary adenocarcinoma (SKOV 3)
cell lines. Ex vivo biodistribution and the PET/CT imaging (¢°Zr-labelled
RAM only) experiments followed in BALB/c mice (noncancerous) and
SCID (PC-3 or SKOV-3) xenografts in selected timepoints.

Results: Ramucirumab was conjugated with either p-SCN-Bn-deferox-
amine (DFO, #Zr-labelling) or p SCN Bn DOTA (DOTA, '$'Tb-labelling).
The purified immunoconjugates were further labelled with radionu-
clides. The binding ability of prepared [¥Zr]Zr-DFO-RAM and ['®'Tb]
Th-DOTA-RAM to the target receptor was tested in vitro on equilibrium
dissociation constant (KD) assessment in human prostate adenocar-
cinoma (PC-3) and ovary adenocarcinoma (SKOV 3) cell lines. Ex vivo
biodistribution and the PET/CT imaging (¥Zr-labelled RAM only)
experiments followed in BALB/c mice (noncancerous) and SCID (PC-3
or SKOV-3) xenografts in selected timepoints.
Radioimmunoconjugates were prepared in the excellent radiochemi-
cal purity (>95%). In vitro experiments found a strong binding affin-
ity for [*°Zr]Zr-DFO-RAM (K4=65.8 (£4.2) and 37.6 (£7.3) nM) and
['$'Tb]Tb-DOTA-RAM (K4 = 28.1 (+4.9) and 24.6 (+7.0) nM) in PC 3 and
SKOV 3 cells, respectively. The acquired biodistribution data of 89zr1Zr-
DFO-RAM showed the uptake in PC-3 and SKOV-3 tumours at about
8.7 (£0.2) and 12.1 (£ 1.6) % ID/g respectively. PET/CT images showed
high activity accumulation in tumour on the 1st day p.i. The prelimi-
nary biodistribution data with ['*'"Tb]Tb-DOTA-RAM demonstrated
dominant accumulation in lung, liver and spleen (7.0 (£ 1.6), 5.3 (0.9)
and 3.6 (£2.0) % ID/g) at 72 h p.i.

Conclusion: According to our findings, [¥°Zr1Zr-DFO-RAM proved high
binding ability to the target receptor both in vitro and in vivo, which
makes this radiopharmaceutical a promising tool in PET/CT imaging of
VEGFR2-positive tumours. '*'Tb-labelled RAM also demonstrated high
receptor interaction and standard biodistribution pattern in mice pav-
ing the way for its VEGFR2-positive tumour targeting experiments in
xenografts.
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Aim: An emerging strategy for treatment of cancers is Targeted
a-Therapy. The radiohalogen astatine-211 (t,,=7,2h), appears to be
amongst the most promising alpha emitters. Despite encouraging initial
clinical applications with N-[>''At]succinimidylastatobenzoate ([*''At]
SAB) as prosthetic group to label antibodies, in vivo trials have shown
that the carbon-astatine bond is weak and leads to release of free asta-
tine into the body which may impair efficacy and patient safety [1,2].
Nevertheless, recent studies have shown that improving the chemical
structure carrying astatine-211 could increase its stability in vivo [3,4].
The aim of this project is to develop new prosthetic groups capable of
improving the stability of astatoaryl compounds. Novel model struc-
tures were designed with hydrogen donor moieties placed in ortho
position of At aiming at stabilizing potentially oxidized and subse-
quently unstable species formed in vivo [5,6]. Hydrogen donors may
also reduce selenocysteine mediated dehalogenation [7]. The objective
was then to compare their stability with the reference [*''At]SAB and
validate improved 2" At-compounds for further biological studies.
Materials and methods: A series of [*''At]astatoaryl compounds
bearing one or two hydrogen donors (-OH, -NH) in ortho position
were prepared based on aryliodonium salt [8] or boronic ester chem-
istry [9] (Fig. 1A). After chromatographic purification, products were
engaged in biochemical stability assays including previously reported
oxidizing/acidic medium, mimicking lysosomal conditions during cell
internalization [5] as well as human and rat liver microsomes to simu-
late cytochrome P-450 degradation metabolism in vivo. The results
obtained were compared with a [2''At]SAB analogue (1) prepared by
the same method (Fig. 1A).

Results: Radiochemical yield (RCY) were respectively 80, 85 and
68% for compounds (1), (2) and (3) from iodonium salts. The boronic
ester method led to a RCY of 97% for compound (4). Stability studies
showed impressive increase in stability, in particular for (2) with only
2% 2""At released after 20 h compared to 100% for SAB reference in
oxidizing medium. Similarly, human and rat microsome lead respec-
tively to a reduced deastatination (2-3%) compared to SAB (6-28%)
after 20 h (Fig. 1B).

Conclusion: This work has enabled led to identication of promising
compounds. In particular, compound (2) exhibits high stability com-
pared with the [2'TAt]SAB reference. Accordingly, a bifunctional ana-
logue allowing for bioconjugation to cancer targeting vector is being
developed for further assessment of stability in animal models.
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Fig. 1 (A) Method for 2''At-labeling of [>'"At]SAB analog (1) and com-
pounds (2), (3) and (4). (B) Stability results for compound (2) compared
with [211At]SAB analog (1).
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Aim: The coordination chemistry of technetium and rhenium is intrin-
sically connected due to their position in the periodic table of ele-
ments and remains under current interest.

Despite the increased general emphasis on PET technology, SPECT
is the first-line imaging modality in nuclear medicine. This is because
SPECT imaging predominantly relies on technetium-99m, which, due
to its ideal physical-chemical properties and convenient availability,
remains the most used radionuclide in clinical practice. To emphasize
the importance of this radionuclide, is the existence of radioactive rhe-
nium congeners (Re-186/Re-188) that for their nuclear features have
been shown to be very attractive candidates for endoradiotherapy.
[1] This makes ®°™Tc and '®Re/'®Re ideal for the development of a
matching theranostic pair that combines diagnosis and therapy.
Thiosemicarbazones (TSC) represent an interesting class of ligands
that form stable complexes with Re and Tc. Most of our research activ-
ity is based on the study of M(N) core (M=Tc, Re).[2,3] Believing in
the potential for developing new radiopharmaceuticals based on the
M(N) core with TSC, here we describe the reactivity of two tridentate
TSC (3-methoxysalicylaldehyde thiosemicarbazone, H2ACO1; 3-meth-
oxysalicylaldehyde N,N-dimethyl-thiosemicarbazone, H2SD8) with the
M(N) core where M is Re and Tc-99m.

Materials and methods: Reactions were performed by reacting 2.5 eq
of H2ACO01 and H2SD8 with the prereduced [ReVNCL,(PPh3),] complex
in the presence of Et;N, in CH,Cl,/MeOH mixture at reflux for 30 min.
Alternatively the [NBu4ReVNCI,] precursor can be used. Complexes
were fully characterized by spectroscopic and spectrometric tech-
niques and single-crystal XRD analysis.

Radiosynthesis were also performed using a two-step procedure. In
solution stability of the 99mTc-complexes were evaluated.

Results: Reactions of thiosemicarbazone ligands, H2AC01 and H2SD8,
with pre-reduced Re precursors led to the formation of pentacoordi-
nate rhenium(V) complexes of general composition [ReN(TSC)(PPh3),]
in good yield. XRD analysis of [ReN(ACO1)(PPh3),] shows a square
pyramidal geometry.

[99"'Tc][TcN(TSC)(PPh3)2] were efficiently prepared at tracer level and
carrier added conditions, and characterized by HPLC comparison with
the corresponding Re complexes. Stability studies revealed that they
are adequately stable in solution (PBS, HS). Both compounds have a
high interaction with serum proteins.

Conclusion: Within the scope of synthesizing complexes aiming at
medical applications, the basic coordination chemistry of the MN core
(M=Re, #MTc) toward tridentate TSCs was evaluated. Stable com-
pounds were efficiently prepared as prototype with potential to be
used in radiopharmaceuticals development. This study deserves fur-
ther investigation.
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Aim: The demand for ®’Cu is high due to recent developments in
radioendotherapy and theranostics. With 100% B~-emission, a half-
life of 61.83 h and a dose point kernel similar to that of the clinically
established '’Lu [1], ¥’Cu is ideal for radionuclide therapy. In addi-
tion, with positron-emitter ®*Cu having a half-life allowing tumour-
dosimetry and excellent imaging properties, precision medicine
theranostics is enabled, a constellation rarely present. In this study,
we aimed to establish ’Cu production at a biomedical cyclotron
via the 7°Zn(p,a)®’Cu nuclear reaction, suitable for in vivo animal
experimentation.

Materials and methods: Bombardments were performed at 16.5 MeV
nominal incoming proton energy (GE PETTrace 860). Target electro-
deposition was based on a method by Engle et al. [2]. Scaling up from
test runs, enriched 7°Zn (97.5%) was electrodeposited to a target thick-
ness of 50 mg/cm?, and bombarded for either 4 or 12 h at respectively
60 and 40 pA. On the next day, the target was dissolved in 6 M HCl,
evaporated to dryness and reconstituted in metal-free water. Solid
phase extraction (SPE) was applied for final purification using two
commercially available resins in series, TK200 and CU-resin (Triskem).
Activity measurements and assessment of radionuclidic purity were
done via y-ray spectrometry. Non-radioactive metal content in the
final product was assessed by ICP-OES. Radiolabelling was performed
by adding PSMA-617 (70uL, 20nmol) in metal-free H,0 to 300uL
87Cu?* reconstituted in NaOAc buffer (pH 4.6) in a glass vial, mixing
thoroughly and incubating at 90°C for 10 min. The final product was
formulated in isotonic saline after purification by C18 SPE (Waters), i.v.
injected (5.1 MBq) into a healthy C57BL6 mouse (12 weeks, 21.5 g) and
subsequently SPECT imaged (40s/ projection,50 ROR, Trifoil SPECT CT)
1h, 24h, 48 and 72h.

Results: Maximum produced EOB activity reached to date was 120
MBgq, of which 94% was recovered for radiolabelling and in vivo test-
ing. Radionuclidic purity at start of synthesis was>99.4%. Specific
activity of purified ®’Cu end product varied from 144-573 MBg/ug in
scale-up experiments. The radiochemical yield of ’Cu-PSMA-617 was
94% after final evaporation and reconstitution in saline. Biodistribu-
tion (Fig. 1) with SPECT revealed high uptake in kidneys and liver fol-
lowed by a washout phase.

Conclusion: We have established production of ¢’Cu. The product
quality is suitable for preclinical investigations, showing that the capa-
bilities of biomedical cyclotrons can be explored for producing radio-
metals of therapeutic interest.
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Fig. 1 Kinetic micro-SPECT/CT/MR of a healthy mouse injected with
7Cu-PSMA-617.
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Aim: Targeted Auger Electron Therapy (TAET) has a great potential to
be the most selective and precise therapy for cancer due to the low
energy (eV-keV) (compared with beta and alpha emitters) and high
Linear Energy Transfer (LET) of Auger electrons. This allows the design
of the therapeutic agents at the cellular level and minimizes unwanted
damage to surrounding healthy tissues. To design the most effective
TAET radiopharmaceuticals, it is crucial to identify suitable radionu-
clides and develop their regular production to enable further studies
with various suitable delivery systems [1].

One of the advantages of Auger electron emitters over other radionu-
clides for therapy is that many suitable candidates can be produced
with low and medium-energy medical cyclotrons (10-20 MeV), which
can allow easy access and clinical-scale production at many medical
centers around the world [2].

Materials and methods: The Life Sciences Division at TRIUMF is
actively exploring the production of research candidates for TAET with
its TR-13 (13 MeV) cyclotron. In addition to radionuclide production,
the TRIUMF group is also exploring novel radiochemical separation
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techniques and developing suitable chelators for the targeted delivery
of candidate radioisotopes using a range of targeting vectors.

Results: Production of pre-clinical quantities of several promising
candidates previously identified in [2] was established. 197"“*'9Hg (ti)
23.8 h(m)/64.1 h(g)), ''®Sb (t,,, 38.2 h), and '®*Er (t, , 10.36 h) were pro-
duced using p, n reaction at TRIUMF’s 13 MeV cyclotron using solid tar-
gets. Radiochemical purification of proposed radionuclides from the
target material was performed using ion exchange, solid phase, and
liquid extraction. A series of commercially available and novel chela-
tors were tested to determine the ideal radioisotope-chelate complex-
ation conditions. Several complexes were transferred to the University
of Toronto for testing their therapeutic potential in vitro and in vivo.
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Aim: In recent years, there has been a considerable increase in stud-
ies aimed at the development of lyophilised (cold kit) formulations
as an alternative to automated synthesis methods for the prepara-
tion of ®Ga-radiopharmaceuticals [1]. Kit based radiopharmaceutical
preparation is not only user friendly, robust and cost-effective but also
offers the convenience of in-house preparation using generator pro-
duced radioactivity. It is these advantages that have contributed to the
extensive use and success of ™ Tc-based SPECT radiopharmaceuticals.
A similar approach that involves simple and efficient radiolabelling
methods and minimal equipment is necessary to improve the techni-
cal and economical feasibility of ®*Ga based PET radiopharmaceuticals.
Commercially available kit based %Ga-radiopharmaceuticals coupled
with market authorized ®Ge/*®Ga generator systems have already
demonstrated the feasibility of such an approach (cyclotron produced
%8Ga can also be used).

Materials and methods: Achieving a lyophilised kit of acceptable
quality requires consideration of all aspects of the design and manu-
facture process [2, 3]. The targeting vectors e.g. DOTATATE are consid-
ered as API's and will have to conform to all requirements of an API
before use in the kit [3]. Process validation evaluates the data that has
been gathered over the product lifecycle to confirm that the process
is able to reliably generate a product to a determined quality stand-
ard. Sterile filtration, aseptic dispensing and freeze drying are the main
steps in kit production that must be validated. Herein we report our
experiences in the process validation of the GMP manufacture of a
lyophilised kit for PET imaging. Several batches of kits were produced
over a period of months by different operators and analysed using the
validated quality control methods for visual inspection, pH (cold and
radiolabelled), loss on drying, mass of kit pellet, concentration and
radiochemical purity and yield.

Results: Following visual inspection, the average yield of kits
was ~80% with the number of minor, major and critical defects within
acceptable limits. Temperature and vacuum pressure settings together
with time of pre-freezing and freeze drying had an influence on the
visual appearance of the kit pellet and moisture in the kit. These
factors must be taken into consideration for translation to routine
manufacture especially where buffer solutions that have complex
freeze-drying profiles are used.

Conclusion: The gold standard “shake-and-shoot” type kit produc-
tion facilitating a one-step “instant” radiolabelling is expected to also
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accelerate the uptake of %8Ga radiopharmaceuticals as already dem-
onstrated by commercially available kits paving the way for more kit-
based %8Ga radiopharmaceuticals to be developed.
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Aim: The protocol of DuoNEN clinical trial, a phase Ill, multicenter,
non-commercial clinical study (EudraCT No. 2020-006068-99) was
designed to develop the optimal algorithm of Peptide Receptor Radio-
nuclide Therapy (PRRT) for patients with disseminated NET based on
personalized dosimetry and to evaluate the safety and effectiveness
of personalized therapy with mixed doses of ['7’Lu]Lu-DOTA-TATE
and [*°Y]Y-DOTA-TATE compared to ['”’Lu]Lu-DOTATATE in standard
doses. Despite the long experience with tandem therapy in Poland
[1], defining a mixed ['"/Lu]Lu-DOTA-TATE and [*°Y]Y-DOTA-TATE dose
meeting the investigational medicinal product (IMP) requirements is a
challenge.

Materials and methods: DuoNEN's IMP consists of two components
with varying radioactivities: ['’Lu]Lu-DOTA-TATE from 930 to 7400
MBq and [*°Y]Y-DOTA-TATE from 0 to 1850 MBq. Each patient dose is
prepared individually, under GMP conditions, to obtain a 1.0 GBg/mL
radioactive concentration.

Adult patients with advanced, unresectable well-differentiated (G1
and G2) NETs, progressing on long-acting somatostatin analogs are
randomized into four arms:

A—treated with ["7Lu]Lu -DOTA-TATE with constant radioactivity of
7400MBq per cycle

B—treated with mixed ['”’Lu]Lu-DOTA-TATE and [°Y]Y-DOTA-TATE, ini-
tially at ratio of

3700:1850MBq/MBq. The ['7’Lu]Lu-DOTATATE radioactivity remains
constant in all cycles and the [*Y]Y-DOTA-TATE radioactivity is
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adjusted in the next cycles to the highest radiation dose in the tumor
tissue

C—analogous to arm B, except that here the radioactivity of [*°Y]
Y-DOTA-TATE remains constant and the radioactivity of [M7Lu]
Lu-DOTA-TATE is adjusted

D - first dose analogous to arm A and individualized in the next cycles.
The treatment efficacy is evaluated by morphological imaging (CT or
MR) according to RECIST 1.1 criteria. The safety of PRRT is assessed by
the kidney and bone marrow biochemical function.

Results: Up to date 52 batches of DUoNEN have been released and 94
cycles of PRRT were administered, with no deviation from approved
protocols. These included 57 fixed doses (first doses or arm A), and
37 doses adjusted based on personalized dosimetry. The first eight
patients were evaluated post-PRRT according to RECIST 1.1 criteria,
achieving stable disease in 3 cases and partial and complete response
in 4 and 1, respectively.

Conclusion: Our ongoing study showed that personalized renal and
bone marrow dosimetry affects individual PRRT doses in each sub-
sequent treatment cycle. The final results of the clinical study are
pending.

The Medical Research Agency in Poland financed the study (Project
number 2019/ABM/01/00077-00).
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Aim: Conventionally, monolayer culture systems are used in preclini-
cal studies of new radiopharmaceuticals. However, due to the unnatu-
ral growth conformation cells are forced to adapt, failing to simulate
important in vivo features of tumors, such as cell-to-cell, and cell-to-
extracellular matrix interactions. These adaptations that monolayer
cultured cells go through might produce misleading results in drug
screening studies due to differences in drug penetration and resist-
ance mechanisms. Considering this and aiming at improving the clini-
cal translatability of preclinical studies, there has been an increased
awareness of the need for more advanced culture models, such as
3D cultures, that can better mimic the complexity and heterogene-
ity of in vivo tumors. [1] Among the more advanced culture models,
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there are multicellular tumor spheroids that can recreate some of the
tumoral environmental clues and phenotypes absent in monolayer
cultures, such as gradients of oxygen, nutrients, and metabolites; and
preservation of tumor’s heterogeneity, for instance through the con-
servation of a population of stem-like cells, that contribute for tumor
recurrence and increased drug resistance. [2] Hence, the use of these
types of models would bring great profit to estimate the clinical trans-
lational potential of new radiopharmaceuticals.

Here, we explored the theranostic potential of the simple radiophar-
maceutical, 64CuCIz, in prostate cancer and glioblastoma spheroids,
considering that previous studies had already shown that it can target
these two types of malignant tumors [3, 4].

Materials and methods: After establishing and characterizing
spheroids derived from prostate cancer (22RV1, DU145, LNCaP) and
glioblastoma (T98G, U87, U373), we exposed them to ®*CuCl, and
evaluated its effects on the spheroids’ growth, viability, and the prolif-
erative capacity of spheroid-derived cells. Additionally, the uptake of
64Cu was evaluated, in intact spheroids and spheroids’ slices through
autoradiography. Preliminary studies concerning the production of
ROS after exposure to ®*Cu and the presence of a population of cancer
stem-like cells were performed.

Results: The results obtained revealed that %*CuCl, can significantly
reduce spheroids’ growth, viability, and proliferation capacity of both
types of tumors, which could be related to its uptake and uniform dis-
tribution inside spheroids. Furthermore, a relation between the detec-
tion of a larger population of cancer stem-like cells and an increased
resistance to radiation was noticed. In glioblastoma, increased ROS
production was correlated with increased susceptibility to $*CuCl,.
Conclusion: Overall, the results obtained in this study further high-
lighted the large potential of 4CuCl, as a theranostic agent for both,
prostate cancer and glioblastoma.
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Aim: Terbium is nearly identical radionuclide and showed a similar
pattern in the first (pre)clinical studies to Lu-177 [1]. Next to Tb-161
near-identical characteristics, it has additional auger and conversion
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electrons that have a higher linear energy transfer (LET) compared to
37, which could potentially improve the efficacy of TRT.

In this study, the fundamentals of Tb-161 labeled compounds (such as
DOTA-TATE, PSMA-I&T, FAP2286, and JR11) were be studied, and inves-
tigated if they have the potential to be clinical applied for TRT.
Materials and methods: Labeling conditions of DOTA-TATE, PSMA-
I&T, FAP-2286 and JR11, including kinetics of Tb-161 labeling, were
investigated and compared to Lu-177 under different molar activi-
ties (40- 110 MBg/nmol). The presence of other metal ions such as; Fe,
Zn, and Cu, in the Tb-161 stock solution were determined and quan-
tified by UPLC, including Gd,ge and DYge,y [2]. Different labeling
conditions were investigated including the efgect of temperature, pH,
incubation time and added quenchers. The radiochemical yield (RCY)
and radiochemical purity (RCP) were determined for all conditions,
by iTLC and radio-HPLC, respectively. Stability of ['®'Tb]Tb-PSMA-I&T,
was studied in formulation solution. Whereas the stability of ['*'Tb]
Th-DOTA-TATE and['®'Tb]Tb-FAP2286, ['S'Tb]Tb-JR11 were studied in
phosphate-buffer saline (PBS) and mouse serum (MS) at 37°C at 2 and
24 h as well.

Results: The all compounds were successfully labeled at a molar
activity up to 160 MBg/nmol. The presents of Gdy,ger and DY gecay and
other impurities cause a decreased molar activity of <160 MBg/nmol
which was obtained up to 2 weeks after production in comparison
to maximum achievable molar activity (165 MBg/nmol). The pres-
ence of the impurities causes a 7 time less than the theoretical molar
activity of 700 MBg/nmol at day of production. DOTA-TATE and FAP-
2286 were labeled with 5 mM gentisic acid and ascorbic acid resulting
in>90% RCP up to>48 h in labeling formulation and PBS. PSMA-I&T
showed >90% RCP up to>24h when labeled with gentisic acid, ascor-
bic acid and L-methionine. Optimal labeling conditions for all radiop-
harmaceuticals were at 90°C for 20 min at a pH of 4-5.

Conclusion: This study demonstrates that the presence of Gdy,ge and
DYgecay @nd other trace metals have influence on molar activity of the
compounds labeled with Tb-161, however < 160 MBg/nmol can still be
reached 2 weeks after production. All compounds showed to be stable
in labeling formulation (>90% RCP up to 24 h), indicating promising
radiopharmaceuticals in the treatment of patients.
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Aim: Triple negative breast cancer is a global public health problem
since it occurs at an early age and has a high recurrence and mortality
rate. In 60% of the cases there is an overexpression of the epidermal
growth factor receptor (EGFR). Consequently, we have prepared and
evaluated a *™Tc labelled derivative of Erlotinib, a reversible inhibitor
of EGFR with the objective of developing a potential molecular imag-
ing agent for this disease.

Materials and methods: Erlotinib (0.25 mmoles, 100 mg) and
1,4,7-Triazacyclononane-1,4-bis  (acetic acid)-7-(3-azidopropylacet-
amide) (NOTA) (0.25 mmoles, 123.7mg) were reacted in a mixture of
tert-butanol:H,0 (3:2, v,v) using copper acetate (0.4 eq.) and ascorbic
acid (0.2 eq) as catalysts to yield the desired ligand (L). L was labeled
in 2 steps: preparation of the tricarbonyl precursor fac-[[*°™Tc]Tc(l)
(CO)3(H,0)51+(1110-1850 MBq) and substitution by adding L (1mg)
for 30 min at 105°C (111-222 MBq). Radiochemical purity (RCP) was
evaluated by high efficiency liquid chromatography (HPLC). Stability
was evaluated by HPLC up to 4 h post labelling, lipophilicity was deter-
mined through partition coefficient between octanol and phosphate
buffer 0.1M, pH=7.4 and protein binding was measured by molecular
exclusion at 30 and 60 min.

Results: The labeling strategy used was the formation of a [**™Tc]Tc
tricarbonyl complex with a derivative of Erlotinib containing NOTA
as tridentate chelator. The Erlotinib derivative (L) was successfully
obtained through a Cu(l)-catalyzed Huisgen cycloaddition 3+ 2 reac-
tion between the triple bond of Erlotinib and an azide group of NOTA.
The structure was confirmed by spectroscopic techniques.

Labeling was achieved through formation of a Tc(l) tricarbonyl com-
plex. HPLC analysis showed a main species with retention time of 22.2
min, which was purified by HPLC and remained stable for at least 4 h
(RCP > 95%). Lipophilicity expressed as log P was 0.8+ 0.4. The aver-
age protein binding was 12 4 1%.

Conclusion: A [*™c]Tc tricarbonyl-NOTA complex bearing a EGFR
binding moiety was obtained with high RCP after purification. The
complex showed high stability. Lipophilicity was adequate to ensure
penetration through biological membranes and protein binding was
low. Biological evaluation including in vitro studies in MDA-MB-231
cells will be performed to evaluate the specific binding to the receptor
and the internalization.
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Aim: When selecting a radionuclide for theranostic purposes, it is
generally desirable to match the half-life of the radionuclide with the
biological half-life of the tracer of interest. For this purpose, 8Zr with
its 78.4-h half-life offers characteristics suitable for biomolecules with
longer kinetics, e.g. antibodies. For this reason, a new capsule design
for 8Zr production was developed for use with an existing solid target
platform [1].

Materials and methods: To assess the functionality of the capsule
design, four capsules were tested for a total of>7500 pAh accumu-
lated (proton) beam at 13 MeV. The main functionality of the design
was achieved by utilizing a tantalum washer to secure an yttrium foil
to a silver backing to enhance heat transfer.

For each production, a fresh foil was clamped into the capsule before
placing it on the GE HealthCare solid target platform for automated
transfer and irradiation. Post irradiation, the capsules were assayed in a
dose calibrator. For select productions, the irradiated foil was dissolved
and processed into zirconium oxalate.

Results: Four different capsules were used for a total of 21 runs and
153 h of beam. All capsules maintained performance and integrity
through the studies with results summarized in Table 1. For nearly
all runs, to determine the integrity of the design and foil, a picture of
the capsule was taken post irradiation; an example of this is shown in
Figure.

Table 1 Summary of runs performed

HA A B C D
Runs 40 1x4h 1x4h
1x8h 3x8h
50 1x75h 1x8h 1x55h
8x8h 2x8h
60 1x8h
Totals N 11 2 3 5
h 835 16 21.5 32
UAh 4055 880 1075 1520
YCumu\atwe 82* 19 22 25%
(GBg)
Yo, (GBg/  24740.11*% 254+£0.13 243+£0.17 243+£0.17%

HA)

*Excludes the 4-h-runs as not assayed in dose calibrator pre-purification (N=3)
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Fig. 1 Picture of foil taken ~ 1 week post irradiation (8h, 50uA, 13MeV).

Focusing on Capsule A, a total of 82 GBq (EOB) of #Zr was produced
over 11 runs, with saturation yields of ~2.4 GBg/pA. Of these 11 runs,
several automated dissolution and purifications into zirconium oxalate
were performed, with the last triplicate runs yielding 84 +2% RCY and
a dissolution efficiency of 98.3 £ 0.4%.

Conclusion: The new capsule design was proven to be capable of
sustaining significant accumulated beam time (>4000 pAh on a sin-
gle capsule) without degrading its functionality, resulting in approxi-
mately 150 GBq total of 8°Zr produced through 21 test runs with
saturation yields ~ 2.4 GBqg/pA.
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Aim: The complete resection of solid tumours remains challenging
and end of surgery positive surgical margins are common especially
for ovarian and prostate cancer [1]. Dual-modality probes, combining
PET with fluorescence imaging (Fl) capabilities in the same molecule,
can be used for both preoperative imaging and intraoperative real-
time guidance and therefore can improve surgery outcomes [2].
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We herein present a PET/FI agent targeting the fibroblast activation
protein (FAP): [*®Ga]Ga-ZW800FFAPI. In this probe, the ZW800 fluoro-
phore and two units of a FAPI-04 derivative were individually coupled
to the siderophore Fusarinine C acting as core scaffold. An analogue
compound without fluorophore, [%GalGa-AcFFAPI, was prepared in
order to investigate the influence of the dye on the overall properties.
Materials and methods: The alkyne bearing FAPI-04 was synthesised
by a modified procedure following Toms et al. [3].

The iron complex of Fusarinine C was first derivatised with an amino-
PEG2 and two azido-PEG4 linkers. The selected fluorophore and two
units of FAPI-04, respectively, were then introduced on the modified
siderophore by amide coupling and click reaction. Eventually, the
coordinated metal was removed by transchelation. Analogously, an
acetylated ligand lacking the fluorophore was prepared as control.
68Ga-IabeIIing of the precursors (5 nmol) was accomplished within 10
min at pH 4.4 and RT. Radiochemical purity was analysed by radio-
analytical RP-HPLC. In vitro characterisation included the evalua-
tion of lipophilicity (LogD;,), protein binding and stability in human
serum. Internalisation assays were performed by using tumour cells
transfected with the human FAP gene. Biodistribution experiments in
healthy BALB/c mice were performed to evaluate pharmacokinetics up
to 2h p.i. In vivo tumour targeting properties will further be assessed
by biodistribution, PET and fluorescence imaging studies.

Results: Ga-labelling resulted in > 94% radiochemical purity for both
precursors. Hydrophilic properties (LogD,,: -2.4 and -2.5), moder-
ate protein binding (27.7 and 20.9%) and elevated stability in human
serum were observed over 4 h respectively for [®®GalGa-ZW800FFAPI
and [*®Ga]Ga-AcFFAPI.

Preliminary cell uptake studies showed comparable high and spe-
cific receptor-mediated internalization (>22% after 1h incubation at
37°C) for both radiotracers. Biodistribution data (2h p.i.) for [*®Ga]Ga-
ZWB800FFAPI indicated slow clearance from blood pool (2.1% ID/g) and
low kidney and liver uptake (< 6.5% ID/g).

Conclusion: In this study we successfully used the multifunctional
chelator FSC to prepare a novel PET/FI agent targeting FAP. Our pre-
liminary results showed promising in vitro properties and their com-
parison with the control indicated that these are minimally modified
by the introduction of the ZW800 dye.
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Aim: N-Succinimidyl-4-['®F]fluorobenzoate ['®FISFB is a commonly
used active ester suitable for the labeling of peptides and proteins.
Radiosynthesis of ['®FISFB has been described by various methods,
most often multi-step radiofluorination syntheses. Recently, the
copper-mediated radiofluorination starting from boronic acid pina-
col ester 1 [1] (Fig. 1) or the tributyl stannyl analog [2] in manual and
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automated radiosyntheses, respectively, were reported as one-step
access to ['8F]SFB. To substitute our automated three-step method
starting from tert-butyl protected N,N,N-trimethylammoniobenzoic
acid ester triflate, we attempted both approaches and detail results of
optimization and automation starting from 1 herein.

Materials and methods: Organic syntheses comprised the synthe-
sis of the stannyl-based precursor as described [2] as well as that of 1
starting from commercial 4-carboxy-phenyl boronic acid pinacol ester
and N-hydroxysuccinimide using DCC as coupling reagent. Radiosyn-
theses were optimized regarding base (KHCO;/K;PO,) for QMA condi-
tioning, pre-mix time (0-60 min), concentration (2.5-10 mM precursor
and 10-40 mM [Cu(OTf),(py),]), reaction temperature (90, 110, 130°C),
and solvent (DMF, DMA, DMI) using our recently described microliter-
scale radiofluorination approach in HPLC vials [3]. Optimized reaction
conditions were transferred to an automated radiosynthesizer (Trac-
erlabFx2N) and purification was performed by semi-preparative HPLC
and SPE to obtain ['8F]SFB in high chemical and radiochemical purity
for further conjugation chemistry.

Results: As a starting point, we envisaged the synthesis of the tributyl
stannyl analog as precursor but failed to reproduce the reported syn-
thesis starting from N-succinimidyl 4-iodobenzoate [2]. In comparison,
the boronic acid pinacol ester was readily accessable from commer-
cial starting materials in 84-89% yield. The optimized radiosynthesis
sequence included elution of ['8FIfluoride from a K;PO,-conditioned
QMA cartridge with KOTf/K,CO; in MeCN/H,O, evaporation at
130°C followed by radiofluorination using 10 mM of 1 and 40 mM of
[Cu(OTf),(py),] in DMI at 90°C for 15 min. Automation furnished ['8F]
SFBin 13-20% isolated radiochemical yield after 68-83 min (n=3).
Conclusion: Radiosynthesis of ['®FISFB starting from 1 was success-
fully optimized and transferred to an automated radiosynthesizer.
The method provides the synthon in slightly lower RCY compared to
our three-step method but preparation and the reaction sequence is
considerable easier, allowing also to use the second reaction vessel of
the module for conjugation chemistry which was not possible in the
three-step two-pot approach applied before.

Copp t
Taylor et al.: 61% RCC in manual radiosyntheses
[Cu(OThH,(Py)al. ['*FIKF/Ks;, (20-30 MBq) o.
ooﬁ DMA, air, 110 °C, 20 min 9 m
o o
o. This work: 18p
B [Cu(OTH)(py)al, ['®FIKF/KOT/K,CO3,
© 1 DML, 90 °C, 15 min ['®FISFB

manual (2-10 MBq): 43% RCC (TLC)
automated (10-20 MBq): 13-20% isolated RCY

Fig. 1 Radiosynthesis of ['®F]SFB.
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Aim: In 2009, the Al'®F-labeling technique was described for the first
time by McBride et al. and is now largely used as a fast and high-yield
radiofluorination strategy.[1] Nowadays, several Al'®F-radioconjugates
are under clinical trials such as ['8F]Alfatide II, ['®F]JAIF-PSMA-11. As this
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strategy is quite recent, the development of a robust and high-yield
radiosynthesis of Al'8F-conjugates is still ongoing and numerous fac-
tors can affect the radiochemical yield.[2] We therefore propose to use
the Quality by Design, ICHQ8 (R2) [3] with Design of Experiments (DoE)
methodology to develop robust and efficient ['®F]AIF-PSMA-11 radi-
opharmaceuticals production.[4]

Materials and methods: The radiolabeling step corresponding to
complexation of {AI'8F12T with PSMA-11 was evaluated by deter-
mination of radiochemical conversion (RCC) rate determined using
radio-UHPLC and radio-TLC scanner. Firstly, manual experiments were
carried out to identify the critical process parameters and determine a
Design Space. Then, home-made labelling sequences were developed
on AllinOne® (Trasis) module.

Results: To give access to optimized ['8F]AIF-PSMA-11 product, five
sprint studies were implemented in the roadmap of Quality by design.
Firstly, critical material attributes and process parameters were identi-
fied in a first study cycle. Secondly, operating ranges leading to opti-
mal RCC were estimated in manual synthesis for the temperature of
radiolabeling, PSMA-11 amount, AlCl; equivalent and ethanol rate. A
validation study was performed in a third step and confirmed a suc-
cessful RCC>80%. After this proof of concept, a fourth QbD sequence
was applied to address the automatic synthesis and to identify the
new design space related to this manufacturing mode. Finally, we have
successfully validated a normal operating region able to meet the ini-
tial specification: RCC>80%. It allows us to produce ['®FJAIF-PSMA-11
including a purification step with a radiosynthesis yield of 53 4+ 1% dc
and a radiochemical purity of 97 4 2%.

Conclusion: The power of DoE to optimize the automated ['8F1AIF
-labeling of PSMA-11 has been illustrated, as a low number of tests
was necessary to optimize the RCC and to validate the model for each
radiolabeling modes. In this application study, we estimate the Quality
by Design approach allowed us to reduce the duration of the product
development by approximately 50%.
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Aim: PET imaging with [''CJPittsburgh compound-B has proven effec-
tiveness and efficacy to visualize and quantify beta-amyloid plaques in
the brain, a hallmark of Alzheimer’s disease; however, the 20 min half-
life of C-11 limits its widespread applicability. The PET imaging agent
[18F]Amylovis has exhibited promising results in silico, in vitro, and
in vivo, proving efficacy in detecting the presence of A senile plaques
in transgenic mice [1]. Our goal was to implement the fully automated
production of ['®F]Amylovis on a cassette-based synthesizer.
Materials and methods: Synthesis was performed via nucleophilic
substitution using the chemical precursor 2-(3-fluoropropyl)-6-meth-
oxynaphthalene, using a commercial methylation cassette with minor
changes. Briefly, ['®F]Fluoride ion was trapped in a QMA cartridge and
eluted with 1.5 mL solution of K.2.2.2. (5.3 mg/mL)/ K2CO3 (1.4 mg/
mL) in MeCN/H,O (95/5). After drying of the azeotropic mixture, 1.0
mg of the precursor dissolved in 1.0 mL MeCN/0.3 mL DMSO were
added to the reaction vessel and heated at 100°C for 10 min under
intermittent purging with nitrogen.

The reaction mixture was diluted with 4 mL of the HPLC eluent
(MeCN:H,0 (70:30)) and the solution was then loaded onto the HPLC-
loop for purification in a semi-preparative C18 reverse phase column
(250 x 10 mm, Nucleosil 100-7 C18, Macherey-Nagel). Purification
was performed under isocratic elution at 4 mL/min flow rate. The col-
lected product-fraction was diluted with water (1:5) and loaded onto a
preconditioned C18 cartridge. After rinsing with 12 mL of water, ['8F]
Amylovis was eluted with 1 mL EtOH, diluted with 12 mL 0.9% NaCl,
1000 pL Na,HPO, (0.1 mmol/L, pH 8.5) and 700 pL Tween 80 (0.11
mmol/L in 0.9% NaCl), and sterilized by filtration (0.22 pm Sartorius
Minisart).

Results: Using an initial activity of 37+3 GBq of ['®Flfluoride, ['8F]
Amylovis synthesis was satisfactorily accomplished yielding the final
product with a decay corrected radiochemical yield of 14+2% (n=3)
after a synthesis time of 50 min, with a radiochemical purity >98%
determined by analytical HPLC.

Conclusion: A convenient and reliable synthesis of [18F]Amylovis was
successfully implemented in an automated module by using a com-
mercially available cassette with minor adaptations. The final product
showed no radioactive or non-radioactive impurities obtaining ['F]
Amylovis in enough quantity and quality for preclinical applications.
Project supported by UNAM-DGAPA PAPIIT-IT201623 and CONACYT-
PRONACES 322512.
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Aim: High expression of programmed death ligand 1 (PD-L1) is corre-
lated with the immunosuppressive and aggressive properties of glio-
blastoma (GBM). Although blocking immune checkpoints to restore
anti-tumour immunity and treat a variety of cancers has been dem-
onstrated, an effective therapy for GBM has not yet been developed.
Currently, there is no standardized evaluation of PD-L1 expression lev-
els to aid in predicting the response to immune checkpoint inhibitors.
Therefore, we investigated the utility of 89Zr-labelled Atezolizumab to
measure PD-L1 expression in clinical settings.

Materials and methods: [5°Zr]Zr-DFO-Atezolizumab was prepared
from commercially available Atezolizumab (Tecentrig, 1200 mg/20
mL, Roche) according to Good Manufacturing Practice (GMP) guide-
lines and under metal-free conditions. The chelate number per anti-
body was determined by matrix-assisted laser desorption/ionisation
time-of-flight mass spectrometry (MALDI Ultraflex TOF/TOF mass
spectrometer, Bruker). An average of 1.09 £+ 0.52 chelators per protein
was estimated. GMP compliant ¥Zr in 1 M oxalic acid was supplied by
BV CyclotronVU (The Netherlands). Quality control tests included iTLC
to determine the RCP, size-exclusion HPLC analysis for the antibody
integrity and assessment of the presence of aggregates, UV spectro-
photometry for protein concentration. Additionally, the immunore-
activity, binding affinity, and specificity of [*°Zr]Zr-DFO-Atezolizumab
were assessed in vitro using GBM cell lines with different PD-L1
expression.

Prior to surgery, all patients were administered intravenously with the
radio-conjugate, and PET/CT scans performed 48 h and 72 h p.i. Radio-
conjugate uptake was quantified (SUVmax) in the tumour and normal
tissues. Post-surgery, tumour samples were collected for IHC (PD-L1
staining).

Results: The [®°Zr]Zr-DFO-Atezolizumab radio-conjugate was pro-
duced with a radiochemical purity (RCP)>99%, radiochemical yield
(RCY) of 73.34 -98% and 21.73 - 43.86 MBg/mg apparent specific
activity. When used in a rapid bead-based radioimmunoassay, the
radioconjugate showed a target binding fraction of 96.91%, indicat-
ing a good retention of the target recognition properties. The [5%Zr]
Zr-DFO-Atezolizumab specificity binding studies showed a correlation
between the cell-associated radioactivity and level of PD-L1 expres-
sion in human and murine GBM cells as seen by flow cytometry.
Patients (n=3) experienced no [¥°Zr]Zr-DFO-Atezolizumab-related
side effects. High radioconjugate accumulation was observed in the
vital part of the tumours 48 h post-administration. In normal tissues,
uptake was seen in the spleen, liver, and intestines. The radioconjugate
tumour targeting was associated with PD-L1 expression assessed by
IHC and was consistent with an increased T-cell infiltration.
Conclusion: [¥°Zr]Zr-DFO-Atezolizumab has demonstrated high speci-
ficity in detecting PD-L1 in patients with newly diagnosed GBM. The
imaging data also complemented the information obtained from IHC
data.
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Aim: Radiolabeled PSMA inhibitors are clinically employed for the
identification and treatment of prostate cancer [1]. The sulfur-['8F]
fluoride exchange (("®FISUFEX) radiolabeling approach has been
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demonstrated to prepare '®F-labeled radiotracers with high radio-
chemical yield (RCY) and radiochemical purity (RCP) [2]. However, the
in vivo stability of radiolabeled aryl-fluorosulfates has been shown to
limit this promising radiofluorination method [3]. This work is aiming
at assessing the metabolic stability of two '®F-labeled PSMA inhibitor
derivatives bearing aryl-fluorosulfates to establish whether electron
deficient aryl-fluorosulfates may influence in vivo defluorination.
Materials and methods: The manual radiosynthetic method began
with ['"®Flfluoride loading onto a QMA-cartridge which was subse-
quently eluted with dry 0.7 mL MeOH containing 3.0 mg (9.6 pmol)
BnEt;NCl. Thereafter, the evaporation of the solvent was carried out
under reduced pressure at 70 °C for 5 min (Fig. 1 A). The radiolabe-
ling precursor 0.1 mg (0.145 pmol) 3 in 0.5 mL MeCN was added to
the reaction vial, and the ['®F]SuFEx reaction proceeded without stir-
ring for 5 min at 23 °C. The reaction was quenched by (10 mL) water
dilution followed by SPE-based purification using a HLB cartridge.
HLB elution with 2 mL EtOH was used to isolate '8F-labeled 2, and
the ethanolic solvent was removed under vacuum for 10 min at 70 °C.
Deprotection of the radiolabeled intermediate compound was per-
formed using 0.5 mL (6 M) HCI, which was added to the reaction vial
and further stirred for 15 min which furnished '®F-labeled product 2
following SPE purification using a HLB cartridge as mentioned previ-
ously. The activity yield (AY) of 18E_labeled product 2 was determined,
and RCP was confirmed by UHPLC and HPLC. The future preparation
of ®F-labeled product 4 (Fig. 1 B) will be carried out according to the
aforementioned protocol.

Fig. 1 A: Preparation of '8F-labeled product 2 via ['®FISuFEx radi-
ofluorination protocol; B: Proposed preparation of '®F-labeled product
4; C: PET imaging experiments of '®F-labeled product 2 in nude mice at
5,30, 60 and 120 min.

Results: A radiolabeled PSMA inhibitor ('®F-labeled product 2) was
prepared via the ['®FISUFEx reaction (Fig. 1 A) according to recently
described optimized radiolabeling protocols, in high AY and RCP [3].
PET imaging experiments show tumor uptake of '®F-labeled product
2 30 min post-injection, as well as increasing activity in the bones and
joints (Fig. 1 C).

Conclusion: Evidence of '8F-defluorination of '®F-labeled product
2 was visible after 30 min p.i. as indicated by the increasing activity
uptake in the bones and joints over time in the corresponding PET
images (Fig. 1 C). The future preparation and biological evaluation of
'8F_labeled product 4 may provide key insights into the effect of the
electron deficient aryl-fluorosulfates on overall metabolic stability of
radioligands accessed via the ['®FISuFEx radiolabeling approach (Fig. 1
B).
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Aim: Labeling of polymeric nano-particles and subsequent determina-
tion of biodistribution.

Materials and methods: Co-polymers (COP) of methacrylic acid
and nitrogen-containing monomer were subjected to three different
radioactive labeling strategies including carbon-11, fluorine-18 and
copper-64.

15 mg COP (size 50—200 nm) dissolved in aqueous/organic solvent
mixtures with auxillary base present was reacted with [''Clmethyl
iodide, to convert residual acid functionality to the correspond-
ing ester, followed by size-exclusion chromatography for product
purification.

["®F]Aluminum-fluoride or [%*CulCu chloride was mixed with 15 mg
COP in aqueous sodium acetate buffer at varying pH. Either PD10 G25
MidiTrap columns, Nanosep 3K spinfilter or ultracentrifugation was
used for product purification and/or determination of product radio-
chemical purity.

Mice were administered 2 — 25 MBq ['8F]-AIF-COP or 0.2 - 5 MBq %4Cy-
labeled COP by oral gavage and subsequently prepared for microPET/
MR scanning. At scan termination, mice were sacrificed and organs
excised and counted for radioactivity.

Results:**Cu-labeled COP may be obtained in>98% radiochemical
purity and 50% radiochemical yield, at pH 5.5—6.0.

Optimum conditions for '®F-labeling were pH 4.5 yet radiochemical
yield was only 5-10% and >90% purity.

Attempts to label COP with carbon-11 proved elusive.

MicroPET imaging (Fig. 1) and biodistribution (Fig. 2) showed primarily
distribution of radioactivity to Gl tract and intestines, although bones
were clearly visible with the '8F-labeled tracer.

Fig. 1 Static MicroPET image of ['®F]-AIF-COP (A) and [®*Cu]Cu-COP (B)
2 h post administration.
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Fig. 2 Biodistribution of [®*Cu]Cu-COP at different times post oral
gavage.

Conclusion: Nano-particle sized polymers can succesfully be labeled
with copper-64/fluorine-18 and imaged for up to 18 h in mice.
[54Cu]Cu-COP is preferable to ['8F]AIF-COP as the latter shows some
deflurination.
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Introduction: Titanium-45 (t,,=3.08 h) is PET-nuclide that can
be utilized to study slower physiological processes. This is due to its
favorable decay characteristics (B™: 85%, E,,=1040.1 keV) and
intermediate half-life of 3 hours'. The challenging chemistry of tita-
nium has led to a slow advancement in the radiotracer development
of titanium-45, primarily due to its hydrolytic instability and highly
oxophilic nature?. One approach to stabilize the radionuclide involves
the use of chelators to form stable complexes. This study focuses on
complexing titanium-45 with a widely used chelator in radiochemistry,
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA), a task
previously deemed impossible®. The objectives of this study are (1) to
produce high activities of titanium-45 using a liquid target in a medi-
cal cyclotron, (2) to extract titanium-45 by solid phase extraction (SPE)
or liquid-liquid extraction (LLE), and (3) to complex titanium-45 with
DOTA.

Materials and Methods: Different solutions of scandium nitrate (0.5
- 2.5 M) in nitric acid (0.05 - 0.3 M) were irradiated with 14.3 MeV pro-
tons to follow the "¥Sc(p,n)*Ti reaction. The irradiations were carried
out in a medical cyclotron using varying irradiation times (1 - 4 h)
and beam currents (15 - 35 pA). The first extraction method was an
automated SPE utilizing a hydroxamate resin (ZR-resin) and different
eluents. The eluates were either directly used for complexation with
DOTA, or further purified on a quaternary ammonium anion-exchange
(QMA) resin before complexation®. The second method was a manual
LLE using a mixture of guaiacol and anisole (9/1) (v/v) as the organic
phase and the cyclotron product as the aqueous phase®. The phases
were mixed by shaking and separated using a centrifuge. Following
this, the organic phase was used for complexation. The extracted tita-
nium-45 from both methods was mixed with the DOTA-solution (in
DMSO w/ pyridine) for 20 min at 90°C.

Results: The irradiations (n="70) resulted in an activity of titanium-45
ranging from 0.2 to 4 GBq (EOB, RNP: 94.7 — 99.8%). Gamma-ray
spectrometry analysis of all fractions from both extraction methods
indicated that scandium species and radionuclidic impurities were
removed. Most of the radioactivity was present in the organic phase
for many of the LLEs. In these cases, analysis of the crude reaction
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mixture in a radio-HPLC indicated that [**Ti]Ti-DOTA was formed (n=3,
radiochemical conversion: 96.8 — 99.5%) as the retention times coin-
cides with that of the Ti-DOTA reference. However, some of the LLEs
had an incomplete phase separation, which hindered complexation.
The incomplete separation was probably caused by higher nitric acid
concentrations in the cyclotron products. For the SPE-method, eluents
such as oxalic acid, ascorbic acid, and citrate eluted titanium-45 in vari-
ous amounts, but the trans-chelation with DOTA was not evident in
the radio-HPLC.

Conclusion: The liquid target productions resulted in high enough
activities of titanium-45 to study separation and complexation
with DOTA. Both separation methods extracted titanium in various
amounts, and the LLE-method facilitated to the formation of [**Ti|Ti-
DOTA. Further purification and optimization of separation methods
are required for [*Ti]Ti-DOTA to be used for animal studies.
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Aim: [®®GalGa-PSMA-11 PET scans is steadily increasing, particularly
with the broader indications of the corresponding single vial cold
kit (Locametz®, Novartis). The final activities obtained for [*8Ga]Ga-
PSMA-11 preparations significantly decrease over time as the %Ga-
generator decays, resulting in a lower number of examinations per
preparation. Given the robustness of the radiopharmaceutical prepa-
ration kits and the possibility of replacing a generator several months
before its expiry date, alternative solutions are conceivable to main-
tain sufficient end-of-synthesis (EoS) activities, ensuring a consistent
response to the patients flow. Furthermore, when a new call for ten-
ders is issued, selecting a new supplier may be necessary, prompting
the exploration of production methods using two generators from dif-
ferent suppliers.The aim of this study is to validate a preparation pro-
tocol for [*®GalGa-PSMA-11 formulated in a single vial cold kit using
two GMP generators from different suppliers.

Materials and methods: Two generators, GALLIAD® (IRE, cali-
brated on 30/12/2022) and GALLIAPHARM® (Curium, calibrated on
14/11/2023), were employed. Three preparations of Locametz® radi-
olabeled with gallium -68 were carried out using an original auto-
mated method configured on a GAIA® module (Elysia-Raytest) for
reproducible sequential elution of the two generators. After prepara-
tion, EoS activities were measured, and various quality controls were
conducted. These included organoleptic characteristics, pH, radio-
chemical purity (RCP) and identification (by TLC and HPLC), sterility
tests, bacterial endotoxin tests, and radionuclidic purity. All controls
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were performed immediately after EoS (HO), and radiochemical purity
was additionally measured every hour for 4 h (H1 to H4).

Results: EoS activities for the three [%®Ga]Ga-PSMA-11 preparations
were 1540 MBg, 1265 MBg, and 1510 MBq. Automation enhanced
radiation protection for operators, yielding excellent results in a serial
elution configuration. Decay-corrected radiochemical yield remained
high (96.9%, 94.6%, and 94.8%), allowing up to 10 patients per prep-
aration, compared to 6 with a single generator configuration. There-
fore, the average cost per patient is reduced by 20%, despite the use
of a synthesis module tubing set. Quality controls indicated an aver-
age RCP of 99.72% in both TLC and HPLC. The product demonstrated
stability (RCP>99.41%) between HO and H4. Endotoxin detection and
sterility tests yielded negative results.

Conclusion: Automated production of [°8GalGa-PSMA-11 using
two different generators was successful with quality control results
meeting European Pharmacopoeia requirements. Sequential elution
automation ensured radiation protection while being reproducible
and reliable. Double-generator radiolabeling of the PSMA-11 cold
kit emerges as an efficient alternative, extending the lifespan of gen-
erators. Additionally, this strategy reduces the cost per patient for this
preparation.
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Aim: To establish a simple and automated ammonia production plat-
form for the production of multiple doses of ammonia.

Materials and methods: The production of ['*NJammonia is per-
formed by bombarding a 5 mM EtOH in H,O (PhEur, WFI) in a dedi-
cated target. The irradiated solution is transfered to a Neptis synthesis
module vi a a target switch system. The synthesis, or more accurately
the purification of ['*NJammonia was done by using a modified ['8F]
NaF method and cassette, from Ora (Neuville, Belgium) and ABX
(Radeberg, Germany) respectively, using the Ora Neptis Mosaic-RS
synthesis module. The target solution was pushed through a QMA, in
order to trap eventual anionic impurities before the ["*NJammonia is
captured on a waters CM cartridge. After washing with sterile water,
the CM cartridge is flushed with saline and the purified ['*NJammonia
is collected in a product vial, via a sterile filter. The QMA and CM car-
tridges are flushed with sterile water, and the process can be repeated
for a new batch of target solution.

Results: An experiment was set up, to examine how many batches
we could produce using the same synthesis cassette. A full QC analy-
sis, including HPLC identification, half life, HPGe spectroscopy, pH and
endotoxin was performed on each batch. Sterility was performed on a
pool of all batches. For each cassette we ran 9 sub-batches, including
QC, and the experiment was repeated three times. It was evident from
the data that a total of 5 sub-batches could successfully be produced
from each cassette.,, with good results. A clear trend emerged that
from sub batch 6 and onward, the ammonia was no longer captured
on the CM cartridge and the final product activity was very low. We
found this drop in activity to correlate with a clear drop in the pH, and
pH did in fact fail for the latter batches.

Conclusion: A fast and convenient method has been made to yielded
[">NJammonia in good result, all within pH.Eur specifications for a total
of up to 5 sub-batches, for all three cassettes. The method described
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was made, based on our experience with the ISAR system (GE Health-
care)(1). A similar method was also reported by Fakhri et al.
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Aim: The prognosis for HER2 + breast cancer patients has been nota-
bly enhanced by HER2-targeted therapies, including the monoclonal
antibody trastuzumab. Despite this advancement, the emergence
of resistant metastatic lesions, especially in advanced stages such as
brain metastasis, poses a challenge to the efficacy of these treatments.
To address this limitation, we investigated the therapeutic potential of
t1r37stuzumab labeled with the B-emitting radionuclide lutetium-177
(*"“Lu).

Materials and methods: Trastuzumab was radiolabeled with '"’Lu
(t;,=6.7 days; 79.3% B~; E=0.13 MeV) using a DOTA-based bifunc-
tional chelator. The labeling efficiency and stability of ['7”Lu]Lu-DOTA-
trastuzumab in biological fluids were assessed. Cell surface HER2
density and sensitivity to both trastuzumab and ['7’Lu]Lu-DOTA-tras-
tuzumab were characterized in HER2 + breast cancer cell lines and
their brain-tropic derivatives. Swiss nude mice were injected ortho-
topically into the mammary gland with HER2 + breast cancer cells. Pri-
mary tumour growth was monitored by magnetic resonance imaging
(MRI) until reaching an appropriate volume. Subsequently, mice were
intravenously administered either trastuzumab or ['”’Lu]Lu-DOTA-tras-
tuzumab, and the therapeutic efficacy was assessed.

Results: The radiolabeling process of trastuzumab with '7’Lu achieved
a robust radiolabeling yield exceeding 93% (93.24+6.2%, n=6) and
demonstrated outstanding stability in biological fluids for a duration
of up to 168 h. Despite expressing similar levels of HER2, brain-tropic
cells exhibited heightened resistance to trastuzumab compared to
their parental cell line. However, these brain-tropic cells demonstrated
sensitivity to ['”’Lu]Lu-DOTA-trastuzumab, as indicated by reduced
clonogenic survival, DNA damage, and yH2AX foci. In mice with resist-
ant breast cancer lesions, the response to trastuzumab therapy was
limited, whereas a significant reduction in tumor size was observed in
mice treated with ['/Lu]Lu-DOTA-trastuzumab.

Conclusion: Our findings demonstrate the enhanced therapeutic effi-
cacy of ['”7Lu]Lu-DOTA-trastuzumab in treating trastuzumab-resistant
HER2 + lesions.
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Aim: Recently, there has been a great interest in near infrared(NIR)
induced thermotherapy for cancer treatment due to excellent tissue
penetration, high efficiency and minimal invasiveness (1). NIR thermo-
therapeutic nanoprobes have raised as potential tools, enhancing
the stability and effect of a photothermal drug in a selective and bio-
compatible nanoformulation. The aim of this work is to carry out dual
labeling of silk fibroin nanoparticles(SFN) with the radioisotope tech-
netium-99m (°*™Tc) and the fluorescent agent indocyanin green(ICG).
Materials and methods: *™Tc-labeled ICG-SFNs were obtained by
two-step direct labeling. In a first step, 1 mg of SFNs (4 x 10"" nanopar-
ticles/mg; Zave =148.8 £ 1.8nm; PdI=0.107 £ 0.008; Zpot =-27.4+ 1.9
mV) were labeled with~37 MBq of sodium [gg”Tc]Tc—pertechnetate
reduced with stannous chloride in hydrochloric acid as previously
described (2).0nce the **™Tc-labeled SFNs were centrifuged, the pel-
let was suspended in 1.5 mL of a solution containing 2.4 pg of ICG and
incubated for 30 min. Subsequently, the *™Tc-labeled ICG-SFNs were
recovered by centrifugation, the absorbance of the supernatant was
measured in a spectrophotometer at 780 nm, and the pellet was sus-
pended in water for injection. Radiochemical Purity (RCP%) before and
after ICG labeling was analyzed by instant-Thin Layer Chromatography
(iTLC). Radiolabeling efficiency (RLE%), Encapsulation Efficiency (EE%)
and Drug Loading Content (DLC%) were calculated by using formulae
described elsewhere (2, 3). Characterization of *°™Tc-labeled ICG-SFNs
with Dynamic Light Scattering (DLS) was performed after a decay
period of at least 12 t%2.

Results: After initial labeling of the SFNs with 99MTe(n=18), RLE(%)
of 94.3140.87 and RCP(%) of 98.08 +2.93 were obtained. The EE(%)
was of 97.95+1.07 and DLC of 2.54+0.03 ug of ICG/mg **™c-ICG-
SFNs. After the labeling with ICG, the RCP was 99.57 + 0.46%, showing
no release of technetium from the nanoparticles during the second
step of labeling. The hydrodynamic characteristics of the nanopar-
ticles remained relatively stable after the dual labeling, with the zeta
potential stable (Zpot=-28.6 +2.32mV) but a decreasement in diam-
eter (Zave=143.8+1.32nm) and an increasement in polidispersity
(PdI=0.130 4 0.025) of no statistical significance when compared with
the unloaded nanoparticles.

Conclusion: A direct, reproducible and feasible method of dual
labeling of silk nanoparticles with *®™Tc and ICG has been imple-
mented without modifying the hydrodynamic characteristics of the
nanoparticles.
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Aim: Fibroblast Activating Protein (FAP) is a widely recognized can-
cer biomarker. [1] Motivated by the success of imaging radioligands,
radionuclide therapies targeting FAP are currently being extensively
investigated. However, relatively short retention and fast washout
of radioactivity from the tumor, and inadequate pharmacokinet-
ics of current FAP-ligands represent major limitations for radioligand
therapy. [2] Therefore, this study proposes a pretargeting strategy to
improve FAP radionuclide therapy. In this respect, we developed trans-
czyﬁlooctenes (TCOs) radiolabeled with the a-emitter, astatine-211
(*"'Av).

Materials and methods: We have synthesized TCO and cis-cyclooc-
tene (CCO) precursors with either boronic acids or tributyltin leaving
groups, primarily using CCO for optimization of the reaction condi-
tions. Besides precursors, we produced the iodinated cold References
(as astatine surrogate). The TCOs were synthesized using a known pro-
cedure, followed by amide coupling of the TCO or CCO amines using
EDC, HOBt and DIPEA to yield the precursors or References [3].
Astatination of the CCO tributyltin precursor was performed via elec-
trophilic destannylation with ?''At along with NCS in methanol solu-
tion at ambient temperature. For comparative purposes, we employed
a CCO boronic acid precursor using a nucleophilic substitution reac-
tion in the presence of nucleophilic 2''At and a copper(ll) catalyst. TCO
was also astatinated electrophilically from boronic acid precursor with
NBS or Kl in methanol/water at room temperature. [4] Radiochemi-
cal conversions (RCC) were determined using HPLC C18 column and
radio-TLC. Reaction mixtures were purified with C18 SPE cartridges.
Radiolabeled compounds will be further reacted with a tetrazine-FAP
ligand and used in cell uptake experiments.

Results: Tributyltin yielded 99% [*''AtJAt-CCO by electrophilic
approach while boronic acid yielded the product nucleophilically with
84-96% RCC. Since TCO is sensitive to copper and the tributyltin pre-
cursor is toxic, we pursued the TCO employing the boronic acid with
electrophilic labeling. [5] The NBS-method resulted in a lower RCC of
37%, while the KI-method was more effective, achieving 75% and a
decay-corrected yield of 68%, after purification. To confirm the stabil-
ity of the TCO during astatination, a reaction with a model tetrazine
was conducted. A new radioactive peak corresponding to the dihydro-
pyridazine reaction product could be observed.

Conclusion: The boron-astatine electrophilic substitution reaction is
an efficient method for 211At—IabeIing of TCOs. [ At]At-CCO is promis-
ing for pretargeted therapy using tetrazine-conjugated ligands. These
astatinated radioligands will be further evaluated in cell uptake experi-
ments using FAP-positive cells.
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Aim: This study aims to evaluate the sensitivity and specificity of
[®°™c]Tc-MIBI as a radiopharmaceutical and parathyroid scintigraphy
as a diagnostic tool for identifying parathyroid adenomas.

The patient presented in this paper as a case report can serve as con-
firmation of the effectiveness of the implementation of this method
and supports its integration into our standard clinical practice.
Materials and methods: Data were obtained from a 32-year-old male
patient reported to our department with generalized skeletal pain
using a SPECT gamma camera and after injection of [*°™Tc]Tc-MIBI
radiopharmaceutical at a dose of 555 MBq.

The patient was first referred to our department for a bone scan. A full
body scan showed multiple foci suggestive of metabolic bone disease.
A parathyroid scintigraphy was performed which revealed suspected
adenoma which with biopsy-confirmed parathyroid adenoma.
Results: The parathyroid scintigraphy revealed the intensive focal
accumulation of the [*™Tc]Tc-MIBI in the left distal lobe of thyroid
grand. The patient undergo surgery—lobectomiam gl. thyroidea lat
sin et parathyroidectomiam lat. sin. HP findings were: adenoma glan-
dula parathyroides lat. sin.

The bone pain was stopped after surgery and the level of the para-
thormone PTH was decreased. The patient recovered after surgery and
released from hospital with osteoporotic therapy.

Conclusion: The SPECT camera-based evaluation of patients with
recurrent or persistent hyperparathyroidism can provide valuable
insights to prevent osteoporosis and other complications associated
with untreated parathyroid adenoma. The high sensitivity and specific-
ity of [**™c]Tc-MIBI scintigraphy, combined with routine preoperative
SPECT localization, are increasingly becoming standard practices.
Keywords: Tc99m-MIBI, Scintigraphy, Radiopharmaceutical, Diagnos-
tic tool, Sensitivity
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Aim: [®Ga]Ga-NODAGA-Exendin-4 is a promising radiopharmaceu-
tical for positron emission tomography (PET) in pancreatic f-cell
imaging to non-invasively detect, diagnose, and preoperatively local-
ize insulinomas [1]. Exendin-4 is a peptide analogue of glucagon-like
peptide-1 (GLP-1) and binds with similar affinity to the GLP-1 recep-
tor which is highly expressed in human insulinomas. The synthesis
protocol of [*®Ga]Ga-NODAGA-Exendin-4 was reported earlier [2] but
in this work we aimed at synthesizing the radiotracer in an automated
production process on a Trasis EasyOne synthesizer in a hospital-based
radiopharmacy.

Materials and methods: 8Ge/%®Ga-generator Galli Eo™ (IRE-Elit Radi-
opharma, Fleurus, Belgium) was used to produce the radionuclide, and
was connected to the EasyOne synthesis module (Trasis SA, Ans, Bel-
gium). The chemicals, reagents and consumables for the radiolabelling
procedure were commercially provided as single use kits (Trasis SA,
Ans, Belgium). EDTA-Tween solution was obtained from ABX advanced
biochemical compounds (Radeberg, Germany). The GMP grade pre-
cursor peptide Lys4°(NODAGA)—Exendin—4 (Acetate) was purchased
from piCHEM GmbH (Raaba-Grambach, Austria). The radiolabelling
was optimized using different incubation temperatures and times in
combination with variable starting masses of the peptide. Quality con-
trol methods included visual inspection of the final product, determi-
nation of pH, radiochemical and radionuclide identity, radiochemical
purity (RCP) by reverse phase high pressure liquid chromatography
(RP-HPLC) and instant thin layer chromatography (iTLC), colloid detec-
tion by iTLC, bacterial endotoxins by limulus amebocyte lysate (LAL)-
test, and filter integrity test. The %8Ge-breakthrough of the generator
was tested periodically. Sterility testing of the final product was done
after conditional release, verifying the absence of microorganisms,
essential for final release.

Results: The optimized automated synthesis of [%Ga]Ga-NODAGA-
Exendin-4 was performed with the following parameters: 10ug of
precursor and incubation time of 15 min at 85°C. Acetate buffer was
used during the labelling step, guaranteeing a stable pH while limit-
ing the formation of %8Ga-colloids. It resulted in a sterile final prod-
uct>500MBq with a RCP>95%, comprising both oxidized and
non-oxidized [®®Ga]Ga-NODAGA-Exendin-4, as the oxidized form of
the tracer does not impact its quality [3,4]. Results show an apparent
molar activity > 250GBg/pumol and a decay corrected (DC) overall radi-
ochemical yield (RCY) of 81,6+ 3,8% (n=3). Three validation batches
confirmed both the robustness of the synthesis process and the repro-
ducibility in production yield and quality of the radiotracer.
Conclusion: [®®GalGa-NODAGA-Exendin-4 was successfully synthe-
sized on a Trasis EasyOne using the IRE %8Ge/®®Ga-generator Galli Eo™,
making the radiopharmaceutical available to a broader community.
It can be used for application in clinical settings, routine productions,
and translation to a GMP facility for further use in clinical trials.
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Aim: An investigational medicinal product (IMP) is defined as ,a phar-
maceutical form of an active substance or placebo being tested or
used as a reference in a clinical trial, including products already with a
marketing authorization but used or assembled (formulated or pack-
aged) in a way different from the authorised form, or when used for
an unauthorised indication, or when used to gain further informa-
tion about the authorised form” The production of IMPs should be
carried out in accordance with the GMP guidelines for IMPs (EU GMP
Guide, Annex 13 and Annex 1 containing the principles of manufactur-
ing sterile medicinal products). For each IMP quality documentation
should be developed, including specifications, process validation, and
analytical method validation. Significant parameter determining the
safety of IMP is stability testing, which forms the basis for determining
the expiration date.

This work presents the process of developing a new IMP on an exam-
ple of PSMA-T4 radiopharmaceutical kit for preparation of *™Tc-
labelled tracer for SPECT imaging loco-regional metastases and/or
local relapse in patients with prostate cancer.

Materials and methods: As part of the development research, the
composition of the PSMA-T4 kit was optimised, as well as the radiola-
belling procedure. The PSMA-T4 one-vial kit formulation contains 23ug
PSMA-T4 (net) and excipients: EDDA, tricine, SnCl, x 2H20 and phos-
phate buffer. To confirm that the manufacturing process is effective
and reproducible, three validation batches were produced. Stability
tests were performed for these batches: long-term, accelerated, trans-
port conditions and photostability study. Following successful process
validation, two batches of the PSMA-T4 kit were made and submitted
for clinical trials.

Results: All the batches used for process validation complied with the
acceptance criteria. Stability tests showed that the PSMA-T4 kit met
the specification throughout its assumed 12-month shelf life when
stored at 2-80C. The results of first-in-human clinical trials showed
that [®™cITc-PSMA-T4 tracer demonstrated high sensitivity and
specificity, which indicated potential usefulness of this radiopharma-
ceutical [1, 2]. The PSMA-T4 kit is currently during commercial clinical
trials conducted in three clinical centres (ClinicalTrials.gov Identifier:
NCT05847166).

Conclusion: The quality and manufacturing requirements for IMP are
exactly the same as for a registered medicinal product. The require-
ments set for IMP manufacturers aim to ensure the safety of partici-
pants and the credibility of clinical data obtained in the course of a
clinical trial.

The clinical impact and accessibility of ™Tc-tracers for the prostate
specific membrane antigen (PSMA) and other targets would be greatly
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enhanced by the availability of a simple, 1-step PSMA-T4 kit-based
labeling process.
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Aim: A pharmacoeconomic analysis was conducted within the frame-
work of a feasibility study for establishing in-house production of zir-
conium-89 radioisotope and 8°Zr-based radiopharmaceuticals. The
objective was to assess the cost-benefit ratio of utilizing 8°Zr-labeled
trastuzumab PET/CT for testing patients with breast cancer instead of
the biopsy method.

Materials and methods: An economic feasibility assessment was
performed, encompassing financial and pharmacoeconomic analysis.
A cost analysis was carried out to calculate the cost of in-house pro-
duction of zirconium-89 radioisotope and #Zr-labeled trastuzumab
radiopharmaceutical at the University Institute for Positron Emission
Tomography (Ul PET) and compare the costs of radioisotope produc-
tion with the costs of purchasing a readymade product. The produc-
tion process was simulated based on literature data.

A cost-benefit analysis was applied to assess the cost-benefit ratio of
either testing patients with 8°Zr-labeled trastuzumab PET/CT or biopsy
as the comparison alternatives. Unit costs were sourced from an inten-
tional marketing analysis, institute data review and analysis of the
National Health Insurance Fund tariff costs. The result was measured
with the number of tested patients with both alternatives.

Results: The cost analysis has demonstrated that the cost of an in-
house prepared radioisotope is lower compared to the cost of a pur-
chased radioisotope, thus the in-house production of zirconium-89
radioisotope is more profitable than its purchase. In terms of 897r-
labeled trastuzumab, the cost analysis estimated approximately the
cost of producing this radiopharmaceutical in three cases: production
for 4, 7 and 10 patients.

The net benefits of using the #Zr-labeled trastuzumab are higher than
using biopsy. The cost-benefit ratio assessed by cost-benefit analysis
differs in the three analysed cases, and it is 3.8, 2.4 and 1.84 for radiop-
harmaceutical production for 4, 7 and 10 patients respectively.
Conclusion: Pharmacoeconomic analysis results, as part of a feasibility
study for establishing radioisotope production, are not single determi-
nants for the overall feasibility estimation, but also the results of other
analyses should be considered. Aspects that should be taken into
account when establishing the production of new radioisotopes and
radiopharmaceuticals are the production technology that will be used,
the unique characteristics of a given radioisotope, as well as the num-
ber of planned patients per production, which would optimize the use
of production capacities.
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Aim: Nowadays, advanced cell culture models have been brought to
the spotlight due to their capacity to better mimic in vivo tumor fea-
tures, which grant them an increased clinical translatability in com-
parison to conventional monolayer cultures. An example of these
advanced models is the multicellular tumor spheroid, a 3D culture
able to reproduce the metabolic and proliferative gradients of in vivo
tumors [1, 2]. Considering the complexity of in vivo 3D tumors, and in
the preclinical setting, models like spheroids, it is important to evalu-
ate the ability of radiopharmaceuticals under development to pene-
trate through these structures. A possible solution to this question is a
classical technique, commonly used to visualize radionuclides, named
autoradiography. In fact, autoradiography includes a set of techniques
that allow imaging of beta-emitting radionuclides present in a sample.
There are two main detection systems: energy storage systems and
particle-counting systems. The first are based on the measurement of
the amount of energy emitted by the radionuclides, while the second
are based on the measurement of the number of beta particles being
emitted [3]. The main applications of these techniques in biological
studies include whole-body autoradiography, receptor autoradiogra-
phy, high-resolution gel analysis, and DNA sequencing among others.
In the present work, we further add a new application to this tech-
nique by studying the penetration of simple radiocompounds, ['7”Lu]
LuCls, ["’sta]GaCI3 and [64Cu]CuCI2, in spheroids derived from prostate
and glioblastoma cell lines, characterized by different compactness
among them.

Materials and methods: Here, we performed autoradiography using
a particle-counting system, in particular a solid membrane detector, to
study the distribution of '7’Lu, %8Ga, and %*Cu radionuclides with dif-
ferent types of decay (B~, ™, or both) in spheroid slices derived from
prostate cancer (22RV1, DU145, and LNCaP), glioblastoma (T98G, U87,
and U373) and a non-tumoral prostate (RWPE) cell line.

Results: Overall, the image quality is dependent on the spheroids’
compactness and on the type of emission of the radionuclide under
evaluation. Nonetheless, the results obtained revealed that all radio-
nuclides could successfully penetrate through the spheroids, being
uniformly distributed among the spheroid slices.

Conclusion: The present work reinforced the utility of autoradiogra-
phy as a tool to image the distribution of radionuclides in advanced
culture models, as the case of spheroids, in a simple and rapid fash-
ion that allows for real-time analysis of the signal emitted by the
radionuclides.

Acknowledgments

This work was supported by Fundacdo para a Ciéncia e Tecnologia
(FCT), Portugal, through the grant UID/Multi/04349/2019 to C2TN, the
PhD Fellowship 2020.07119.BD to CIGPinto. FCT and Campus France
are also acknowledged for Program PESSOA grant 2021.09137.CBM to
FMendes and 47890XB to JPPouget.

References

1. Engrécia DM, Pinto CIG, Mendes F. Cancer 3D models for metallodrug
preclinical testing. Int J Mol Sci. 2023; 24(15):11,915.

2. Pinto CIG, Bucar S, Alves V, Fonseca A, Abrunhosa AJ, da Silva CL, et al.
Copper-64 chloride exhibits therapeutic potential in three-dimensional
cellular models of prostate cancer. Front Mol Biosci. 2020; 7:609,172.

Page 44 of 51

3. Barthe N, Maitrejean S, Carvou N, Cardona A. Chapter 9—High-resolution
beta imaging. In: LAnnunziata MF, editor. Handbook of Radioactivity
Analysis: Volume 2 (Fourth Edition). Academic Press; 2020. P. 669-727.

Current address ™ ClISA—Centro de Investigacao Interdisciplinar em Sanidade
Animal, Faculdade de Medicina Veterinéria, Universidade de Lisboa,
Lisboa, Portugal and Laboratério Associado para Ciéncia Animal e Veter-
inaria (AL4AnimalS).

Validation of an in-house process for the production of Sodium
'8F-fluoride radiopharmaceutical

Marija Atanasova Lazareva'?’, Maja Chochevska'?, Katerina Kolevska'?,
Maja Velichkovska', Filip Jolevski', Ana Ugrinska'~, Emilija Janevik
Ivanovska.?

"University Institute of Positron Emission Tomography, Skopje, North
Macedonia. 2Faculty of Medical Sciences, Goce Delcev University,

Stip, North Macedonia. 3Faculty of Medicine, Ss. Cyril and Methodius
University, Skopje, North Macedonia.

*Corresponding author: marija.atanasova@ugd.edu.mk

EJNMMI Radiopharmacy and Chemistry 2024, 9(1): PP52

Aim: An original in-house method for the synthesis of Sodium '8F-flu-
oride radiopharmaceutical (["®FINaF) was designed and developed.
The process validation of ['®FINaF radiopharmaceutical production
was performed with the aim of confirming the reproducibility of the
process to produce a final product with consistent quality.

Materials and methods: The protocol for process validation was
developed following the recommendations outlined in FDA Guid-
ance for Industry Process Validation: General Principles and Practices
and EANM Guidance on validation and qualification of processes and
operations involving radiopharmaceuticals. Three consecutive batches
of ['"®FINaF were produced on different days under the same predeter-
mined conditions.

The production process (synthesis and dispensing) was carried out
on the dispensing module Clio, using a modified single-use kit for
dispensing. The modification involved installing a Y-connector and
QMA cartridge on the kit. The quality of the final product should be in
accordance with ['®FINaF monograph of European Pharmacopeia.

The tested parameters were approximate pH value (pH strips), iden-
tification (half-life determination and difference in retention times),
chemical and radiochemical purity (ion-exchange HPLC isocratic
method with radiodetector and conductivity detector serial con-
nected), radionuclidic purity (gamma-ray spectrometry), bacterial
endotoxins (chromogenic LAL method) and sterility.

Results: The results of tested quality parameters for the three batches
were within the defined acceptance criteria. The difference in reten-
tion times was 33.18, 32.76 and 32.82 s, and the measured half-life was
1.80,1.84 and 1.82 h. The approximate pH value was 6.5-7.0 for each
batch. No chemical and radiochemical impurities were detected in the
three batches. Only "8F-fluoride peaks were detected on the radiochro-
matograms, while no fluoride peaks were observed on the chromato-
grams obtained from the conductivity detector.

Radionuclidic purity testing showed a very low percentage of radio-
nuclide impurities (0.0000883, 0.00000171 and 0.000001633%), which
indicates a high radionuclidic purity.

The results from the bacterial endotoxins testing were <5 EU/mL for
each batch and all tested samples were found to be sterile.
Conclusion: The process validation results confirmed that the in-
house designed production process for manufacturing ['®FINaF radi-
opharmaceutical is capable of consistently producing a product that
fulfils the quality requirements defined in the European Pharmaco-
poeia monograph (Ph. Eur. 01/2008:2100).
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Aim: Glioblastoma is the most common and aggressive type of pri-
mary brain tumor in adults, accounting for 50% of malignant brain
tumors (1). Standard of care includes surgery, radiotherapy, and chem-
otherapy with temozolomide (TMZ), however with a median overall
survival of 15-20 months (2). Consequently, the development of a sen-
sitive diagnostic or theranostic tool for the early detection and treat-
ment of this type of cancer is crucial. Tetrofosmin (TF) radiolabeled
with Technetium-99m (*°™Tc) is extensively used for glioblastoma
SPECT imaging (3). The present work aims to develop an innovative
theranostic molecule based on TF and TMZ that will be able to provide
targeted imaging and therapy against glioblastoma.

Materials and methods: An analog of bis[(2-pyridyl)methyllamine
was synthesized by starting with tert-Butyl (4-aminobutyl) carbamate
and 2-pyridinecarboxyaldehyde (4). The final therapeutic compound
(SP2F) was created by amide coupling with TMZ acid following pro-
cessing and purification by High Performance Liquid Chromatography
(HPLC). The analog was characterized by NMR spectroscopy and mass
spectrometry. Cell viability was evaluated by the trypan blue exclu-
sion assay in T98 and U87 cell lines up to 72h. Radiolabeling of SP2F
was accomplished via the [*™Tc][Tc (CO)3(0OH,),1™ precursor at 40°C
for 45min. Radiolabeling yield was assessed with HPLC. In vitro sta-
bility was evaluated at room temperature (RT) and serum up to 24h
post-radiolabeling. Ex vivo biodistribution of the ®*™Tc]Tc-SP2F was
investigated at 1, 4 and 24h post-injection and compared to ex vivo
biodistribution with [*°™Tc]Tc-TF.

Results: The yield after purification of the final therapeutic compound
was 30%. The 1C50 value of SP2F and TMZ in T98 human glioma cells
was 62 UM and 330 pM, respectively, while in U87 cells IC50 was 60 uM
and 50 pM. Radiolabeling yields >90% were achieved without further
purification. [*™Tc]Tc-SP2F was stable at RT and serum up to 24h post-
radiolabeling. The ex vivo biodistribution of [®*™Tc]Tc-SP2F in compari-
son to [®™Tc]Tc-TF was demonstrated in normal CFW mice.
Conclusion: An analog of TMZ and bis-2-picolylamine has been devel-
oped. Beyond its inherent cytotoxic properties, this molecule serves
the extremely significant function of monitoring the transfer of the
cytotoxic drug TMZ to cancer cells. Facile and robust radiolabeling of
the SP2F with the *™c carbonyls precursor was accomplished. Pre-
liminary ex vivo biodistribution results in comparison to [*°™Tc|Tc-TF
have demonstrated the diagnostic potential of SP2F. Therapeutic effi-
cacy studies in glioblastoma xenografts will follow in order to assess
the therapeutic potential of this molecule.
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Aim: Prostate Specific Membrane Antigen (PSMA) derivatives having
the Glu-urea-Lys binding motif were labeled with different imaging
and therapeutic radionuclides, emerging as promising tools for the
theranostics of prostate cancer (PCa). This research effort led to the
development of the beta minus emitter ["7Lu]Lu-PSMA-617 (Pluvic-
toTM), approved by the FDA for targeted radionuclide therapy of pros-
tate cancer [1]. However, the use of beta minus emitters in targeted
radionuclide therapy (TRT) has some limitations, such as nephrotoxic-
ity and beta radiation resistance. To overcome these limitations, TRT
with Auger electron (AE) emitters is considered a possible alternative
because AEs have a high linear energy transfer (LET) within a nano-
metric range and can cause highly lethal and selective effects in target
tumor cells, particularly if placed near the DNA in the cell nucleus [2,3].
Having this in mind, we have designed and synthesized dual-targeting
"MIn-complexes bearing a PSMA inhibitor and an acridine orange (AQ)
intercalator to promote specific uptake by prostate cancer cells and
the selective accumulation in their nucleus. In this way, we expected to
obtain AE emitting radioconjugates with the ability to induce selective
and enhanced radiobiological effects in PSMA(+) PCa cells, opening
new avenues for the design of radiotherapeutics for PCa theranostics.
Materials and methods: DOTA-based chelators bearing PSMA-617
and AO groups were synthesized and labeled with '"'In. The preclinical
evaluation of the resulting radioconjugates included cellular uptake,
internalization and PSMA-blocking assays in cell lines expressing dif-
ferent levels of PSMA, as well as the evaluation of radiobiological
effects (e.g., clonogenic survival) in the same cell lines.

Results: The """In-complexes were obtained with high radiochemical
yield and purity presenting high in vitro stability. The dual-targeted
Min-complexes displayed high cellular uptake and internalization in
the PSMA-positive PC3 PIP cells while presenting a negligible inter-
nalization in the PSMA-negative PC3 Flu cells. The specificity of PSMA
targeting was further confirmed by blocking studies. The performed
radiobiological studies indicated that the dual-targeted radiocon-
jugates compromise cellular viability in a dose-dependent manner,
pointing out for more enhanced radiobiological effects when com-
pared with the single-targeted congeners.

Conclusion: The dual-targeted '"'In-complexes exhibited high and
specific internalization in PSMA + PCa cells and extensive radiotoxicity
in the same cell lines revealing their potential for Auger therapy of PCa
cancer. Further cell studies are underway to fully ascertain the mecha-
nisms underlying the observed radiobiological effects with prospects
to proceed to therapeutic assays in PSMA(+) tumor-bearing mice.
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Aim: COST project Network for Optimized Astatine-labeled Radiop-
harmaceuticals (NOAR) brings together European and international
laboratories of excellence, Astatine-211 production centers, hospitals,
industry and patient associations, and thus covering the entire innova-
tion value chain.

Page 46 of 51

The main goal is to demonstrate that Astatine-211, promising radionu-
clide used for targeted alpha therapy (TAT), can be established as the
standard for the treatment of cancerous tumors.

The project implementation includes: European network of asta-
tine-211 nodes, defining better therapeutic strategies through har-
monized protocols, exchange of good practices for production and
quality control.

Materials and methods: The COST-NOAR action ensures efficient
interdisciplinary, cross-sectoral and international exchange of knowl-
edge, effective networking within all stakeholders, promoting the
medical application of Astatine-211, significantly increase fundamen-
tal and applied knowledge of TAT technology.

Results: The results so far show that the projected goals through the
5-working groups have already generated interest in the development
of the production of radiopharmaceuticals, dosimetry, preclinical and
clinical research, ensuring critical mass that raises the capacity for
further collaboration and expertise to establish a worldwide network
dedicated to Astatine-211.

An important contribution is training a new generation of early career
researchers and PhD students, promoting interdisciplinary compe-
tences through international mobility.

Conclusion: The implementation of ATNodes results in strong collab-
oration between researchers from COST member countries, and also
international partner countries, in order to share expertise and estab-
lish a worldwide network devoted to astatine-211. The Action provides
insights into European research landscape, favoring better organiza-
tion models and particular emphasis on training and mobility of a new
generation of young researchers and PhD students.
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Aim: Nosocomial bacterial infections, especially with drug-resistant
pathogens, are a growing concern in clinical practice worldwide.
Among other species, Staphylococcus aureus, Klebsiella pneumoniae
and Pseudomonas aeruginosa are causing infectious diseases associ-
ated with high mortality. Early diagnosis and accurate localization of
these infections could improve patient outcome and would allow to
monitor antibacterial treatment more precisely.

Deferoxamine (DFO B) belongs to a group of biomolecules called
siderophores, which show high binding affinity for iron, among other
metals. These low-molecular weight (<1 kDa) substances play a piv-
otal role in the iron metabolism of most fungal and bacterial species,
including human pathogenic microorganisms. Labelling siderophores
with Ga-68 could enable precise localisation of pathogens within the
body, a concept already proven in preclinical PET imaging of S. aureus
and P. aeruginosa mouse infection models with [*®Ga]Ga-deferoxam-
ine1. This study aimed to establish automated production of [®3Ga]
Ga-deferoxamine on two different synthesis modules for clinical trial
application.

Materials and methods: Automated synthesis was performed on
two different synthesis modules: 1) Modular-Lab PharmTracer module
(Eckert & Ziegler Radiopharma GmbH, Germany) and 2) GRP 3V mod-
ule (Scintomics Molecular Applied Theranostics Technologies GmbH,
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Germany) in combination with a GalliaPharm ®Ge/%®Ga generator
(Eckert & Ziegler Radiopharma GmbH, Germany). Radiolabelling of
100 pg of deferoxamine in an acetic acid/sodium acetate buffer system
with post-labelling solid phase extraction (SPE) purification and sterile
filtration was conducted.

The final products were characterised by TLC and RP-HPLC, among
other test methods, according to Pharmacopeial standards for other
%8Ga-radiopharmaceuticals. Validation of the production processes
was performed with four master batches for each synthesis module.
Results: Sufficient activity yield for both production processes was
achieved (405.9 + 26 MBq for PharmTracer vs. 443.2 + 133 MBq for GRP
3V) using a single *®Ge/%®Ga generator.

Quality control for various parameters according to Pharmacopeial
standards of radiopharmaceuticals met all pre-defined specifications
and showed stability over 2 h post production. Radiochemical purity
measured by radio-HPLC was>95% for all master batches (n=4 for
each synthesis module).

Conclusion: Radiolabelling of deferoxamine with Ga-68 can easily be
performed under mild reaction conditions with the two described
automated synthesis approaches, enabling cost-efficient and repro-
ducible in-house production for patient use. A clinical trial is currently
ongoing (EudraCT No. 2020-002868-3).
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Aim: ["77Lu]Lu-ITG-PSMA-1 is a therapeutic agent used for radioligand
therapy (RLT) indicated for the treatment of metastasized castration-
resistant prostate cancer (mCRPC).[1][2] From September 2022. the
clinical department of nuclear medicine in Banja Luka has started with
the synthesis and application of this agent. After the synthesis using
the automatic module, ['’Lu]Lu-ITG-PSMA-1 was manually diluted to
100 ml with saline and infused intravenously within 30 min. This route
of application brought high radiation exposure to the patient but also
to the medical staff. Procurement of injector IRIS® Comecer gave the
possibility to automatically inject high-volume therapeutic radiophar-
maceuticals with minimal radiation exposure. In comparison to auto-
matic injections of '77Lu-DOTA peptides using this device, there was
no data for the application of ['”/Lu]Lu-ITG-PSMA-1.[3].

Materials and methods: The ['’Lu]Lu-ITG-PSMA-1 was initiated for
a 65-year-old male patient with mCRPC by an interdisciplinary tumor
board decision. The labeling was performed in an automatic module
with 8 GBq of ['7’LulLuCl; solution and 115 pg of the peptide. After
synthesis, the activity in the product vial was measured in a dose
calibrator and it was 7,7 GBq/20mL. Sufficient patient hydration was
ensured by intravenous infusion of 250 ml of saline starting 30 min in
advance.

Results: Since the software allowed injection of a maximum of 5 mL
per cycle, the application needed to be performed through 4 cycles
(1850 MBq per cycle). Patency of the patient administration set was
done with 2 mL of saline, followed by 10 ml saline flush (flow rate of
10 ml/min) after every cycle. The total injection time was 10 min and
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the total volume of the dose was 81 mL. There was no adverse reaction
during application and staff were at a safe distance from the patient.
After application, the product vial was taken out from the injector and
remained activity was 0,3 GBq, which confirmed the given dose (7,4
GBq) and precision of the device. The patient did not have any side
effects during the isolation period (24h) and one planar post-thera-
peutic emission scan ruled out extravasation and confirmed physi-
ological tracer biodistribution.

Conclusion: Use of the automatic multidose injector for ['7’Lu]Lu-
ITG-PSMA-1 is safe and convenient for the patient. Moreover, radia-
tion exposure of the employees will be significantly reduced for future
application cycles of this novel therapeutic radiopharmaceutical.
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Aim: Among the relatively efficient radiometals, the radionuclide tita-
nium-45 isotope, stands out as a radionuclide of interest for its ben-
eficial qualities in Positron Emission Tomography (PET).! This isotope
is notable for its high positron emission rate (85%) coupled with a rela-
tively low average kinetic energy of positrons, leading to both reduced
radiation doses for patients and enhanced image resolution. Addition-
ally, its half-life of ca. 3.1 h is advantageous in clinical settings, allowing
for imaging procedures to be conducted several hours post-injection,
thereby simplifying logistical considerations, for instance. The produc-
tion of **Ti in substantial quantities is feasible through the **Sc(p,n)*Ti
reaction.?

Materials and methods: The expansion of the collection of chela-
tors capable of efficiently binding non-radioactive Ti*" ions indeed
represent a significant scientific objective." In this work, we present
the proof-of-concept that the ligand DOTA (1,4,7,10-tetraazacyclodo-
decane 1,4,7,10-tetraacetic acid) can form a complex with the Ti** ion
(Fig. 1). Formation of the Ti-DOTA complex was confirmed through a
range of advanced analytical methods that together validated both
the successful formation and detailed analysis of the Ti-DOTA complex.

DOTA

Ti-DOTA

Fig. 1 Synthesis of nonradioactive titanium complex of DOTA.
Following the production and detailed examination of the complex,
we conducted a series of in vitro metal competition studies, as the
result, it was observed a low level of demetallation of Ti-DOTA com-
plex. This evaluation demonstrated that Ti-DOTA complex is highly
suitable for use in PET-imaging.
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Aim: Due to their valuable combination among drug delivery, con-
trolled release and specificity toward a target organ/tissue, liposomes
are considered promising agents for imaging with positron emission
tomography (PET).

Radiolabeling of liposomes surfaces, functionalized with suitable che-
lators, is generally performed using radiometals [1] but radiolabeling
with fluorine-18 may be useful for short kinetic and biodistribution
studies.

Here we report an automated procedure for the radiolabeling of lipo-
some surface with fluorine-18 via copper(l)-catalysed (CuAAC) and
“copper-free” alkyne-azide cycloaddition approaches. Liposomes were
also functionalized with a peptide deriving from the receptor-binding
domain of apolipoprotein E (mApoE) and with a metalloproteinase
(MMP)-sensitive lipopeptide (MSLP), for further use in biodistribution
studies aimed to evaluate their biodistribution in vivo in orthotopic
mouse models of glioma with PET.

Materials and methods: m,-DOPE and m,-DOPE were synthesized
in-house, while liposomes were formulated from stock solutions of
cholesterol and sphingomyelin and functionalized using suitable
amounts of the requested peptides.

Radiolabelling procedures have been performed using a commercially
available automated radiosynthesis system (Trasis-AllinOne). ['®FIfluoro-
azide was prepared following a previously published procedure [2].

PET biodistribution studies were performed on an orthotopic glioma
model (Gli36AEGFR).

Results: The liposome surface was functionalized with two diole-
oylphosphatidylethanolamine modified constructs bearing a terminal
alkyne (m,-DOPE) or a cyclooctyne (mc,-DOPE) (Fig. 1) and reacted
with fluorine-18 labelled azide (Fig. 1) through a “click” cycloaddition
reaction.

In case of my-DOPE functionalized liposome, bio-orthogonal
copper(l)-catalyzed cycloaddition (CUAAC) occurred at room tem-
perature, and liposome ['®F]1 (Fig. 1, approach 1) was obtained in
ready-to-inject formulation (RCYndc=9.61+0.8%, radiochemical
purity >95%, overall radiosynthesis time of 126 min).

Liposome ['®F]2 (Fig. 1) was obtained by reacting ['®Flfluoroazide
with mc,-DOPE functionalized liposome formulation heating at
40-50 °C in a “copper free” cycloaddition approach (Fig. 1, approach
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2) (RCYndc=5.6+0.9%, purity>95%, overall radiosynthesis time of
129 min).

The latter was chosen to radiolabel a m,-DOPE, mApoE and MSLP
functionalized liposome (RCYndc=4.2+1.0%, purity>95%, over-
all radiosynthesis time of 129 min) in order to investigate the in vivo
uptake in an orthotopic mouse model of glioma (Gli36AEGFR cell line)
by PET/CT. The results showed higher uptake in the tumor for mApoE
and MSLP-functionalized liposomes.
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Fig. 1 Liposome surface radiolabelling approaches: (a) ["®Flfluoroazide,
CuS0,-5H,0, ascorbic acid, rt, 20 min,~76%. (b) ['®Flfluoroazide,
40-50 °C, 30 min, ~40%.

Conclusion: In conclusion, we have implemented a fully automated
method for the radiolabelling with fluorine-18 of liposome surface by
CuAAC and copper-free click chemistry. Moreover, a mApoE and MSLP-
functionalized derivatives showed interesting tumor/background bio-
distribution ratio that prompted for further characterization.
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Aim: Ovarian cancer (OC) is one of the leading causes of cancer-
related death among women[1]. The follicle-stimulating hormone
(FSH) receptor is a transmembrane G protein-coupled receptor that is
highly expressed in OC cells and tumor-associated vasculature. How-
ever, its expression in non-malignant tissue and inflammation is lim-
ited[2], suggesting that FSH receptors could be a potential target for
imaging OC. To this aim, we developed ['®F]AIF-RESCA-FSH and per-
formed preliminary in vitro binding studies.

Materials and methods: Synthesis of ['8F]AIF-RESCA-FSH was per-
formed manually. An ['®FJAIF?* solution was freshly prepared by add-
ing ca. 200 MBq ['®F]fluoride in 400 uL NaCl 0.9% to 50 nmol AICl, in
100 pL of NaOAc buffer (0.1 M, pH 4.5). This solution was added to
the activated chelator RESCA-TFP (50 nmol, 15 min, RT). The resulting
["8F]AIF-RESCA-TFP was purified using an HLB cartridge, after which
was conjugated to human recombinant FSH (50 pg, 50°C, 30 min, pH
8.4) and purified using a PD10 cartridge. This conversion was moni-
tored by ITLC (eluent 30%ACN/Water) and SEC UPLC (ACQUITY UPLC
Protein BEH SEC Guard Column, 200A, 1.7 um, 4.6 mm X 30 mm and
Acquity UPLC Protein BEH SEC, 125A, 1.7 pm, 4.6 x 150 mm, 10% IPA
in 50 mM sodium phosphate, 250 mM sodium chloride, flow=0.2 mL/
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min). In-vitro cellular uptake of ['®F]AIF-RESCA-FSH was performed in
OVCAR3 cells (FSHR-(+), as confirmed by Western Blot) in the pres-
ence or absence of recombinant FSH.

Results: The final product ['8F]AIF-RESCA-FSH, was formed at room
temperature with 1.0540.55% conversion (based on ['®FIfluoride).
The radiochemical purity based on UPLC and ITLC was>95% within
90 min of the total synthesis time. Preliminary in-vitro experiments
with ['®FJAIF-RESCA-FSH in OVCAR3 cells (n=2, p=0.723) showed
no reduction of the tracer’s uptake when blocked with 0.5 pg of FSH.
However, when blocked with 2 pg of FSH, the uptake of ["8F]AIF-
RESCA-FSH in OVCAR3 cells was significantly reduced by 42% (n=1,
p=0.0004).

Conclusion: We were able to conjugate the ['®F]AIF-RESCA-TFP com-
plex to recombinant FSH. Preliminary in-vitro data suggests the selec-
tivity of ['®F]AIF-RESCA-FSH towards FSH receptors. Further studies are
warranted to improve its production and to confirm its selectivity.
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Aim: Considering the biological properties of the Cu(ll) complexes and
the properties of hexamethylpropylene amine oxime (HMPAO) ligand
employed in medical applications [1-3], we synthesized the Cu(ll)
complex with meso-HMPAO ligand as a model to estimate the poten-
tial of ®*Cu radiopharmaceutical.

Materials and methods: The synthesis of the Cu(ll)-HMPAO com-
plex (Fig. 1) follows a general procedure, wherein the metal precur-
sor, copper(ll) acetate monohydrate, is dissolved in MeOH and reacts
with a hot MeOH ligand suspension in a 1:1 molar ratio. The complex’s
structure was analyzed using FTIR, cyclic voltammetry, and X-ray tech-
nique. Additionally, we explored the interactions of the synthesized
metal complex with deoxyribonucleic acid (DNA) and human serum
albumin (HSA).

NH?S% MeOH, reflux, 2 hours
+ Cu(CH;CO0),-H,0  + NaCloy —————————»
- CH;COONa
-H0
N\,

| \

OH OH

Fig. 1 Reaction scheme for synthesis Cu(ll)-HMPAO complex.

Results: A new copper complex with meso-HMPAO ligand was syn-
thesized via a reaction of methanolic solutions of the metal precursor
and meso-HMPAO refluxed for 2 h. The crystalline purple product was
precipitated by adding a proper amount of counterion. Isolated crys-
talline precipitate was air-stable, partially soluble in water and EtOH,
soluble in polar (DMSO, MeOH, and CH;CN) but insoluble in nonpolar
solvents (toluene and benzene). From the characterization methods,
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HMPAO has been shown to act as a tetradentate ligand that coordi-
nates through the nitrogen atoms of the oxime and amine groups.
The results of cyclic voltammetry of copper(ll) acetate monohydrate,
meso-HMPAO, and Cu(ll)-HMPAO complex show that the formation
of the complex strongly affects the redox behavior of the electroac-
tive groups. Electrochemical analysis confirmed the binding between
the complex and DNA molecule (Fig. 2A). The fluorescence titration
experiments revealed a moderate binding affinity of the [Cu-HMPAQ]
ClO, complex to HAS (Fig. 2B). To investigate the binding mode of
Cu(l)-HMPAO complex to HSA, molecular docking simulations were
performed. The two representative docking solutions are displayed in
Fig. 2C. These findings clarify that Cu(ll)-HMPAO complex exhibits par-
tial accessibility to the tryptophan fluorophore, given that the highest-
affinity binding site is more than 20 A away from Trp214.

Intensity (cps x 10%)

Fig.2 A) Changes in guanine from DNA oxidation current after the
addition of Cu(ll)-HMPAO complex. B) The changes in the fluorescence
emission spectrum of HSA upon the addition of Cu(ll)-HMPAO com-
plex. C) The binding modes of Cu(ll)-HMPAO complex (green surface)
on HSA. Trp214 is displayed as blue sticks with a blue transparent
surface..

Conclusion: We conceived, synthesized, and characterized a com-
plex involving copper and hexamethylpropylene amine oxime
(HMPAO) ligand. Electrochemical assessments validated the inter-
action between the complex and DNA molecules. Simultaneously,
spectroscopic findings suggested that the Cu(ll)-HMPAO complex
exhibits moderate binding affinity with human serum albumin (HSA),
indicating its potential for efficient transport and storage within the
human body. The experimental outcomes provide the impetus for
further exploration of this complex, either as a promising anticancer
agent or for its potential application in nuclear medicine as a %Cu
radiopharmaceutical.

References

1. Holcman K, Rubi$ P, Stepien A, Graczyk K, Podolec P, Kostkiewicz M. The
Diagnostic Value of ™ Tc-HMPAO-Labelled White Blood Cell Scintigraphy
and '8F-FDG PET/CT in Cardiac Device-Related Infective Endocarditis—A
Systematic Review. J. Pers. Med. 2021; 11: 1016.

2. Roddie M E, Peters A M, Danpure H J, Osman S, Henderson B L, Lavender
J P, Carroll M J, Neirinckx R D, Duncan Kelly J. Inflammation: imaging with
Tc-99m HMPAO-labeled leukocytes. Radiology 1988; 166: 767-772.

3. YeoJM,Lim X, Khan Z, Pal S. Systematic review of the diagnostic utility
of SPECT imaging in dementia. Eur. Arch. Psychiatry Clin. Neurosci. 2013;
263:539-552.

Using Epin boronic esters as substrates improves

the copper-mediated "®F-fluorination of arenes

Anna M. Doze'”", Maria Kominia', Simon N. Blok', Gert Luurtsema’, Wiktor
Szymanski**, Ben L. Feringa?, Philip H. Elsinga.!

'Department of Nuclear Medicine and Molecular Imaging, University
of Groningen, University Medical Centre Groningen, 9713 GZ
Groningen, The Netherlands. 2Centre of Systemns Chemistry, Stratingh
Institute for Chemistry, Faculty for Science and Engineering, University
of Groningen, 9747 AG Groningen, The Netherlands. >Department

of Medicinal Chemistry, Photopharmacology and Imaging, Groningen
Research Institute of Pharmacy, University of Groningen, Antonius
Deusinglaan 1, 9713 AV, Groningen, The Netherlands. “Department

of Radiology, University of Groningen, University Medical Centre
Groningen, 9713 GZ Groningen, The Netherlands.

“Corresponding author: a.m.doze@umcg.n



EJNMMI Radiopharmacy and Chemistry 2024, 9(Suppl 1):65

EJNMMI Radiopharmacy and Chemistry 2024, 9(1): PP63

Aim: A highly promising and emerging method for the '®F-labelling
of arenes is the copper-catalyzed radiofluorination of pinacol boronic
acid ester (Bpin)-structures, introduced by the Gouveneur group. [1]
This method tolerates a wide range of functional groups, enabling its
application for a variety of aromatic systems including clinically rel-
evant radiotracers. Despite the success of this copper-mediated radi-
ofluorination, this method also has several limitations. These include
modest or fluctuating radiochemical yields, practical challenges in
purification and stability of the Bpin-structures and challenges in the
purification of the radiolabeled product from the hydrodeborylated
precursor. [2] In this work, we explore the copper-mediated radi-
ofluorination of arenes based on an alternative boronic ester structure.
These 1,1,2,2-tetraethylene glycol ester (Epin)-precursors have been
reported to be more stable, easier to purify and to be more reactive
in Suzuki coupling reactions. [3] We aimed to investigate whether
these Epins are also better candidates for the copper-mediated
'8F_radiofluorination.

Materials and methods: Various Epin- and Bpin- derived structures,
bearing both electron-withdrawing and electron-donating substitu-
ents, were synthesized and characterized. Their stabilities were tested
using liquid-chromatography coupled with mass spectrometry (LCMS).
Subsequently, the radiolabeling of the Epin-precursors was compared
to that of the traditionally employed Bpin-precursors. For this, dry ['8F]
fluoride was dissolved in dimethylacetamide (DMA), added to a mix-
ture of Epin- or Bpin-precursor and Cu(OTf)2(py)4 in DMA and stirred
for 20 min at 120 oC. The labelling was evaluated using radio-TLC and
radio-HPLC.

Results: In general, purification of the Epin-precursors using silica
gel chromatography was easier than the corresponding Bpin-pre-
cursors. The Epin-precursors were also found to be more stable in
water. For example, the Bpin-precursor for 4-fluoro-1-pyrrolidine was
fully degraded after 40 min in water/acetonitrile (1:1), while the Epin-
precursor was still intact (>95%). The use of Epin-precursor also led
to significantly higher radiochemical conversion of 68+ 10% (n=>5),
compared to the Bpin precursor (5= 3%). Correspondingly, the radio-
chemical yield was significantly higher (43% vs 2%). Also for other
examples, the Epin-precursors led to better radiochemical conversions
and yields. Notably, in many cases the reaction mixtures of the Epin
precursors led to cleaner HPLC chromatograms, suggesting the pres-
ence of lower amounts of the difficult-to-separate hydrodeborylated
precursor.

Conclusion: This study demonstrates that Epin-precursors are more
stable than the corresponding Bpin-precursors and that therefore
their "8F-fluorination occurs with higher and more reproducible yields.
Therefore, we conclude that Epin-precursors can offer a good alterna-
tive for Bpin-precursors in copper-mediated radiofluorination studies.
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Aim: Antibodies are generally modified with a bifunctional chelator
by random conjugation to lysins using isothiocyanates or activated
esters to form thiourea and amide bonds, respectively. Prior research
has suggested that the use of isothiocyanates may compromise the
stability of the conjugate in NaCl-containing buffers. This is attrib-
uted to the radiation-induced formation of hypochlorite which can
disrupt the integrity of the thiourea bond [1,2]. Here, we present find-
ings on the stability of a radiolabeled monoclonal antibody (mAb)
within phosphate buffered saline (PBS) and human serum. In addi-
tion, we introduce a novel bifunctional chelator 3p-C-NETA-PEG,-TFP,
designed to improve the radiolabeling efficiency and stability of the
radiopharmaceutical.

Materials and methods: p-NCS-Bz-DOTA-GA (5 eq.) was conjugated
to a mAb (1 eq., 500 pL, 0.05 M NaHCO;, pH 8.5, 2 h, 25°C) and puri-
fied using Amicon Centrifugal Filter Units (MWCO 30 kDa). The puri-
fied conjugate (10 pM; 0.1 M CH;COONa, pH 4.7) was radiolabeled
with ['*'Tb]TbCl; (100 MBg, 50 mM HCl) at 40 °C for 1 h. Radiochemical
yields were determined by iTLC-SG eluted with sodium citrate buffer
(0.1 M, pH 5.8) and radio-SEC analysis. Next, the stability was evaluated
in human serum and PBS at 37 °C.

The 3p-C-NETA precursor was synthesized according to a previously
published protocol [3]. The 3p-C-NETA (1 eq., 500 uL acetonitrile) was
added in droplets to a solution of DIPEA (1.5 eq.) and bis-PEG,-TFP (1.5
eq., 500 pL acetonitrile). The resulting mixture was stirred at 60 °C for
48 h and purified with HPLC.

Results: DOTA-GA-conjugated mAb was radiolabeled with ['®'Tb]
TbCl; with a radiochemical yield of 98.0£0.3% and a specific molar
activity of 2.5 MBg/nmol. The radiopharmaceutical showed reduced
stability in PBS (Fig. 1), probably due to cleavage of the thiourea bond
by the presence of CI™ in the buffer [1,2]. The construct was however
more stable in serum which was hypothesized to be attributed to the
sulfur atoms present in serum proteins scavenging the hypochlorite.
3p-C-NETA-PEG,-TFP, a compound with a different random lysine cou-
pling method was successfully synthesized and will be tested further.
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Fig. 1 In vitro stability of a '%'Tb-labeled mAb.

Conclusions: The ['%'Tb]Tb-DOTA-GA-mAb was stable in serum up to
48 h, but not in PBS, probably due to instability of the thiourea bond in
presence of CI~. Other random lysine coupling methods will be tested
to find the most stable one. Finally, we are in the process of evaluating
the bifunctional chelator 3p-C-NETA-PEG,-TFP to improve radiolabe-
ling efficiency and stability.
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Aim: The utilisation of immuno-PET radioconjugates targeting spe-
cific cell-surface markers represents a transformative shift in guid-
ing patient management [1]. Among the various radioisotopes,
zirconium-89 (8%Zr) is the most frequently used in immuno-PET due
to its near-ideal physical and chemical properties. The production of
89Zr using liquid target (LT) systems can expand the availability of this
isotope for cyclotron facilities. Therefore, we have produced %Zr using
a cyclotron (IBA, Cyclone 18/9) by irradiating the aqueous solution of
yttrium nitrate (Y(NO3)3-6H20). Subsequently, the isotope was used
to radiolabel an anti-CD44v6 monoclonal antibody for the detection
of this highly overexpressed marker in head and neck squamous cell
carcinoma (HNSCC) [2].

Materials and methods: The target material was prepared using two
different concentrations of an aqueous solution of yttrium (lll) nitrate
(99,8%) (1,5 and 0,3 g/ml) in 0,8M nitric acid. The material was loaded
into the niobium insert of LT (IBA) on Cyclone 18/9 (IBA) cyclotron
and irradiated with proton beam with energies~18MeV and~13,4
MeV. Extraction and purification of 8Zr was carried out in 3 steps on
Reform-Plus APS-3300 (Bioscan) synthesis module with Zr-resin col-
umns (Triskem). The final radionuclide purity was measured by gamma
spectrometer with HPGe detector. The isotopes impurities were meas-
ured using ICP-OES (Perkin Elmer) and TXRF (Bruker). Afterwards, the
897r was used for labelling of anti-CD44v6 mAb. Radiochemical purity
was determined with TLC (Raytest). The specificity of radioconjugate
binding was assessed in vitro using cell lines with different CD44v6
expression (A431, SCC25 and UMSCC74b).

Results: Irradiation with proton beam with energy<14MeV (n=9)
led to the production of 8°Zr with high radionuclide purity >99%. The
purification yield markedly increased by decreasing yttrium (lll) nitrate
concentration in the target material. The main radionuclide impuri-
ties were 88Zr and #Y. ICP-OES and TXRF (Fig. 1A and 1B) confirmed
the presence of the Zn and Y in product (n=4). The radioconjugate
(19Zr]Zr-DFO-CD44v6) was produced with a radiochemical purity
(RCP)>99%. The [®9Zr]Zr-DFO-CD44v6 specificity binding studies
showed a correlation between the cell-associated radioactivity and
the level of CD44v6 expression in the selected cell lines (Fig. 1C).
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Fig. 1 (A) Isotopes concentration in the final product (n=4) con-
firmed by ICP-OES and (B) TXRF for samples with 1,5 g/ml of yttrium
(I} nitrate. (C) Specificity of the radioconjugate binding in vitro.
Conclusion: We demonstrated the feasibility of producing and purify-
ing 8°Zr in-house using IBA cyclotron on a liquid target and confirmed
successful radiolabelling of CD44v6 mAb with the isotope.
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Aim: In recent years, many new radiopharmaceuticals and radionu-
clides have been developed for positron emission tomography (PET),
focusing on metal radioisotopes due to their versatile chemistry and
beneficial physical properties.

Materials and methods: Copper-61 is a highly desirable radionu-
clide for labelling PET tracers in pre-clinical and clinical settings. It
has a half-life of 3.33 h and is a favourable positron emitter (61%
B+, Emax=1.216 MeV). The moderate half-life of 3.33 h provides an
advantage over the current clinical standard, gallium-68 (T,,=68
min), allowing PET scans to be conducted at later timepoints after
injection. This results in improved diagnostic performance due to
higher image contrast and better tumour-to-background ratios over
time compared to *®Ga-labelled tracers.

Results: We present a method for producing the radiopharmaceuti-
cal precursor [*'Cu]CuCl, with high specificity, radionuclide purity and
yield from irradiated nickel targets. Additionally, we demonstrate the
synthesis of [$'Cu]Cu-NuriPro, a PSMA-targeting PET radiotracer, and
its successful application in first-in-human experiments.

The irradiated nickel targets are transferred from a standard medical
cyclotron to a hot cell, where the fully automated purification process
is carried out. First, the solid target is dissolved in acid, and the solution
is then transferred to a FASTlab chemistry module, where sequential
ion exchange resins are used to purify the ['Cu]CuCI2. The produced
[6'Cu]CuClI2 has a radiochemical purity of 99.999%.

Conclusion: Our [$'Cu]Cu-NuriPro first-in-human imaging detected
multifocal metastatic prostate cancer, bringing hope for better cancer
diagnosis and treatment. Our team carefully evaluated various fac-
tors, including radiochemical yield, radiochemical purity, and stability,
which play a crucial role in the production, distribution, and clinical
viability of PET tracers. These exci;ng results demonstrate the immense
potential of 8'Cu-labelled radiotracers for PSMA-targeted imaging and
present opportunities for developing other %'Cu-labelled agents for
various clinically valuable targets.
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