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Abstract

Development and testing of prostate-specific membrane antigen (PSMA)-
targeting radionuclide therapy (TRT) for prostate cancer diagnosis and endo-
radiotherapy have seen great success in nuclear medicine. Among such radio-
nuclides, 64Cu was deemed to be a good choice due to its moderate half-life
(12.7 h) and high resolution. In this review we will give short view of the pre-
clinical research projects to date and future directions of PSM A -targeting 64Cu
radiopharmaceuticals for prostate cancer, with special emphasis on tailoring of
PSMA-targeting 64Cu-radiopharmaceuticals which have tough pharmacoki-
netic properties.

L. Introduction

Prostate cancer is the sixth leading causes of cancer death in men world-
wide in 2021 [1]. In fact, approximately 450,000 men in Europe have been
diagnosed with prostate cancer in 2018 [2]. Investigation and application of
PSMA-TRT for prostate cancer diagnosis and endo-radiotherapy have seen
great success in Nuclear Medicine [3]. Copper (Cu) can react with many che-
lator systems due to its well-established coordination chemistry, and it can be
linked to antibodies, proteins, peptides, and other biologically relevant small
molecules. Radiopharmaceuticals labeled with 64Cu having longer half-life
(12.7 h) can be used in delayed imaging, potentially leading to higher tumor-
to-background contrast [4].

In this review we will give short view of the preclinical research projects
to date and future directions of PSMA-targeting 64Cu radiopharmaceuticals
for prostate cancer. Scheme of the overview is demonstrated in Figure 1.
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Fig. 1. Scheme of overview on preclinical research regarding the improvement of
PSMA-targeting 64Cu-radiopharmaceuticals

II. PSMA-targeting Ligands

PSMA, as an antigen protein and an enzyme, has served as a target of
interest for theranostic agent development. Small molecule inhibitors of PSMA
gain huge interest to develop PSMA-targeting imaging agents, therapies,
and/or theranostic agents, particularly for prostate cancer due to PSMA char-
acteristics of rapid extravasation, quick diffusion in extravascular space, and
efficient blood clearance [5].

Further investigation showed that the binding site enables to reach the
active site through a tunnel in the PSMA extracellular domain and keep the
bulky metal chelate moiety outside due to further optimization of the linker
between the PSMA binding motif and the chelator. Among varieties of struc-
tures of PSMA inhibitors reported to date, the urea-based structure show the
desired high binding affinity and stability [6].

III.  Chelator Selection on 64Cu-labeled PSMA Ligands

The choice of a suitable chelator is very important in the design of a suc-
cessful 64Cu-labeled radiopharmaceutical. 64Cu-chelate complex must have
high stability in vivo because exchange of any 64Cu with endogenous metal
ions in vivo, or transmetallation of 64Cu from the radiotracer to endogenous
ligands in vivo will make the image quality decrease [7].

The ubiquitous chelator, NOTA, and new entrants such as, CB-TE2A,
Diamsar, and NODAGA and have recently been determined to be excellent
64Cu chelators. NOTA can radiolabel with 64Cu at room temperature in
30 — 60 minutes, making it compatible with heat sensitive antibody vectors [8].

Several researches have been conducted to investigate the effect of che-
lating agent toward 64Cu labeled PSMA-targeting probes. Liu et al. reported
64Cu labeled radiotracer with a NOTA-conjugated precursor showed lower
radioactivity accumulation in liver, and the uptake of 64Cu labeled NOTA -
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conjugated radiotracer in kidneys was higher than other organs, which was dif-
ferent from DOTA-conjugated radiotracer. Wiistemann et al. reported that in
vitro internalization rate facilitated by the CHX-A”-DTPA chelator was higher
than facilitated by PSMA-617. Thus, the selection of chelator can effect on the
pharmacokinetic properties of PSMA-targeting ligands [9].

IV.  Linker Modification on 64Cu-labelled PSMA Ligands

There are evidences that PSMA-binding is not only caused by the PSMA -
binding motif in these molecules, but also the hydrophobicity, linker lengths,
and overall structure is thought to influence PSMA binding efficacy [2]. Hy-
drophobic linker modifications with multiple aromatic rings in the linker frag-
ment improved the hydrophobic interaction with S1 accessory pocket suitable
for PSMA-specific cell surface binding and cell internalization [10].

Santos et. al reported that the addition of spacer 4-aminomethyl- (cyclo-
hexane)carboxylic acid in the linkers had positive effect on increased high po-
tential affinity, high PSMA-specific uptake, fast clearance, and rapid kidney
excretion [11]. In another report showed that FPyl substitution toward FBOA
on EuE-k-[18F]-FBOA significantly gave positive benefits to hydrophilicity
and the PSMA-binding affinity compared with its FBOA counterpart [12].

In addition, the binding of PSMA-targeting tracers to, for example, sali-
vary gland is also thought to be due to the hydrophobic character of the linker
[13]. Therefore, linker modifications on PSMA-targeting 64Cu radiopharma-
ceuticals for prostate cancer will significantly effects to the, biodistribution,
binding affinity, and overall pharmacokinetic properties of small molecule in-
hibitors targeting PSMA.

V. Addition of an Albumin-binding Domain 64Cu-labelled
PSMA Ligands

The investigation of modifying radiopharmaceuticals with an albumin-
binding entity has recently recently gained growing interest. Miiller et al.
proved that the adding an albumin binding domain increased the circulation
time and decreased normal tissue binding of radiolabeled compounds [2, 14].
PSMA -targeting radioligands modified with these entities showed enhanced
blood circulation and, as a consequence, considerably increased accumulation
in the tumor tissue, which correlated with better therapeutic outcomes in pre-
clinical settings [15].

Albumin-binding 64Cu-based PSMA Ligand for imaging was studied by
Umbricht et al. who designed albumin-binding PSMA ligands based on the
glutamate—urea-binding entity and NODAGA chelator which was labeled with
64Cu (64Cu—PSMA—ALB-89).
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The results demonstrated 64Cu—PSMA—-ALB-89 showed increased in
vivo stability as compared to outperformed previously developed PSMA lig-
ands for 64Cu labeling. In view of nuclear medicine application, albumin-bind-
ing PSMA ligands were developed to enhance the blood circulation time and
to increase tumor accumulation of radioactivity [16].

VI.  Conclusion

Improving existing 64Cu PSMA-targeting ligands, investigating with
various chelators, loking for suitable linker and enhancing tumor accumulation
of radioactivity are points of interests in preclinical research of PSMA ligands
labeled with 64Cu. The recent preclinical research projects discussed here and
the ongoing preclinical research will delivery define the future of PSMA -tar-
geting 64Cu-radiopharmaceuticals.
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