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Abstract

Radiotheranostics with !”’Lu-PSMA have changed the treatment paradigm in patients with prostate cancer, becoming the
new standard in certain settings. Terbium-161 (!°'Tb) has been recently investigated as a potential radionuclide for radio-
theranostics in various types of cancer, including metastatic castration-resistant prostate cancer (mCRPC). The nuclear
medicine team at King Hussein Cancer Center (KHCC) in Amman, Jordan, recently published the first-in-human SPECT/
CT imaging results following a well-tolerated dose of '®'Tb-PSMA radioligand therapy with no treatment-related adverse
events, adding to the potential of radiotheranostics in prostate cancer. Two clinical trials for '*'Tb-PSMA radioligand therapy
in prostate cancer are currently underway and will provide valuable insights. This review will shed light on the expanding
field of radiotheranostics in prostate cancer, which is not without challenges, and will discuss how the introduction of a new
therapeutic option like ''Tb-PSMA may help to combat these challenges and build on the proven success of !7’Lu-PSMA-
based radiotheranostics for the benefit of prostate cancer patients worldwide.

Keywords '®'Tb-PSMA - Radiotheranostics - Nuclear medicine - Prostate cancer - King Hussein Cancer Center (KHCC) -

Jordan

Introduction

Theranostics, the combination of targeted diagnostic imaging
and therapeutic agents, have become a fundamental setting
for precision oncology and have revolutionized the field of
nuclear medicine [1, 2]. Radiotheranostic approaches based
on nuclear medicine have changed the treatment paradigm in

P< Akram Al-Ibraheem
aibraheem @khcc.jo

! Department of Nuclear Medicine and PET/CT, King
Hussein Cancer Center (KHCC), P.O. Box 1269, Al-Jubeiha,
Amman 11941, Jordan

Department of Radiology and Nuclear Medicine, Division
of Nuclear Medicine, University of Jordan, Amman 11942,
Jordan

Tumour Targeting Laboratory, Olivia Newton-John Cancer
Research Institute, Melbourne, Victoria, Australia

Department of Molecular Imaging and Therapy, Austin
Health, Melbourne, Victoria, Australia

School of Cancer Medicine, La Trobe University, Melbourne,
Victoria, Australia

Department of Medicine, University of Melbourne,
Melbourne, Victoria, Australia

@ Springer

patients with prostate cancer and neuroendocrine tumors over
the last decade, becoming the new standard in certain settings
with many successful outcomes [3—6]. The breakthrough that
a proportion of patients with progressive metastatic burdens
on standard treatments respond well to radiotheranostics is
fueling the search for novel theranostics approaches focusing
on molecular phenotyping, targeting chemical and radioiso-
topes [7, 8]. Recently, there has been increasing interest in
the use of terbium-161 (°'Tb) as a potential radionuclide for
radiotheranostics in various types of cancer [9, 10]. A recent
case report of a heavily pretreated patient with metastatic cas-
tration-resistant prostate cancer (nNCRPC) provides stimulating
preliminary evidence of the potential therapeutic capability
of '®'Tb-labeled prostate-specific membrane antigen (PSMA)
radioligand therapy (RLT) in patients with progressive meta-
static disease after extensive !”’Lu-PSMA-617 RLT [10].

161Th-PSMA: First-in-Human SPECT/CT
Post-RLT

Recently, our nuclear medicine team at King Hussein
Cancer Center in Amman, Jordan, published the first-in-
human SPECT/CT imaging results following '*'Tb-PSMA
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radioligand therapy [11]. The patient received an empiric,
well-tolerated dose of ' Tb-PSMA-617 (5,550 MBq); pro-
tocols for whole-body planar and SPECT/CT scanning have
been developed based on the decay scheme that revealed two
gamma energies with high frequencies (48.9 keV and 74.5
keV). The radionuclide’s spatiotemporal distribution in target
to non-target potentially dose-limiting organs was determined
by acquiring time sequential planar images at 18 h, 69 h, and
90 h post-injection (p.i.). At 69 h p.i., SPECT/CT images were
acquired from the lower cervical level to the pelvis, allowing
for more refined image-derived activity quantification and tis-
sue kinetic characterization and allowing visualization of all
previously identified PSMA-avid primary and metastatic bone
lesions on the ®®Ga-PSMA PET/CT scan (Fig. 1). Our positive
experience with the first radiotheranostic application of '*'Tb-
PSMA in mCRPC in Jordan and Asia was disclosed with no
acute or treatment-related adverse events [11]. In our depart-
ment, four patients with advanced, heavily pretreated mCRPC
have received '*'Tb-PSMA radioligand therapy (compassion-
ate use under the local regulatory framework and international
ethical and radiation safety standards). After receiving '*'Tb-
PSMA, patients did not report any acute negative side effects,
and there were no notable changes in vital parameters dur-
ing the initial assessment. At the subsequent follow-up of the
four patients, there were no clinically significant changes in
relevant laboratory values (hematologic, renal, and hepatic
panels), as defined by the Common Terminology Criteria for
Adverse Events (CTCAE v5.0) [12]. While the influence of

Fig.1 A patient with metastatic castration-resistant prostate cancer
who progressed on hormonal therapy and was referred for PSMA-
RLT. As shown in a maximum intensity projection (MIP) and b
sagittal fused PET/CT, %Ga-PSMA PET/CT revealed widespread
PSMA-avid bone metastases that were extensive sclerotic in the tho-

the treatment on the biochemical response is still being eval-
uated, preliminary results suggest a favorable activity, with
patients reporting an improvement in their physical function-
ing and other quality-of-life measures. This ground-breaking
radiotheranostic approach marks an important milestone in
our PSMA-radioligand therapy program, which was launched
in 2017, and holds great promise for improving the outcomes
of mCRPC patients in Jordan and the Middle East [13, 14].

Expanding the PSMA RLT in Prostate Cancer

PSMA-targeted radioligand therapy (RLT) using '"'Lu
has shown impressive results in retrospective and prospec-
tive studies [15, 16]. However, '%'Tb is a radionuclide that
possesses similar chemical and pharmacokinetic properties
to ""Lu, both in vivo and in vitro. Additionally, it behaves
similarly with regard to radioligand-specific cell uptake and
internalization. Moreover, '°'Tb emits a modest fraction of
photons which makes it suitable for post-therapy imaging
[11, 17]. While '*'Tb has a similar physical half-life of 6.9
days and B-particles of a slightly higher energy (mean energy
161Th: 154 keV vs "Lu: 133 keV), its co-emitted Auger
and conversion electrons theoretically result in disseminated
higher tumor-absorbed doses. A preclinical evaluation of
161Th-PSMA RLT showed superiority to !"”’Lu-PSMA in
in vitro experiments and a preventative tumor model [17].
This potential advantage, when compared to !"’Lu, is expected

161Th-PSMA SPECT/CT

racic spine. ''Tb-PSMA SPECT/CT 24 h after a 5.5 GBq theraputic
dose of ''Tb-PSMA RLT demonstrated adequate localization of the
161Th-PSMA in the metastatic bone deposits, which were extensively
expressed in the thoracic spine as demonstrated by sagittal fused
SPECT/CT and MIP (c, d)
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to broaden the applicability of radiotheranostics to treat small
lesions and established metastatic disease, which may lead to
better control of micrometastatics and possibly lower recur-
rence rates. Table 1 compares the characteristics of !’"Lu and
161Th radionuclides [18], demonstrating that '*'Tb is a prom-
ising radionuclide because it combines the advantages of a
medium-energy f—emission with those of Auger electrons.
Two clinical trials for "' Tb-PSMA RLT are currently under-
way. The first is the VIOLET trial (NCT05521412), a phase
I/II study evaluating the efficacy and safety of '*'Tb-PSMA-
1&T in men with mCRPC. The VIOLET trial aims to evalu-
ate this therapy’s overall response rate, duration of response,
progression-free survival, and safety profile. The findings of
this trial will provide important information about the poten-
tial of ''Tb-PSMA RLT for the treatment of mCRPC. The
REALITY trial (Clinical Trials.gov Identifier: NCT04833517)
is a prospective registry of targeted radionuclide therapy in
patients with mCRPC. The REALITY study will assess the
efficacy and safety of targeted radionuclide therapies, such as
161Th-PSMA, in patients with mCRPC. The research will pro-
vide real-world data on the use of this therapy, such as dosing,
response rates, and adverse events. These trials are expected to
provide valuable insights into the potential and feasibility of
161Th-PSMA radioligand therapy for the treatment of mCRPC.

Perspectives

The success of '7’Lu-PSMA in radiotheranostics for mCRPC,
backed by phases 2, 3, and randomized trials leading to
approvals by the European Medicines Agency (EMA) and
the USA Food and Drug Administration (FDA) [5, 19, 20],
raises questions about the necessity of introducing a new

Table 1 The characteristics of '7"Lu and '°!'Tb radionuclides [18]

radioisotope (*'Tb) within the same family. Nevertheless,
the increasing demand, supply shortages, and rising costs
of current radiotheranostics options are major concerns that
limit their accessibility worldwide [21]. Given its attractive
physical characteristics, '°'Tb offers a potential solution to
these challenges, allowing for the expansion of effective
radiotheranostics for mCRPC patients, among other indica-
tions [17, 22]. However, challenges in utilizing radiotheranos-
tics in precision oncology may vary between developed and
developing countries, with the latter facing additional hurdles
in healthcare infrastructure and resources [23— 24]. Despite
these challenges, it is crucial to investigate the potential ben-
efits of introducing new radioisotopes to ensure that patients
worldwide have access to optimal care. Promising approaches
include the development of novel radiopharmaceuticals and
the introduction of new radioisotopes, such as the success of
the introduction of alpha-emitting radioisotopes, and delivery
systems that can improve the availability, efficacy, and safety
of radiotheranostics [25, 26]. These advances offer hope for
the future of precision oncology, underscoring the need for
continued research and development in this field.

Conclusion

Radiotheranostics have the potential to revolutionize cancer
diagnosis and treatment, despite facing challenges such as
the limited availability of radioisotopes and limited range of
therapeutic radiation. However, the hard work of the nuclear
medicine research community has resulted in the constant
expansion of the field, with many promising approaches
being introduced. The recent and preliminary evidence on
the use of '°'Tb as a radionuclide for theranostics in patients

Radionuclide 7Ly 161
Half-life (d) 6.647 6.906
Type of decay (%) B— (100%) f— (100%)
fB-Particle mean energy (keV) 133.3 154.3
Conversion electrons (keV per decay) 13.52 39.28
Conversion electrons energy range (keV) 6.2-206.3 3.3-98.3
Auger and Coster—Kronig electrons (keV per decay) 1.13 8.94
Auger and Coster—Kronig electron energy range (keV) 0.01-61.7 0.018-50.9
Total electron energy per decay (keV) 147.9 202.5
Photons X and y (total energy per decay in keV) 35.1 36.35
Energy per decay in keV (photons 1 electrons) 183 238.9

Production method

Cost of production of no-carrier-added

Neutron irradiation of enriched "°Lu or
176Yb targets in nuclear reactor

Comparable

Neutron irradiation of enriched
100G targets at nuclear
reactor
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with mCRPC has generated great interest. Our first-in-human
SPECT/CT imaging results following '¢'Tb-PSMA radio-
ligand therapy have added to its therapeutic potential, and
ongoing clinical trials will provide valuable insights. This
new approach has the potential to support the well-established
7TLyu-PSMA and improve cancer patient outcomes. The prom-
ising results highlight the importance of continuing to inves-
tigate and expand radiotheranostics’ access and applicability.
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