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There is a growing use of radionuclide therapy for the medical care of oncology
patients, where radioactive pharmaceuticals are used to target and treat various
cancer types. This paper provides a brief overview illustrating the spectrum of
ongoing and recently completed radionuclide therapy clinical trials in oncology.
The trials selected highlight the potential of radionuclide therapies to provide a
promising treatment option across a spectrum of cancer patients, while also
discussing the importance of patient selection and monitoring, as well as
potential side effects and safety concerns. Ultimately, the results of these trials
will be crucial in determining the future use of radionuclide therapies in cancer
treatment.
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1. Introduction

The field of nuclear medicine is ever expanding to include an increasing array of targeted
radionuclide therapies (TRTs) capable of treating oncology patients. Although TRT has
existed for many years, recently it is gaining attention due to the potential for prolonging
patient survival across differing cancer types, often with minimal toxicity. While thyroid
cancer, neuroendocrine tumors and prostate cancer remain the most common targeted
cancer types, additional malignancies continue to be added to the list. In this paper we
provide a short summary of the current spectrum of clinical trials using TRT based on an
analysis of those studies listed on clinicaltrials.gov (1). The studies chosen were based on
a search of clinicaltrials.gov up to and including February 14, 2023, for all ongoing and
recently completed clinical trials and then selecting those trials that included TRTs across
a spectrum of disease. These studies are categorized by the targeted receptor, treatment
indication, and clinical trial phase. We also briefly discuss obstacles for TRT research,
current gaps in this research and future developments. Trials are summarized in Table 1.

Perhaps one of the most significant obstacles for recent clinical trials including TRT, was
the COVID-19 pandemic, that caused many of the studies listed on clinicaltrials.gov to be
paused or pre-maturely “completed” because of the associated strain on healthcare resources
and shelter-in-place policies that resulted in disruptions to clinical trial activities. Another
obstacle inherent in clinical trials including TRT is radiation exposure. While TRTs are
designed to target and destroy specific types of cancer cells, they can also damage healthy
tissues, leading to adverse effects. One way to reduce the risk of radiation exposure is
through pre-therapy imaging and then using this as a tool to optimize the amount of
radiopharmaceutical given to provide optimal therapy while minimizing toxicity through
exposure to surrounding healthy tissues. In addition, technical advances have enabled the
development of increasingly targeted radionuclides with lower off-target exposure. Today,
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TABLE 1 Summary of active or recently completed studies illustrating a Spectrum of radiopharmaceutical advances.

Receptor

Radionuclide

Study drug

Conditions

Accrual

Status/date of  Phase

NCT

goal

completion

SSTR 2y *Y-DOTA-tyr3- | Neuroendocrine Tumor, Carcinoid Tumor, 39 5/27/20* 2 NCT03273712
Octreotide Neuroblastoma, Medulloblastoma
“Cu “’Cu-SARTATE | Neuroblastoma, Relapsed Neuroblastoma and 34 Recruiting 2 NCT04023331
Refractory Neuroblastoma
Ga “Ga- Hepatocellular Carcinoma 12 2/3/22° 2 NCT03648073
DOTATATE-
PSMA 77Lu '77Lu-PSMA-617 | Progressive Metastatic Castration Resistant Prostate 200 12/31/21¢ 2 NCT03392428
cancer
77 Lu 77Lu-DOTA- Biochemically Recurrent Oligometastatic, Prostate 50 Recruiting 2 NCT05146973
TLX591 Specific Membrane Antigen-Expressing Prostate
Cancer
“Cu “’Cu-SAR- Metastatic Castrate Resistant Prostate Cancer 44 Recruiting 2 NCT04868604
bisPSMA (mCRPC)
77Lu 77Lu-PSMA-617 | Prostatic Neoplasms 20 Active/Not 2 NCT04430192
Recruiting
7L Y7 Lu-ITG- Soft Tissue Sarcoma 20 Recruiting 1 NCT05420727
PSMA-1
FAP 77 Lu 77Lu-DOTA- Locally Advanced or Metastatic Cancer 30 Recruiting 1 NCT04849247
FAPI
77Lu 77Lu-FAP-2286 | Advanced Solid Tumors 170 Recruiting 1+2 | NCT04939610
FGFR3 ¢ 22°Ac-FPI-1966, | Advanced Solid Tumor, Head and Neck Squamous 155 Recruiting 1+2 | NCT05363605
1l FPI-1967 Cell Carcinoma, Bladder Carcinoma, Susceptible
FGFR3 Genetic Alterations, FGFR3, FGFR3 Protein
Overexpression, Ovarian Cancer, Colorectal Cancer,
Breast Cancer, Liver Cancer, Lung Cancer, Gastric
Cancer
CCK2 77Lu 77Lu-PP-F11N Thyroid Cancer, Medullary; Neuroendocrine Tumor 24 Recruiting 1 NCT02088645
Receptor— of the Lung Grade 1 and 2; Neuroendocrine Tumor
Gastrin analog of the Thymus Grade 1 and 2; Neuroendocrine
Tumor GEP Grade 1-3
CD46 7y ¥Zr-DFO-YS5 | mCRPC 24 Recruiting 1 NCT05245006

°Results posted 2/9/2023.
PResults posted 1/10/23.
“Updated 6/13/22.

common side-effects associated with TRTs include fatigue, nausea
and bone marrow suppression; however, nephrotoxicity, among
other side-effects may also be seen (2, 3). In certain instances, the
co-administration of agents to help reduce side effects and toxicity
are given. Example of ongoing trials that have adopted this
approach include a Phase 1 trial using '''In-CP04 to target the
CCK2 receptor that includes the co-administration of gelofusine/
gelaspan, colloidal plasma substitutes, to minimize nephrotoxic
effects and myelosuppression. Another example is a Phase 2 trial
using **Ga-DOTATOC and *°Y-DOTATOC that includes the
co-administration of lysine and arginine for nephroprotection.
Also, in many trials a diagnostic radiopharmaceutical is used to
image patients prior to TRT in order to detect patients most
likely to benefit and exclude those most likely to experience
adverse effects. For example, in patients with hepatocellular
carcinoma (HCC), ®®Ga-DOTATATE-PET is done first and only
those patients with adequate somatostatin receptor (SSTR)
expression on imaging to suggest benefit of the TRT are given
'77Lu-DOTATATE. Another trial includes a diagnostic scan with
%8Ga-DOTA-5G for patients with pancreatic cancer, where only
patients with adequate uptake (defined as SUVmax >2-fold
above normal lung or liver) are given the TRT, specifically
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'”’Lu-DOTA-ABM-5G. *%Pb-VMTO1 and
%3Ga-VMTO02 are used for image screening to detect patients with
melanoma likely to benefit from *'*Pb-VMTO1.

An ongoing and important gap in research involving TRTs is

In another trial

the lack of large-scale clinical trials capable of providing
high-quality evidence of the safety and efficacy of these
treatments. While there have been many small studies and case
reports suggesting promising results and a few larger trials that
have impacted clinical practice, there is a need for more large,
well-designed clinical trials to validate early phase clinical trial
findings and ultimately inform/change clinical practice on a
broad scale (4). In addition, there is a need for further research
with
biodistribution profiles, as well as greater specificity for cancer

on radiotracers improved  pharmacokinetic  and
subtypes. This requires understanding the biology underlying
different cancer subtypes, as well as continued advancement in
radiopharmaceuticals and imaging techniques to ensure precise
targeting of the radiopharmaceutical to the tumor. Another gap
in research is determining the best therapy combination to
improve overall efficacy and tolerability. For example,
cryoablation of disease sites or and/or immunotherapy, among

others may have a synergistic effect with TRT.
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Finally, most current trials target SSTR and prostate specific
membrane antigen (PSMA) receptors with innovations focusing
on the development of radiopharmaceuticals that more accurately
target these receptors, or that apply already existing TRT to new
cancer subtypes. For example, a feasibility study was recently
conducted to determine if patients with HCC expressed SSTR
adequately to benefit from '""Lu-DOTATATE treatment. Future
developments in the field may increasingly focus on identifying
new receptors that can serve as TRT targets; currently, many
trials focusing on this are early in the development process. For
example, there is a handful of phase 1 trials targeting the
fibroblast growth factor receptor 3 (FGFR3), fibroblast activation
protein inhibitor (FAPI), cholecystokinin 2 receptor (CCK2),
melanocortin sub-type 1 receptor (MCIR) and the chemokine
receptor 4 (CXCR4), among others. There are no trials at this
time that target the gastrin-releasing peptide receptor (GRP-R) or
the integrin oVP3 or aVB5 receptors, which have also been
identified as potential targets for neuroendocrine tumors (5).
Investigating new receptors has the potential to extend TRT to a
variety of cancers subtypes, and could improve the specificity of
TRT, which continues to be a barrier for effectiveness.

2. Examples of clinical trials targeting
SSTR

Somatostatin receptors are overexpressed in a variety of
neuroendocrine tumors (NETs), making them attractive targets for
radionuclide therapy. Radiolabeled somatostatin analogs such as
octreotide and DOTATATE have been developed to target SSTRs
for imaging and therapy by delivering targeted radiation directly to
tumor cells. The use of radiolabeled somatostatin analogs for
therapy has shown promise in clinical trials. Specifically, a phase 3
clinical trial showed that '”’Lu-DOTATATE improved progression-
free survival in patients with midgut NETs compared to standard
therapy (6). A phase 3 clinical trial found that '”’Lu-DOTATOC, a
radiolabeled
survival in patients with gastroenteropancreatic NETs (7). In
addition, '’Lu and °°Y-labeled PRRT have been used in clinical
trials showing promise in treating gastroenteropancreatic and

somatostatin analog, improved progression-free

bronchial NETs (2). Research is ongoing in an effort to optimize
somatostatin receptor-targeted therapy, including determining the
optimal amount of TRT to be effective across a spectrum of patient
populations, selecting patients most likely to benefit and using
existing TRTs in new cancer subtypes. A few examples illustrating
the spectrum of ongoing clinical trials is given below.
NCT03273712 is a trial designed to evaluate the safety and
efficacy of Dosimetry-Guided, Peptide Receptor Radiotherapy
(PRRT) with °°Y-DOTA-tyr3-Octreotide (*°Y-DOTATOC) in
with
neuroendocrine tumors. This trial will use dosimetry to determine

patients inoperable, ~ somatostatin  receptor-positive
an individualized radiation dose for each patient, with a maximum
of 4 treatment cycles given at 8-12 week intervals (8).
NCT04023331 aims to evaluate the safety and efficacy of
%’Cu-SARTATE in pediatric patients with high-risk neuroblastoma

through an adaptive and personalized design. The trial consists of
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two phases, a dose escalation phase, and a cohort expansion
phase. Dose escalation will use a modified 3 + 3 study design with
up to 4 cohorts of increasing doses monitoring pre-defined Dose
Limiting Toxicities for 6 weeks post administration of one therapy
cycle of “Cu-SARTATE. Patients who benefit may be offered
additional therapy cycles, up to a maximum of 4. Once the
Maximum Tolerated Dose (MTD) is established, or Cohort 4 is
completed, the study will be expanded to enroll an additional
10 subjects who will receive at least 2 therapy cycles of
57Cu-SARTATE at the MTD dose level (9).

NCT03648073 aims to use **Ga-DOTATATE to determine
HCCs expressing SSTR levels deemed sufficiently high to benefit
from targeted radionuclide therapy with '""Lu-DOTATATE. If
successful, this approach may offer a new therapeutic option for
HCC patients who are not candidates for other therapies (10).

3. Example of clinical trials targeting
PSMA

Prostate-specific membrane antigen (PSMA) is a type II
transmembrane glycoprotein that is highly expressed in prostate
cancer cells. PSMA has been the focus of much research in recent
years as a target for radionuclide therapy in men with prostate cancer.
In the case of PSMA based TRT, the radioactive isotopes are attached
to PSMA-targeting molecules that bind to PSMA on the surface of
prostate cancer cells. One of the most ubiquitous radionuclides for
PSMA-targeted therapy is '’Lu. Clinical trials have shown that
77Lu-PSMA therapy improves progression-free survival and overall
survival in men with metastatic castration resistant prostate cancer
(mCRPC) who have failed other therapies (11, 12) and this TRT was
approved for use by the FDA in 2022. Other radionuclides, such as
*Ac and **"Th, are currently being investigated for PSMA-targeted
therapy, with promising preclinical results (13). The examples below
illustrate the spectrum of ongoing trials focusing on expanding earlier
promising results of TRT in men prostate cancer, assessing
combination therapy with TRT, assaying novel TRT agents, evaluating
where in the spectrum of disease TRT has the best effect and assaying
known TRT agents in novel cancer types.

NCT03392428 aims to evaluate the efficacy of '7"Lu-PSMA-
617 in men with metastatic prostate cancer who have progressed
despite hormonal therapy and chemotherapy. The trial compares
the effects of '”7Lu-PSMA radionuclide therapy with cabazitaxel
chemotherapy (14). This study will recruit 200 participants from
sites across Australia to expand on the previous randomized
phase 2 trial (TheraP) that showed 7L u-PSMA-617 led to a
higher PSA response and fewer grade 3 or 4 adverse events
compared with cabazitaxel published in 2022, suggesting TRT
could be a good alternative to cabazitaxel (15).

NCT05146973 aims to assess the effectiveness of 7’ Lu-TLX591,
a radiolabelled PSMA-targeting antibody, in combination with
external beam radiation therapy (EBRT) for the treatment of
biochemically  recurrent, oligometastatic, ~PSMA-expressing
prostate cancer. The therapeutic potential of TLX591 lies in its
ability to target PSMA-expressing tumors by radiolabeling it with
a therapeutic radioactive isotope (16).

frontiersin.org


https://doi.org/10.3389/fnume.2023.1169650
https://www.frontiersin.org/journals/nuclear-medicine
https://www.frontiersin.org/

Healy et al.

NCT04868604 is a phase 1/2 clinical trial that aims to
evaluate the safety, dosimetry, and therapeutic potential of
two copper-labeled PSMA-targeting agents, **Cu-SAR-bisPSMA
and “Cu-SAR-bisPSMA, for identifying and treating PSMA-
expressing metastatic castration-resistant prostate cancer (17).

NCT04430192 safety,
appropriate dosage of '"’Lu-PSMA
PSMA-expressing high-risk localized or locoregional advanced

assesses the effectiveness, and

in men with high

prostate cancer undergoing radical prostatectomy and pelvic
lymph node dissection. The trial evaluates the radiation dose
absorbed, imaging response, biochemical response, pathological
response, adverse effects, surgical safety, and quality of life.
Patients will receive one or two cycles of '7’Lu-PSMA before
surgery (18).

NCT05420727 evaluates the use of **Ga-PSMA-11 PET/CT
for imaging and '’Lu-ITG-PSMA-1 treatment, in patients with
soft tissue sarcomas (19).

4. Examples of clinical trials targeting
novel receptors

There are early phase trials targeting a host of receptors. For
example, there are several types of Fibroblast Growth Factor
Receptors (FGFR), transmembrane receptors associated with cell
growth and invasiveness. Mutations in this receptor have been
associated with a spectrum of tumor types. Radioimmunotherapy
(RIT) is a type of targeted therapy that involves using a radioactive
isotope conjugated to a monoclonal antibody (mAb) to selectively
deliver radiation and immunotherapy to cancer cells expressing the
targeted protein. Studies have suggested that FGFR3 is associated
with bladder cancer and multiple myeloma (20). Research is ongoing
dosing schedule and
combination of therapies including FGFR3-targeted therapy.
NCT05363605 is an example of an early phase trial evaluating
safety, tolerability, and distribution of 225Ac-FPI-1966, "In-FPI-
1967, and vofatamab (anti-FGFR3 antibody) in patients with
FGFR3-expressing solid tumors. The study includes 5 dose escalation

to optimize the clinical application,

cohorts, and a subsequent expansion cohort of two tumor-specific
cohorts and one basket cohort. The study evaluate the impact of
vofatamab given prior to TRT on the dosimetry and tolerability of
225 Ac-FPI-1966 and '''In-FPI-1967 (21).

Several tumor types are characterized by a strong desmoplastic
reaction resulting in cancer-associated fibrosis and many of
these fibroblasts differ from normal fibroblasts through their
expression of a Fibroblast Activation Protein (FAP). NCT04849247
is an early phase trial investigating the safety and efficacy of **Ga-
DOTA-FAPI and "’Lu-DOTA-FAPI, to diagnose and treat a
spectrum of advanced or metastatic cancers. A baseline PET/CT
with ®*Ga-DOTA-FAPI is used to identify patients eligible for
77Lu-DOTA-FAPI therapy, which is then administered in escalating
doses to determine the Recommended Phase 2 Dose (RP2D) of the
treatment (22). NCT04939610 is a similar study that investigates the
safety and efficacy of **Ga-DOTA-FAPI and '""Lu-DOTA-FAPI in
patients with locally advanced or metastatic cancer. This study also
uses a *®*Ga-DOTA-FAPI PET/CT scan to identify patients eligible
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for "’Lu-DOTA-FAPI therapy, which is administered in escalating
doses to obtain the RP2D of '”"Lu-DOTA-FAPI (23).

CCK2 receptors have been shown to be overexpressed in various
cancers, including medullary thyroid cancer (MTC). Radiolabeled
peptides, such as '""Lu-DOTA-CCK, have been assayed in the
treatment of MTC (24). Also, use of '""Lu-DOTA-CCK in
combination with other treatments, such as chemotherapy, may
have promise in improving overall survival rates in patients with
advanced MTC. NCT02088645 aims to investigate '’’Lu-PP-
F11IN, a gastrin analog, for imaging and therapy in patients with
advanced medullary thyroid carcinoma (MTC), as well as
gastroenteropancreatic-neuroendocrine tumors (GEP-NET) and
NETs of the lung or thymus. The trial consists of two phases: a
pilot study to evaluate tumor detection and a dose escalation
phase to determine the maximum tolerated dose of '”’Lu-PP-
F1IN in patients with MTC. The study will also assess the
correlation between dose and treatment response, as well as organ
radiation exposure and the maximum tolerated dose, in order to
develop individualized therapy planning (25).

CD46 is a membrane-bound complement regulator protein that
is overexpressed in various cancer cells. CD46-targeted radionuclide
therapy has shown promising results in preclinical studies, with
significant tumor growth inhibition observed in various tumor
models (26). NCT05245006 is an early phase study that aims to
investigate the feasibility and safety of targeting CD46 in mCRPC
using an imaging biomarker and an antibody-drug conjugate (27).

Melanocortin sub-type 1 receptor (MCIR) is a G protein-
coupled receptor that plays a critical role in skin pigmentation and
is involved in the regulation of «cell proliferation and
differentiation. MCI1R has been identified as a potential target for
radionuclide therapy in melanoma, as its expression is highly
upregulated in melanoma cells compared to normal skin cells.
Preclinical studies have investigated the use of radiolabeled alpha-
melanocyte-stimulating hormone (o-MSH), a natural ligand of
MCIR, for targeted therapy
NCT04904120 aims to evaluate the safety and feasibility of using
the agents (**>Pb-VMTO1 and **Ga-VMTO02) to image melanoma
tumors expressing the melanocortin sub-type 1 receptor (MCIR).

radionuclide of melanoma.

The study has a cross-over design in which participants with stage
IV or inoperable stage III metastatic melanoma serve as their own
comparators. The primary outcome measure is the safety and
tolerability of the imaging agents, and the results will be used to
guide the development of imaging and dosing for future trials of
*12Pb-VMTOL1 in the treatment of metastatic melanoma (28).

5. Conclusion

The field of nuclear medicine is growing field and the use of TRT
for imaging and therapy is becoming increasingly ubiquitous in
clinical trials and routine clinical practice. Obstacle include the risk
of radiation exposure and associated adverse events. Often side
these
myelosuppression. Several ongoing trials aim to reduce toxicity and

effects from therapies include fatigue, nausea and

enhance efficacy by combining TRT with pre-medication or other
therapies. Larger clinical trials are needed to provide high-quality
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evidence on optimal dosing and timing of when to include TRT in the
algorithm of patient care along the course of their disease. A handful
of early phase trials illustrate the continued search for novel TRT with
improved specificity for cancer cells and identification of new targets
beyond SSTR and PSMA.

We hope this brief overview inspires interest in the area of TRT
and showcases the current state of radionuclide therapies in clinical
trials, and emerging field with very promising new treatment
options for our cancer patients.

Author contributions

All authors have contributed to the preparation, drafting, and
revision of this manuscript. All authors contributed to the article
and approved the submitted version.

Conflict of interest

PK is a consultant and/or speaker for Amgen, Bayer, Blue Earth
Diagnostics, Chimerix, Eisai, Fusion Pharma, General Electric

References

1. ClinicalTrials.gov. Available at: https://clinicaltrials.gov (Accessed June 3, 2023)

2. Bodei L, Mueller-Brand J, Baum RP, Pavel ME, Horsch D, O’Dorisio TM, et al.
The joint ITAEA, EANM, and SNMMI practical guidance on peptide receptor
radionuclide therapy (PRRNT) in neuroendocrine tumours. Eur ] Nucl Med Mol
Imaging. (2013) 40(5):800-16. doi: 10.1007/s00259-012-2330-6

3. Duan H, Iagaru A, Aparici CM. Radiotheranostics—precision medicine in nuclear
medicine and molecular imaging. Nanotheranostics. (2022) 6(1):103-17. doi: 10.7150/
ntno.64141

4. Fortunati E, Bonazzi N, Zanoni L, Fanti S, Ambrosini V. Molecular imaging
theranostics of neuroendocrine tumors. Semin Nucl Med. (2023) 53(4):539-554.
doi: 10.1053/j.semnuclmed.2022.12.007

5. Baratto L, Jadvar H, Iagaru A. Prostate cancer theranostics targeting gastrin-
releasing peptide receptors. Mol Imaging Biol. (2018) 20(4):501-9. doi: 10.1007/
s11307-017-1151-1

6. Strosberg ], El-Haddad G, Wolin E, Hendifar A, Yao ], Chasen B, et al. Phase 3
trial of '”’Lu-dotatate for midgut neuroendocrine tumors. N Engl | Med. (2017) 376
(2):125-35. doi: 10.1056/NEJMoal607427

7. Pavel M, Oberg K, Falconi M, Krenning EP, Sundin A, Perren A, et al.
Gastroenteropancreatic neuroendocrine neoplasms: ESMO  clinical ~ practice
guidelines for diagnosis, treatment and follow-up. Ann Oncol. (2020) 31(6):844-60.
doi: 10.1016/j.annonc.2020.03.304

8. O’Dorisio S. Dosimetry-Guided, Peptide Receptor Radiotherapy (PRRT) With
90Y-DOTA- tyr3-Octreotide (90Y-DOTATOC). Clinicaltrials.gov (2017). Available
at: https://clinicaltrials.gov/ct2/show/NCT03273712 (Accessed February 15, 2023)

9. Clarity Pharmaceuticals Ltd. 67Cu-SARTATE™ Peptide Receptor Radionuclide
Therapy Administered to Pediatric Patients With High-Risk, Relapsed, Refractory
Neuroblastoma. Clinicaltrials.gov (2019). Available at: https://clinicaltrials.gov/ct2/
show/NCT04023331 (Accessed February 15, 2023)

10. Galgano S. [68Ga]DOTATATE-PET/MRI in Hepatocellular Carcinoma (2018).
Available at: https://clinicaltrials.gov/ct2/show/NCT03648073 (Accessed February 15,
2023)

11. Hofman MS, Violet J, Hicks RJ, Ferdinandus J, Thang SP, Akhurst T, et al.
[177Lu]-PSMA-617 radionuclide treatment in patients with metastatic castration-
resistant prostate cancer (LuPSMA trial): a single-centre, single-arm, phase 2 study.
Lancet Oncol. (2018) 19(6):825-33. doi: 10.1016/S1470-2045(18)30198-0

12. Rahbar K, Afshar-Oromieh A, Jadvar H, Ahmadzadehfar H. PSMA theranostics:
current status and future directions. Mol Imaging. (2018) 17:1536012118776068.
doi: 10.1177/1536012118776068

13. Kratochwil C, Bruchertseifer F, Giesel FL, Weis M, Verburg FA, Mottaghy F,
et al. Ac-225-PSMA-617 for PSMA-targeted o-radiation therapy of metastatic

Frontiers in Nuclear Medicine

10.3389/fnume.2023.1169650

Healthcare, Invicro, Novartis, Radionetics, and UroToday. He is
a recipient of research grants from Blue Earth Diagnostics and
General Electric Healthcare. KZ is a consultant for Invicro and
Fusion Pharmaceuticals.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

The author(s) KZ declared that they were an editorial
board member of Frontiers, at the time of submission. This
had no impact on the peer review process and the final
decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
those of the publisher, the
Any product that may be

affiliated organizations, or
and the
evaluated in this article, or claim that may be made by

editors reviewers.

its manufacturer, is not guaranteed or endorsed by the
publisher.

castration-resistant prostate cancer. J Nucl Med. (2016) 57(12):1941-4. doi: 10.2967/
jnumed.116.178673

14. Australian and New Zealand Urogenital and Prostate Cancer Trials Group.
A Trial of 177Lu-PSMA617 Theranostic Versus Cabazitaxel in Progressive
Metastatic Castration Resistant Prostate Cancer (TheraP) (2018). Available at:
https://clinicaltrials.gov/ct2/show/NCT03392428 (Accessed February 15, 2023)

15. Hofman MS, Emmett L, Sandhu S, Iravani A, Joshua AM, Goh JC, et al. [177Lu]
Lu-PSMA-617 versus cabazitaxel in patients with metastatic castration-resistant
prostate cancer (TheraP): a randomised, open-label, phase 2 trial. Lancet. (2021)
397(10276):797-804. doi: 10.1016/S0140-6736(21)00237-3

16. External Beam Therapy With Theranostic Radioligand Therapy for
Oligometastatic Prostate Cancer (ProstACT TARGET)—Full Text View—
ClinicalTrials.gov. ~Available at: https:/clinicaltrials.gov/ct2/show/NCT05146973
(Cited February 14, 2023) (Accessed February 15, 2023)

17. Clarity Pharmaceuticals Ltd. A Phase I/Ila Theranostic Study of 64Cu-SAR-
bisPSMA and 67Cu-SAR-bisPSMA for Identification and Treatment of PSMA-
expressing Metastatic Castrate Resistant Prostate Cancer. clinicaltrials.gov. Report
No.. NCT04868604 (2023). Available at: https://clinicaltrials.gov/ct2/show/
NCT04868604 (Cited February 13, 2023) (Accessed February 15, 2023)

18. Peter MacCallum Cancer Centre, Australia. Study of the Dosimetry, Safety and
Potential Benefit of 177Lu-PSMA-617 Radionuclide Therapy Prior to Radical
Prostatectomy in Men With High-risk Localised Prostate Cancer. clinicaltrials.gov.
Report No.: NCT04430192 (2022). Available at: https://clinicaltrials.gov/ct2/show/
NCT04430192 (Cited February 13, 2023) (Accessed February 15, 2023)

19. Prior JO. Theranostics in Soft Tissue Sarcoma Using a Vascular Disruption
Approach. clinicaltrials.gov. Report No.: NCT05420727 (2023). Available at: https://
clinicaltrials.gov/ct2/show/NCT05420727 (Cited February 13, 2023) (Accessed
February 15, 2023)

20. Tomlinson DC, Baldo O, Harnden P, Knowles MA. FGFR3 protein expression
and its relationship to mutation status and prognostic variables in bladder cancer.
J Pathol. (2007) 213(1):91-8. doi: 10.1002/path.2207

21. Fusion Pharmaceuticals Inc. A Phase 1/2 Study of [225Ac]-FPI-1966, [111In]-
FPI-1967, and Vofatamab in Participants With FGFR3-expressing Advanced,
Inoperable, Metastatic and/or Recurrent Solid Tumours. clinicaltrials.gov. Report
No.. NCT05363605 (2022). Available at: https://clinicaltrials.gov/ct2/show/
NCT05363605 (Cited February 13, 2023) (Accessed February 15, 2023)

22. The First Affiliated Hospital of Xiamen University. *®*Ga-DOTA-FAPI and
177Lu-DOTA-FAPI Theranostic Pair in Patients With Various Types of Cancer
(Locally Advanced or Metastatic Cancer). clinicaltrials.gov. Report No.:
NCT04849247 (2021). Available at: https://clinicaltrials.gov/ct2/show/NCT04849247
(Cited February 13, 2023) (Accessed February 15, 2023)

frontiersin.org


https://clinicaltrials.gov
https://doi.org/10.1007/s00259-012-2330-6
https://doi.org/10.7150/ntno.64141
https://doi.org/10.7150/ntno.64141
https://doi.org/10.1053/j.semnuclmed.2022.12.007
https://doi.org/10.1007/s11307-017-1151-1
https://doi.org/10.1007/s11307-017-1151-1
https://doi.org/10.1056/NEJMoa1607427
https://doi.org/10.1016/j.annonc.2020.03.304
https://clinicaltrials.gov/ct2/show/NCT03273712
https://clinicaltrials.gov/ct2/show/NCT04023331
https://clinicaltrials.gov/ct2/show/NCT04023331
https://clinicaltrials.gov/ct2/show/NCT03648073
https://doi.org/10.1016/S1470-2045(18)30198-0
https://doi.org/10.1177/1536012118776068
https://doi.org/10.2967/jnumed.116.178673
https://doi.org/10.2967/jnumed.116.178673
https://clinicaltrials.gov/ct2/show/NCT03392428
https://doi.org/10.1016/S0140-6736(21)00237-3
https://clinicaltrials.gov/ct2/show/NCT05146973
https://clinicaltrials.gov/ct2/show/NCT04868604
https://clinicaltrials.gov/ct2/show/NCT04868604
https://clinicaltrials.gov/ct2/show/NCT04430192
https://clinicaltrials.gov/ct2/show/NCT04430192
https://clinicaltrials.gov/ct2/show/NCT05420727
https://clinicaltrials.gov/ct2/show/NCT05420727
https://doi.org/10.1002/path.2207
https://clinicaltrials.gov/ct2/show/NCT05363605
https://clinicaltrials.gov/ct2/show/NCT05363605
https://clinicaltrials.gov/ct2/show/NCT04849247
https://doi.org/10.3389/fnume.2023.1169650
https://www.frontiersin.org/journals/nuclear-medicine
https://www.frontiersin.org/

Healy et al.

23. Clovis Oncology, Inc. LuMIERE: A Phase 1/2, Multicenter, Open-label, Non-
randomized Study to Investigate Safety and Tolerability, Pharmacokinetics,
Dosimetry, and Preliminary Activity of 177Lu-FAP-2286 in Patients With an
Advanced Solid Tumor. clinicaltrials.gov. Report No.. NCT04939610 (2022).
Available at: https://clinicaltrials.gov/ct2/show/NCT04939610 (Cited February 13,
2023) (Accessed February 15, 2023)

24. Salavati A, Puranik A. Peptide receptor radionuclide therapy (PRRT) of medullary
and nonmedullary thyroid cancer using radiolabeled somatostatin analogues. Semin Nucl
Med. (2016) 46(3):215-24. doi: 10.1053/j.semnuclmed.2016.01.010

25. University Hospital, Basel, Switzerland. 177Lu-PP-F11N for Receptor Targeted
Therapy and Imaging (Theranostics) of Metastatic Medullary Thyroid Cancer—a
Pilot and a Phase I Study. clinicaltrials.gov. Report No.. NCT02088645 (2022).
Available at: https://clinicaltrials.gov/ct2/show/NCT02088645 (Cited February 13,
2023) (Accessed February 15, 2023)

Frontiers in Nuclear Medicine

06

10.3389/fnume.2023.1169650

26. Elvington M, Liszewski MK, Atkinson JP. CD46 and oncologic interactions:
friendly fire against cancer. Antibodies (Basel). (2020) 9(4):59. doi: 10.3390/
antib9040059

27. Flavell R. A First-in-Human, Pilot PET Imaging Study of 89Zr-DFO-YS5, an
immunoPET Agent for Detecting CD46 Positive Malignancy in Men With Prostate
Cancer. clinicaltrials.gov. Report No.: NCT05245006 (2022). Available at: https://
clinicaltrials.gov/ct2/show/NCT05245006 (Cited February 13, 2023) (Accessed
February 15, 2023)

28. Viewpoint Molecular Targeting. A Phase 1 Cross-over Biodistribution Study of
[203Pb]VMTO1 for Single Photon Emission Computed Tomography (SPECT)
Imaging and [68Ga]VMTO02 for Positron Emission Tomography (PET) Imaging of
Stage IV Metastatic Melanoma. clinicaltrials.gov. Report No.: NCT04904120 (2022).
Available at: https://clinicaltrials.gov/ct2/show/NCT04904120 (Cited February 13,
2023) (Accessed February 15, 2023)

frontiersin.org


https://clinicaltrials.gov/ct2/show/NCT04939610
https://doi.org/10.1053/j.semnuclmed.2016.01.010
https://clinicaltrials.gov/ct2/show/NCT02088645
https://doi.org/10.3390/antib9040059
https://doi.org/10.3390/antib9040059
https://clinicaltrials.gov/ct2/show/NCT05245006
https://clinicaltrials.gov/ct2/show/NCT05245006
https://clinicaltrials.gov/ct2/show/NCT04904120
https://doi.org/10.3389/fnume.2023.1169650
https://www.frontiersin.org/journals/nuclear-medicine
https://www.frontiersin.org/

	A brief overview of targeted radionuclide therapy trials in 2022
	Introduction
	Examples of clinical trials targeting SSTR
	Example of clinical trials targeting PSMA
	Examples of clinical trials targeting novel receptors
	Conclusion
	Author contributions
	Conflict of interest
	Publisher's note
	References


