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A B S T RAC   T
With the growth and surge of prostate cancer theranostics globally, multiple targeted radionuclide therapy (TRT) agents have been utilized 
to aim to provide a tumoricidal effect to patients who would benefit from TRT. Despite the fact that approved isotopes such as Strontium-89, 
Samarium-153 and Radium-223 exist, Lutetium-177 prostate specific membrane antigen (PSMA) has revolutionized the impact of radioligand 
therapy (RLT) in this domain. Key defining clinical trials such as the VISION, TheraP and PSMAfore trials have given clear evidence of the ben-
efit of PSMA RLT in the treatment landscape of metastatic castrate resistant prostate cancer. A number of other radioisotopes in the PSMA RLT 
domain have also more recently come into the field, notably Terbium-161, Copper- 67 and Iodine-131. Targeted Alpha Therapy (TAT) has grown 
significantly as well over the last few years owing to physical properties of its high linear energy transfer and DNA damage provided by alpha 
particles in comparison to beta particles. Actinium-225 PSMA based TAT has formed the basis of prostate cancer theranostics since its initial 
application, however, many other alpha isotopes are being explored owing to some of the side effects that Actinium-225 presents. Astatine-211, 
owing to its shorter half-life, has become a more attractive option for its potential utilization in prostate cancer theranostics. Whilst there is 
preclinical work detailing its efficacy in suppressing tumor growth and limited toxicity profiles, translation into humans is still in its infancy and 
requires further exploration. A number of clinical trials have utilized Astatine-211 in other malignancies with virtually no work related to prostate 
cancer. Moreover, the logistics and infrastructure required to support global efforts to make Astatine-211 more readily available should be high 
on the agenda as well. This narrative review of the literature aims to showcase the current status of Astatine-211 efforts in prostate cancer care 
with available data (including clinical trials).
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Prostate cancer is the second most common cancer pre-
senting in males and the fifth leading cause of cancer 

death amongst men worldwide.1 It is estimated that one in 
five men will develop prostate cancer in a lifetime.1 De-
velopments in the understanding of the biology of prostate 
cancer has led to the introduction of novel and effective 
therapy to improve overall survival in prostate cancer.2, 3 
Routine screening for prostate specific antigen (PSA) re-
mains at the forefront of diagnosis, however, genetic se-
quencing to understand tumor biology is at the forefront 
of investigations. Factors that influence the development 
of prostate cancer are mostly genetic and can be linked 

to multiple mutations which are continually being ex-
plored.2, 3 The prostate cancer treatment landscape initially 
entails targeting localized disease with radical prostatec-
tomy, hormonal therapy or radical radiotherapy with or 
without hormonal therapy. However, even with appropri-
ate primary care, these patients progress. Once the disease 
becomes metastatic, this is followed by first line hormonal 
therapy. Patients tend to develop progressive disease after 
castration and subsequently become castrate resistant. The 
treatment paradigm of castrate resistant disease includes 
a myriad of novel anti-androgens and cytotoxic chemo-
therapy.2-4 Prostate specific membrane antigen (PSMA), a 
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treatment response after progression from beta therapy 
and after failing standard of care in metastatic castrate 
resistant prostate cancer.15-17 Key work in chemotherapy 
naïve patients using Actinium-225 PSMA([225Ac]Ac-PS-
MA) demonstrated more than 90% decline in serum PSA 
in 82% of patients with 41% demonstrating undetectable 
PSA and remission 12 months post targeted alpha therapy 
(TAT) in this pilot study.18 The side effect profile is impor-
tant to keep in mind when using Actinium-225. A recent 
meta-analysis of xerostomia related treatment side effects 
utilizing [225Ac]Ac-PSMA as monotherapy reported 84% 
of patients reporting xerostomia, with 13% of patients re-
porting Grade 3 xerostomia.19 Hence the ongoing need for 
a more optimal PSMA-targeted RLT alpha agent is war-
ranted. The landscape of PSMA TAT with Actinium-225 
has laid the foundation for exploration of TRT with other 
amenable alpha radionuclides, namely, Lead-212 ([212Pb]
Pb), Bismuth-213 ([213Bi]Bi), Radium-223 ([223Ra]Ra), 
Thorium-227 ([227Th]Th), all of which have been labelled 
with PSMA in the preclinical and clinical setting.20 Asta-
tine-211, which is one of the newer alpha emitters being 
explored in TAT has been utilized not only in prostate can-
cer but explored in a number of other malignancies.21 Ow-
ing to the paucity of data in prostate cancer utilizing Asta-
tine-211, this review aims to paint the narrative for the po-
tential role of Astatine-211 PSMA in prostate cancer TRT.

Literature search

A comprehensive literature search was performed in the 
PubMed, EbscoHost, Web of Science Scopus, and Co-
chrane databases to identify articles published up until 
March 2025 regarding the role of nuclear medicine and 
molecular imaging and TRT with astatine-211 and prostate 
cancer. Different combinations of search terms (and their 
various permutations) were used including “astatine-211,” 
“prostate cancer,” “metastatic castrate resistant prostate 
cancer,” “PSMA,”. Editorials and recent conference ab-
stracts were utilized to garner relevant material. The refer-
ences of the resultant articles were also used to identify 

750 amino acid transmembrane glycoprotein, is expressed 
significantly in prostate cancer cells and, as such, targeted 
therapy utilizing radionuclides has become a significant 
component of the treatment landscape of metastatic cas-
trate resistant prostate cancer (mCRPC). Prospective trials 
for targeted PSMA therapy has been demonstrated with 
beta emitters using Lutetium-177 PSMA ([177Lu]Lu-PS-
MA).3, 5-7 Studies such as the VISION trial demonstrated 
improved overall survival and quality of life in patients 
who received [177Lu]Lu-PSMA against standard of care.7 
The TheraP study reported significantly improved pros-
tate-specific antigen responses with [177Lu]Lu-PSMA-617 
against cabazitaxel in men with metastatic castration-re-
sistant prostate cancer progressing after docetaxel; thereby 
recommending [177Lu]Lu-PSMA as an alternative to ca-
bazitaxel for PSMA-positive mCRPC progressing after 
docetaxel.8 More recently, the PSMAfore trial reported 
[177Lu]Lu-PSMA-617 prolonged radiographic progres-
sion-free survival relative to androgen receptor pathway 
inhibitors (ARPI) change in patients treated with [177Lu]
Lu-PSMA, there by concluding that patients [177Lu]Lu-
PSMA may be an effective treatment alternative in patients 
with PSMA positive mCRPC who are being considered for 
a change of ARPI after progression on a previous ARPI.9

Currently there are a number of trials (Table I) utilizing 
novel beta emitters in PSMA RLT. The VIOLET trial is of 
interest owing to the properties of Terbium-161 emitting 
an Auger electron as well thereby potentially targeting mi-
crometastases.13 One other trial to note is a Phase II trial 
utilizing [131I]I-PSMA-1095. Authors in this single-arm, 
phase 2 trial, aimed to assess efficacy and tolerability of 
[131I]I-PSMA-1095 in mCRPC patients who had exhaust-
ed all lines of approved therapy. They demonstrated that 
[131I]I-PSMA-1095 is highly active against heavily-pre-
treated PSMA-positive mCRPC, thereby significantly de-
creasing tumor burden. Haematological side effects were 
not completely mitigated owing to potential off-target ir-
radiation.14

PSMA RLT, however, can also be achieved with al-
pha emitters, and these have been utilized to demonstrate 

Table I.—��PSMA RLT trials utilizing novel beta emitters.
Trial name NCT Phase Radiopharmaceutical Outcome (if completed)
ARROW 03939689 2 [131I]I-MPI1095 + Enzalutamide A statistically significant higher PSA50 (63% versus 31%, P=0.003) among 

subjects who received 131I-LNTH-1095 in addition to standard-of-care 
enzalutamide.10

SECuRE 04868604 1 / 2 [67Cu]Cu-SAR-bisPSMA No dose limiting toxicities identified with strong preliminary efficacy data 
demonstrated in the first multidose cohort. Currently dosing for Phase 2.

VIOLET 05521412 1 / 2 [161Tb]Tb-PSMA The beta radiation absorbed dose following [161Tb]Tb-PSMA I&T are within 
a safe and expected range for normal organs thus far.11, 12
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Both decay processes produce X-rays which allow for sin-
gle photon emission computed tomography (SPECT) im-
aging. Owing to the lack of stable isotopes, Astatine-211 
has not been well studied, added to this its complex chem-
istry. The carbon-astatine bonds are weak which allow for 
free astatine to abound. As such, free astatine can accumu-
late in the thyroid gland, stomach, spleen and lung.20

Studies related to Astatine-211 in prostate cancer

Preclinical

Limited preclinical work exists detailing the utilization of 
PSMA RLT (Table II). One of the first studies utilized a 
urea-based molecule chelated to Astatine-211 ((2S)-2-(3-
(1-carboxy-5-(4-211At-astatobenzamido) pentyl) ureido)-
pentanedioic acid). In the prostate cancer (PCa) xeno-
grafts, there was a marked reduction in the growth of the 
tumor with improved survival in mice who possessed mi-
crometastases.23

More recently, Watabe et al. developed a PSMA com-
pound based on [18F]F-PSMA1007 for targeting prostate 
cancer. Of the compounds utilized, their lead compound, 
PSMA5, was shown to be the most effective in target-
ing prostate cancer micrometastases.28 This was followed 
by another study reviewing the biodistribution and toxic-
ity in a xenograft and primate model in preparation for 
the first-in-human translation. The results demonstrated 

additional manuscripts. A total of 37 key articles were 
identified that discussed the spectrum of astatine-211 and 
its impact on prostate cancer theranostics. These articles 
form the basis of this manuscript.

Key notes on Astatine-211

Astatine is reported to have first been synthesized in 1940, 
with is first in-human use reported in the early 1950s.21 
Astatine has been described as one of the rarest elements 
to be found on earth, however, it can be produced in cy-
clotrons.21, 22 Astatine-211 [211At]At is an alpha emitting 
element, undergoing alpha decay (42%), emitting one par-
ticle per decay. It has half-life of 7.2 hours which makes 
it an ideal radiopharmaceutical for radionuclide therapy 
in comparison to other alpha emitters that have a lon-
ger decay series such as [227Th]Th, [223Ra]Ra, [212Pb]Pb, 
[212Bi]Bi and [225Ac]Ac. The half-life allows for decreased 
tissue exposure to the isotope but is long enough to ensure 
shipping from the production site.21 The one alpha particle 
per decay may help to simplify dosimetry calculations 
and evade the potential of exposure to undesirable daugh-
ter products. The decay scheme of [211At]At is associated 
with an alpha decay to Bismuth-207 [207Bi]Bi (half-life 
33 years) and electron capture to stable Lead-207 [207Pb]
Pb.22 Astatine can also undergo electron capture (58%) 
to Polonium-211(half-life 0.53 ms), releasing an alpha 
particle(7.5MeV) which then becomes stable [207Pb]Pb. 

Table II.—��Preclinical studies on astatine-211 PSMA.
Radiopharmaceutical Tumor model Key outcome
(2S)-2-(3-(1-carboxy-5-(4-211At-

astatobenzamido)pentyl)ureido)-
pentanedioic acid [211At]At-6)

PC3 PIP Xenograft Better tumor uptake against comparator at 18 hours. Renal uptake of [211At]-6 was 
only 50-70% of that observed for 131I-6 at all time points.23

[211At]At-RPS-027 LNCaP-xenograft RPS-027 shows dual targeting to PSMA and albumin, higher tumor uptake, 
favorable biodistribution.24

[211At]At-PSMA-769 PC3 PIP- Xenograft [211At]At-PSMA-769 uptake in PC3 PIP tumors higher than [131I]I-PSMA-769 at 
4 h (9.6±1.6%ID/g versus 7.8±1.6%ID/g; lower nephrotoxicity.25

[211At]At-B10-Sav-PEGylated LuG/
[211At]At-B10-HAS-PEGylated LuG

C4-2B xenograft Utilizing PEGylated LuG derivatives to proteins can be an effective mechanism to 
diminish kidney localization of radiolabeled LuG reagents.26

[211At]At-GV-620 PC3 PIP- Xenograft Good localization in PC3 PSMA+ Improved stability in vivo; higher tumor-to-
normal tissue ratios.27

[211At]At-PSMA5 LnCaP- xenograft Higher tumor retention of [211At]At-PSMA5 compared to [211At]At-PSMA-1 and 
[211At]At-PSMA-6; kidney excretion was better in [211At]At-PSMA-1 compared 
to [211At]At-PSMA-5 and [211At]At-PSMA-6.28

[211At]At-3-Lu PC3 PIP - xenograft Adequate tumor-to-salivary gland and tumor-to-kidney ratios.29

[211At]At-PSAt-3-Ga LNCaP Demonstrated increased tumor uptake at 1 h and 24 hours. Uptake in off-target 
tissues low.30

[211At]At-PSMA5 Xenograft
Cynomolgus monkeys

No significant myelosuppression or renal dysfunction in the mice. Mild leukopenia 
24 h post-administration in the monkeys.31

[211At]At-PSMA5 vs.  
[225Ac]Ac-PSMA 617

LNCaP; PC3 225Ac-PSMA-617 nuclide had decreased intracellular uptake with minimal 
evidence demonstrating uptake by PC3 cells. 211At-PSMA-5 was taken up by 
PC3 cells and LNCaP cells.32



ASTATINE-211 IN TRT IN PROSTATE CANCER	HLONG WA

Vol. 69 - No. 2	 The Quarterly Journal of Nuclear Medicine and Molecular Imaging	 183

To date, only one case report exists detailing the first-
in human translation of [211At]At-PSMA5. This was per-
formed in a patient in their 70s with mCRPC refractory to 
current standard of care which included androgen receptor 
signaling inhibitors, docetaxel and cabazitaxel. Post ther-
apy imaging with [211At]At-PSMA5 showed concordant 
uptake with diagnostic imaging thereby providing proof-
of-concept of the theranostic applicability of utilising As-
tatine-211 PSMA based TAT.34

In addition, Japan is leading with a Phase 1 clinical trial 
(NCT06441994) utilizing [211At]At-PSMA5 as a dose es-
calation study to ascertain the recommended Phase II dose 
by reviewing tolerability, safety, pharmacokinetics, ab-
sorbed dose, and efficacy of [211At]At-PSMA5.

Future directions and conclusion

Astatine-211 PSMA TAT holds great promise for the 
clinical domain, particularly in addressing the potential of 
treating micrometastases in prostate cancer. Astatine-211 
TAT is challenged for routine implementation on current 
production and sourcing of the isotope. The requirement 
for accelerators that will generators the required 28 – 
29MeV alpha particle beam is something to be mindful of. 

no significant myelosuppression or renal dysfunction in 
the xenograft model. Mild leukopenia was seen in the 
primate model 24 hours post administration of [211At]At-
PSMA5. However, no severe toxicities were observed in 
both models.31

Kaneda-Nakashima et al. has also compared the per-
formance of [225Ac]Ac-PSMA against [211At]At-PSMA5. 
With varying physical properties and half-lives, Asta-
tine-211 demonstrated no less cytotoxicity when compared 
to Actinium-225 labelled PSMA, and its shorter half-life 
does allow for closer dose scheduling potentially.32 An-
other group reviewed a novel neopentyl-glycol structure 
linked to PSMA to enhance in-vivo stability against des-
tination. Higher uptake was seen in the tumor with insig-
nificant uptake in non-target organs such as the thyroid, 
stomach and salivary glands in xenograft models.33

Clinical

Much of the work in clinical translation is seen with many 
studies using Astatine-211 in a number of other malignan-
cies. These studies have targeted different malignancies, 
including ovarian cancer, differentiated thyroid cancer, 
metastatic brain tumors, multiple myeloma and prostate 
cancer (Table III).21

Table III.—��Astatine-211 clinical trials in the public domain, available from clinicaltrials.gov.
Institution Malignancy Status of trial Study objective(s) Target Primary outcome
Gothenburg, Sweden
NCT04461457

Ovarian cancer Completed Treatment
Early phase 1

MX-35 F(ab’)2 Maximum concentration 
of At-211

Area under curve (AUC) 
of At-211

Toxicity
Osaka University Hospital
NCT05275946

Differentiated 
Thyroid cancer

Recruiting Treatment NIS Treatment related 
adverse events

Dose limiting toxicity
Duke University
NCT00003461

Primary or Metastatic 
Brain tumors

Completed Toxicity
Therapeutic treatment 

response

Monoclonal antibody 
81C6

Dose escalation

Osaka University Hospital
NCT06441994

Prostate cancer Recruiting Treatment PSMA Treatment related 
adverse events

Dose limiting toxicity
Fred Hutchinson Cancer Centre
NCT04083183

Non-malignant 
neoplasm

Suspended pending 
FDA clinical hold

Treatment Monoclonal antibody 
BC8-B10

Graft rejection

Fred Hutchinson Cancer Centre 
NCT04466475

multiple myeloma Withdrawn Treatment Monoclonal antibody 
OKT10-B10

Maximum tolerated dose

Fred Hutchinson Cancer Centre
NCT04579523

Newly diagnosed, 
recurrent, or 
refractory high-risk 
multiple myeloma

Not yet recruiting Treatment Monoclonal antibody 
OKT10-B10

Maximum tolerated dose

Fred Hutchinson Cancer Centre
NCT03670966

Relapsed or 
refractory high-risk 
acute leukemia or 
myelodysplastic 
syndrome

Recruiting Treatment Monoclonal antibody 
BC8-B10

Toxicity
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with progressive metastatic castration-resistant prostate cancer (PSMA-
fore): a phase 3, randomised, controlled trial. Lancet 2024;404:1227–39. 
10.  Yu EY, Narayan V, Esposito G, Szmulewitz R, Lu Y, Lilly M, et al. 
1604P PSMA-targeted radioligand therapy (RLT) with 131I-LNTH-1095 
(1095) plus enzalutamide (enza) vs enza alone in chemotherapy-
na&#xef;ve patients (pts) whose piflufolastat F 18-avid metastatic castra-
tion-resistant prostate cancer (mCRPC) progressed on abiraterone (abi): 
ARROW. Ann Oncol 2024;35:S967–8. 
11.  Buteau JP, Kostos L, Alipour R, Jackson P, McInstosh L, Emmerson 
B, et al. Clinical Trial Protocol for VIOLET: A Single-Center, Phase I/
II Trial Evaluation of Radioligand Treatment in Patients with Metastatic 
Castration-Resistant Prostate Cancer with [161Tb]Tb-PSMA-I&T. J Nucl 
Med 2024;65:1231–8. 
12.  Buteau J, McIntosh L, Jackson P, Emmerson B, Kostos L, Alipour 
R, et al. Radiation absorbed dose in patients with metastatic castration-
resistant prostate cancer treated with [161Tb]Tb-PSMA-I&T. J Nucl Med 
2024;65(Suppl 2):242506. 
13.  Müller C, Reber J, Haller S, Dorrer H, Bernhardt P, Zhernosekov K, 
et al. Direct in vitro and in vivo comparison of (161)Tb and (177)Lu us-
ing a tumour-targeting folate conjugate. Eur J Nucl Med Mol Imaging 
2014;41:476–85. 
14.  Liu RF, Ferrario C, Fallah P, Rose AA, Labidi S, Mamo A, et al. A 
phase 2, single-arm trial evaluating 131I-PSMA-1095 targeted radioli-
gand therapy for metastatic castration-resistant prostate cancer. Nucl Med 
Commun 2024;45. 
15.  Feuerecker B, Tauber R, Knorr K, Heck M, Beheshti A, Seidl C, et al. 
Activity and Adverse Events of Actinium-225-PSMA-617 in Advanced 
Metastatic Castration-resistant Prostate Cancer After Failure of Lutetium-
177-PSMA. Eur Urol 2021;79:343–50. 
16.  Kratochwil C, Bruchertseifer F, Giesel FL, Weis M, Verburg FA, 
Mottaghy F, et al. 225Ac-PSMA-617 for PSMA-Targeted α-Radiation 
Therapy of Metastatic Castration-Resistant Prostate Cancer. J Nucl Med 
2016;57:1941–4. 
17.  Kratochwil C, Haberkorn U, Giesel FL. Radionuclide Therapy of 
Metastatic Prostate Cancer. Semin Nucl Med 2019;49:313–25. 
18.  Sathekge M, Bruchertseifer F, Knoesen O, Reyneke F, Lawal I, Len-
gana T, et al. 225Ac-PSMA-617 in chemotherapy-naive patients with 
advanced prostate cancer: a pilot study. Eur J Nucl Med Mol Imaging 
2019;46:129–38. 
19.  Al-Ibraheem A, Moghrabi S, Sathekge MM, Abdlkadir AS. Evaluat-
ing Xerostomia as a side effect of [255Ac]Ac-PSMA therapy in prostate 
cancer: a systematic review and meta-analysis. Eur J Nucl Med Mol Imag-
ing 2025. [Epub ahead of print] 
20.  Poty S, Francesconi LC, McDevitt MR, Morris MJ, Lewis JS. 
α-Emitters for Radiotherapy: From Basic Radiochemistry to Clinical 
Studies-Part 1. J Nucl Med 2018;59:878–84. 
21.  Albertsson P, Bäck T, Bergmark K, Hallqvist A, Johansson M, An-
eheim E, et al. Astatine-211 based radionuclide therapy: current clinical 
trial landscape. Front Med (Lausanne) 2023;9:1076210. 
22.  Feng Y, Zalutsky MR. Production, purification and availability of 
211At: near term steps towards global access. Nucl Med Biol 2021;100-
101:12–23. 
23.  Kiess AP, Minn I, Vaidyanathan G, Hobbs RF, Josefsson A, Shen C, et 
al. (2S)-2-(3-(1-Carboxy-5-(4-211At-Astatobenzamido)Pentyl)Ureido)-
Pentanedioic Acid for PSMA-Targeted α-Particle Radiopharmaceutical 
Therapy. J Nucl Med 2016;57:1569–75. 
24.  Kelly JM, Amor-Coarasa A, Nikolopoulou A, Wüstemann T, Barelli P, 
Kim D, et al. Dual-Target Binding Ligands with Modulated Pharmacokinet-
ics for Endoradiotherapy of Prostate Cancer. J Nucl Med 2017;58:1442–9. 
25.  Vaidyanathan G, Kang CM, McDougald D, Minn I, Brummet M, 
Pomper MG, et al. Brush border enzyme-cleavable linkers: evaluation for 
reducing renal uptake of radiolabeled prostate-specific membrane antigen 
inhibitors. Nucl Med Biol 2018;62-63:18–30. 
26.  Li Y, Chyan MK, Hamlin DK, Nguyen H, Vessella R, Wilbur DS. 
Evaluation of radioiodinated protein conjugates and their potential me-

More work into investing in capable infrastructure to make 
this a reality is required for the long-term longevity of as-
tatine-211 in strategic locations globally for widespread 
implementation. Currently only 15 countries are actively 
producing Astatine-211.35

From a preclinical perspective, more work is required 
to translating compounds into first-in-human studies that 
will allow mapping of safety profiles and optimizing doses 
that would be required to garner a good clinical outcome, 
particularly making sure non-target organs are not unnec-
essarily irradiated.

Continued support from international consortia and 
similar organizations (e.g. network for optimized astatine-
labeled radiopharmaceuticals (NOAR) needs to be top pri-
ority to allow for accelerated implementation worldwide.36 
As the treatment landscape of prostate cancer expands, it is 
likely, despite the current shortcomings, that Astatine-211 
will become a key part in the armamentarium of available 
radio nuclides for clinical translation.37

References

1.  Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, 
et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J 
Clin 2024;74:229–63. 
2.  Attard G, Parker C, Eeles RA, Schröder F, Tomlins SA, Tannock I, et 
al. Prostate cancer. Lancet 2016;387:70–82. 
3.  Sandhu S, Moore CM, Chiong E, Beltran H, Bristow RG, Williams 
SG. Prostate cancer. Lancet 2021;398:1075–90. 
4.  Gillessen S, Turco F, Davis ID, Efstathiou JA, Fizazi K, James ND, et 
al. Management of Patients with Advanced Prostate Cancer. Report from 
the 2024 Advanced Prostate Cancer Consensus Conference (APCCC). 
Eur Urol 2025;87:157–216. 
5.  Hofman MS, Emmett L, Sandhu S, Iravani A, Joshua AM, Goh JC, et 
al.; TheraP Trial Investigators and the Australian and New Zealand Uro-
genital and Prostate Cancer Trials Group. [177Lu]Lu-PSMA-617 versus 
cabazitaxel in patients with metastatic castration-resistant prostate cancer 
(TheraP): a randomised, open-label, phase 2 trial. Lancet 2021;397:797–
804. 
6.  Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, Thomas P, 
et al.; proPSMA Study Group Collaborators. Prostate-specific membrane 
antigen PET-CT in patients with high-risk prostate cancer before curative-
intent surgery or radiotherapy (proPSMA): a prospective, randomised, 
multicentre study. Lancet 2020;395:1208–16. 
7.  Sartor O, de Bono J, Chi KN, Fizazi K, Herrmann K, Rahbar K, et al.; 
VISION Investigators. Lutetium-177-PSMA-617 for Metastatic Castra-
tion-Resistant Prostate Cancer. N Engl J Med 2021;385:1091–103. 
8.  Hofman MS, Emmett L, Sandhu S, Iravani A, Buteau JP, Joshua AM, 
et al.; TheraP Trial Investigators and the Australian and New Zealand Uro-
genital and Prostate Cancer Trials Group. Overall survival with [177Lu]
Lu-PSMA-617 versus cabazitaxel in metastatic castration-resistant pros-
tate cancer (TheraP): secondary outcomes of a randomised, open-label, 
phase 2 trial. Lancet Oncol 2024;25:99–107. 
9.  Morris MJ, Castellano D, Herrmann K, de Bono JS, Shore ND, Chi 
KN, et al.; PSMAfore Investigators. 177Lu-PSMA-617 versus a change 
of androgen receptor pathway inhibitor therapy for taxane-naive patients 



ASTATINE-211 IN TRT IN PROSTATE CANCER	HLONG WA

Vol. 69 - No. 2	 The Quarterly Journal of Nuclear Medicine and Molecular Imaging	 185

32.  Kaneda-Nakashima K, Shirakami Y, Kadonaga Y, Watabe T, Ooe K, 
Yin X, et al. Comparison of Nuclear Medicine Therapeutics Targeting 
PSMA among Alpha-Emitting Nuclides. Int J Mol Sci 2024;25:933. 
33.  Yaginuma K, Takahashi K, Hoshi S, Joho T, Shimoyama S, Hasegawa 
N, et al. Novel astatine (211At)-labelled prostate-specific membrane anti-
gen ligand with a neopentyl-glycol structure: evaluation of stability, effi-
cacy, and safety using a prostate cancer xenograft model. Eur J Nucl Med 
Mol Imaging 2025;52:469–81. 
34.  Watabe T, Hatano K, Naka S, Sasaki H, Kamiya T, Shirakami Y, et al. 
First-in-human SPECT/CT imaging of [211At]PSMA-5: targeted alpha 
therapy in a patient with refractory prostate cancer. Eur J Nucl Med Mol 
Imaging 2024. [Epub ahead of print]
35.  Tosato M, Favaretto C, Kleynhans J, Burgoyne AR, Gestin JF, van der 
Meulen NP, et al. Alpha Atlas: mapping global production of α-emitting 
radionuclides for targeted alpha therapy. Nucl Med Biol 2025;142-
143:108990. 
36.  Action NO. CA19114 Network for Optimized Astatine labeled Ra-
diopharmaceuticals; 2025 [Internet]. Available from: https://astatine-net.
eu/ [cited 2025, May 29].
37.  Zimmermann R. Is 211At Really Happening? J Nucl Med 
2025;66:681–3. 

tabolites containing lysine-urea-glutamate (LuG), PEG and closo-decabo-
rate(2-) as models for targeting astatine-211 to metastatic prostate cancer. 
Nucl Med Biol 2021;92:217–27. 
27.  Vaidyanathan G, Mease RC, Minn I, Choi J, Chen Y, Shallal H, et 
al. Synthesis and preliminary evaluation of 211At-labeled inhibitors of 
prostate-specific membrane antigen for targeted alpha particle therapy of 
prostate cancer. Nucl Med Biol 2021;94-95:67–80. 
28.  Watabe T, Kaneda-Nakashima K, Shirakami Y, Kadonaga Y, Ooe K, 
Wang Y, et al. Targeted α-therapy using astatine (211At)-labeled PSMA1, 
5, and 6: a preclinical evaluation as a novel compound. Eur J Nucl Med 
Mol Imaging 2023;50:849–58. 
29.  Mease RC, Kang CM, Kumar V, Banerjee SR, Minn I, Brummet M, 
et al. An Improved 211At-Labeled Agent for PSMA-Targeted α-Therapy. 
J Nucl Med 2022;63:259–67. 
30.  El Fakiri M, Ayada N, Müller M, Hvass L, Gamzov TH, Clausen 
AS, et al. Development and Preclinical Evaluation of [211At]PSAt-3-
Ga: An Inhibitor for Targeted α-Therapy of Prostate Cancer. J Nucl Med 
2024;65:593–9. 
31.  Watabe T, Kaneda-Nakashima K, Kadonaga Y, Ooe K, Sampunta T, 
Hirose N, et al. Preclinical Evaluation of Biodistribution and Toxicity of 
[211At]PSMA-5 in Mice and Primates for the Targeted Alpha Therapy 
against Prostate Cancer. Int J Mol Sci 2024;25:5667. 

Conflicts of interest
The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.
Authors’ contributions
All authors read and approved the final version of the manuscript.
History
Manuscript accepted: May 29, 2025. - Manuscript revised: May 29, 2025. - Manuscript received: April 22, 2025.


