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Single vs Double-stranded DNA breaks 
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Recoil of daughters



Basic principles

Molecular Imaging and Biology (2023) 25:991–1019 

8000 x bigger
3-7 x greater biol effect
Less resistance
Greater abscopal effect





Clinical trials Int. J. Mol. Sci. 2023, 24, 11626 



Int. J. Mol. Sci. 2023, 24, 11626 
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Ac-225

Actinium-225

Production & Preparation
Physics: Half-life: 10 days, 
4x Alpha emission, recoil 
Partner with Gallium-68

PSMA, DOTATATE

J Nucl Med 2018; 59:795–802 



Ac-225-PSMA

Various clinical scenarios:
Chemotherapy-naive

Group B: Rx naive

92% decrease in 
tumour markers

Group A=Combination of conventional therapy

71 % decrease in tumour markers

s-PSA response after a single dose (@8w)



Ac-225-PSMA

Various Clinical 
scenarios:
Post-ADT 

• Any PSA response in 91% of patients 
• Undetectable level of serum PSA in 36%. 
• A decline in serum PSA by at least 50% was significantly 

associated with a longer OS. 
• A PSA decline of at least 50%, a low pre-treatment platelet 

level, and radiographic response on 68Ga-PSMA-11 PET/CT 
were significant predictors of a longer PFS.



Ac-225-PSMA

Various Clinical 
scenarios:
Hormone 
sensitive 

n=21 (68 cycles)
95% ANY decline in PSA 
86% Decline of ≥ 50%  
Undetectable PSA in 4 
Median PFS 9 months
50% alive at 34 months

EJNMMI (2023) 50:2210–2218 



Ac-225-PSMA

Various Clinical 
scenarios:
?Hopeless 

s-PSA=1897.91 μg/L s-PSA=17.21 μg/L 

8 MBq ofAc-PSMA- 617 x 1

Sathekge et al



Ac-225-PSMA

Vorster M & Sathekge MM. Theranostics in Metastatic Castrate Resistant Prostate Cancer 2021 May 
27:81-96.

Actinium-225: Practical aspects
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Tandem approaches

PSA=722.5
PSA=0.4

Semin Nucl Med 50:133-140, 2020 
Kreish et al.Eur J Nucl Med Mol I. 2020;47(3):721–8.
Kulkarni et al. J Nucl Med. 2016;57(Supplement_3):97S-104S.



Sathekge 2024 Lancet Oncol

225Ac-PSMA Meta-analyses: mounting evidence of efficacy!

Excellent s-PSA responses, xerostomia
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Side effects/ toxicity of Ac-225-PSMA?

Xerostomia most common 
77.1% (any degree)
Grade III  3.0%. 
Anemia  30.3% (any degree)
Grade III 7.5%. 
Grade III leukopenia 4.5%  
Thrombocytopenia 5.5%
Grade III nephrotoxicity in 3%. 

6 studies
201 pts

Ma J et al. Frontiers in Oncology. 2022;12.



NET: Ac-225-DOTATATE, Pb-212 

“Preclinical studies described here suggest that PSC-
PEG2- TOC has the potential to improve the efficacy of 
Pb-based a-particle therapy for SSTR2-expressing 
tumors with a significantly lower toxicity profile than 
previous SSTR2- targeted peptide.”
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Phys Med Biol 2020

225Ac-PSMA Dose & Dosimetry

Monte Carlo simulations

Tumour control probability curves

Some lesions may not be treated sufficiently at 100kBq/kg

EJNMMI Aug 2020
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225Ac-PSMA Dose & Dosimetry

September 2023

128 x128 matrix
60s per projection
60 projections 
(30 per head)
1 bed position
OSEM 5 mm filter
HEGP Collimator





Bismuth-213

Bismuth-213

Half-life: 45.6 minutes

1x Alpha emission, no recoil

FAPI labeling possibilities

NETA/DEPA over DOTA

Regional  (intravesical, intracerebral, 
intralesional) 

& systemic approaches

Renal toxicity  

>200 patients with leukemia, lymphoma, 
melanoma, bladder CA, glioma and NETs treated

Pharmaceutics 2021, 13, 599 S Ahenkorah et al

5-10GBq needed



Radium-223 
Xofigo (FDA approved)

Radium-223

Half-life:  11.4 days
GIT and BM Side effects 
Combination Therapies

Sr-89, Sm-153… 

Increased OS 
and 
Time to first 
skeletal event



Radium-223

Final results due in 2024…

Combination Therapies 
in cancers that spread to 

bone/
Osteosarcoma

Ass with bone fractures 
in combination with 

Abi/pred-ERA 223 trial 

Included in NCCN guidelines: mCRPC, sx fractures, no visceral mets



Thorium-227

Thorium-227

Half-life: 18.7 days

5x Alpha emission

Recoil, Daughters, Ra-223 

 Preclinical potential in lymphoma, breast CA, 
ovarian CA, AML, renal cell CA, mesothelioma, 

osteosarcoma, mCRPC

TTC=Targeted Thorium-227 conjugates

Can form highly stable chelator complexes-Rx of several 
hematological- and solid malignancies

 

Hageman et al, Volume 35, Number 7, 2020

Rituximab
Trastuzomab



Thorium-227

Thorium-227

Karlsson et al, 2023 Sharma, Pharmaceuticals 2023, 16, 1460. 



Terbium-149

Terbium-149

Half-life of 4.1 hr

B+ 730 keV (7%)  PET & Alpha

Alpha particles , no daughters

Stable DOTA coordination to small LMW

Easily cleared

Melanoma, leukemia, NET promising 

Short supply!
Favaretto et al. Scientific reports (2024) 14:3284 

Conclusions 
In this study, the production and radiochemical 
purification of terbium-149 were optimized to provide 
terbium-149 in quantity and quality, to our knowledge, 
never achieved in the past, and sufficient for use in more 
extensive therapeutic preclinical studies than those 
previously conducted. 

Major concerns:
Large –scale production
Decay scheme to long-
lived radionuclides

Only alpha-emitting Radio-isotope of Terbium
165 keV and B particle 

SPECT PET Auger

Major concern: 
large scale production



Astatine-211

Astatine-211

Half-life of 7.21 hours

Single Alpha particle (simplifies dosimetry, less 
off-target)

Flexible chemistry

Cyclotron production 

Stable DOTA coordination 

Promising in Thyroid,

 NET, hemat ca, Glioma

Albertsson et al, 2023 



Lead-212

Pb-212

Physics: Half-life: 10.6 hrs 

1x alpha, 2x beta emission

Production (3 generator 
possibilities) 

Partner with Pb-203 (t1/2 51.9 hrs)

Potential Clinical applications
NET
Prostate cancer (RM2 peptide)
Metastatic melanoma
HER-2 expression (breast, ovarian, gastric)
Multiple myeloma

Problems/ Precautions

Plusses

Tumour cell internalization 
Rapid normal tissue clearance
Promising pre-clin results 
(tumor growth)
Acceptable toxicity profile

Kidneys may be dose limiting



Lead-212

J Nucl Med 2014; 55:1636–1642 

American Journal of Clinical Oncology �Volume 41, Number 7,2018 



PSMA & delivery forms

Standardization of protocols

Availability and Re-imbursement

Acceptance

Combination Rx
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Reliable supply

Main challenges with TAT

Timing in Rx landscape

Delivery / Toxicity

Chelators & 
Delivery vehicles

Recoil
Dosimetry

Long-term follow-up

Internalization
Prospective data 

Waste management



Considerations for each isotope

Production & Cost

Preparation

Clinical Guidelines
Imaging Partner

Possibilities & Purpose



Tb-149At-211Pb-212Ac-225



Vorster & Sathekge, 2021 Theranostics in mCRPC

Future Perspectives 

New theranostic Pairs

Combinations with conventional Rx 

Tandem Therapy

Bifunctional 
chelators

Chronicity 

MDT & clin
Guidelines 
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Thank you for your attention!


