
Towards reliable production of 
225Ac for medical applications:

Kristof Dockx (Spokesperson) 08/02/2017

Thierry Stora (Contact person)

Instituut voor Kern- en Stralingsfysica

KU Leuven

Systematic analysis of the 

production of Fr, Ra and Ac beams.

CERN-INTC-2017-016 ; INTC-P-498



Outline

2

• Context

• Current 225Ac production

• Yield and release curve characteristics

• Measurement techniques and approaches

• Conclusion

• Summary beam time request



• Research on medical radioisotopes

• Targeted-Alpha-Therapy (TAT) has big potential

• Linked to pharmaceutical drug

• High Linear-Energy-Transfer (LET) value

• 70-100 μm pathlength (2-3 cell diameters)

• Double stranded-breaks in DNA

• Very efficient tumor cell killer

• Applications: recurrent brain tumor, recurrent ovarian 

cancer, myelogenous leukemia, metastatic melanoma, 

metastatic castration-resistant prostate cancer, …

Context
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• Very promising α-emitters: 225Ac and daughter 213Bi

• Successful early pre-clinical and clinical studies

• Treatment of bladder cancer by TAT using 213Bi

• Phase I/II trials on acute myeloid leukemia

• 2016: total remission of mCRPC-patient

Progressive under conventional 

β-emitting 177Lu therapy

Using 225Ac: Prostate-Specific 

Antigen decline!!

Kratochwil, C.,et al. (2016). 225Ac-PSMA-617 for PSMA-Targeted α-Radiation Therapy of Metastatic Castration-Resistant Prostate Cancer. Journal of Nuclear

Medicine, 57(12), 1941–1944

Ga68-PET/CT image of patients



225Ac production
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• Decay from 233U

o
232Th(n,2*β)  233U

o Civil and military  

nuclear applications

• Proton irradiation of 226Ra

o 226Ra(p,x)  225Ac

o 𝜎225𝐴𝑐 < 𝜎227𝐴𝑐

• Proton irradiation of 232Th

o 232Th(p,x)  225Ac

o 𝜎225𝐴𝑐 < 𝜎227𝐴𝑐
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• Limited availability of pure 225Ac and 213Bi

o Big bottleneck for progressing research

• Big need from nuclear medicine:

Element selective and mass-pure production

ISOL-technique


225Ac, 225Ra, 225Fr 

Kratochwil, C.,et al. (2016). 225Ac-PSMA-617 for PSMA-Targeted α-Radiation Therapy of Metastatic Castration-Resistant Prostate Cancer. 

Journal of Nuclear Medicine, 57(12), 1941–1944

Elgqvist, J., Frost, S., Pouget, J.-P., & Albertsson, P. (2014). The Potential and Hurdles of Targeted Alpha Therapy – Clinical Trials and Beyond. Frontiers in Oncology, 3(January), 324
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http://test-isolde-yields.web.cern.ch/test-isolde-yields/radium_isotopes.html
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• Optimization of 225Ac collection

o Yield (225Ac, 225Ra, 225Fr )

o Release curve (225Ac, 225Ra, 225Fr )

𝜀𝑡𝑜𝑡𝑎𝑙 = 𝜀𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 ∗ 𝜀𝑒𝑓𝑓𝑢𝑠𝑖𝑜𝑛∗ 𝜀𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 ∗ 𝜺𝒊𝒐𝒏𝒔𝒐𝒖𝒓𝒄𝒆

Lukić, S., Gevaert, F., Kelić, A., Ricciardi, M. V., Schmidt, K. H., & Yordanov, O. (2006). Systematic comparison of ISOLDE-SC yields with calculated in-target production 

rates. Nuclear Instruments and Methods in Physics Research, Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 565(2), 784–800.
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• Optimization of 225Ac collection

o Yield (225Ac, 225Ra, 225Fr )

o Release curve (225Ac, 225Ra, 225Fr )

Proton impact on target



• Release curve for accurate yield measurements

o Faster without precision loss

o Eliminate half life

o Eliminate secondary production

• Release curve


205,207,220,221,222,227Fr


214,220,221,222,227Ra

• Integrated yield measurement

o Longer half life scale


218,219,223-226,228Fr


219,223-226,228Ra

Measurement techniques and approaches
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http://www.nndc.bnl.gov/chart/
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• α-emitters: Windmill setup (KU Leuven)

• β-emitters: Tape station (ISOLDE)

• Off-line collection (Windmill)


225,228Ra (0,1-1kBq): primary counting methods at NPL


225Ac

Measurement techniques and approaches

On-line


205,207,218-221Fr


214,219-222Ra

Off-line


223,224,226Ra (800kBq)

IC from NPL

On-line


222-228Fr


227Ra

https://fys.kuleuven.be/iks/ns/images/windmill.png/view
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• Ion Sources: 

o Fr: Ta surface ion source

o Ra: Resonant laser ionization  

o Ac: Resonant laser ionization

Measurement techniques and approaches

Raeder, S. et al. (2013). In-source laser spectroscopy developments at TRILIS-towards spectroscopy on actinium and scandium. Hyperfine Interactions, 216(1–3), 33–39. 

Sonnenschein, V. (2015). Laser developments and high resolution resonance ionization spectroscopy of actinide elements. University of Jyvaskyla.
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• ISOL offers solution to lack of pure isotope samples

• 3 routes: - 225Ac

- 225Ra

- 225Fr

• Release curve is needed for fast and accurate yield

• Request 6 shifts: proper and systematic measurements

3 on fresh target

3 on end-of-life target



Summary beam time request
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Isotope Target Ion Source # shifts

205,207,218-228Fr UCx Ta
3+3

214,219-228Ra UCx Laser

225Ac UCx Laser RILIS-development
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