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Process of Radionuclide Development: a multidisciplinary 
affair
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Tissue Range of Therapeutic Radiation
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12/2014
PSA = 2,923 ng/mL

7/2015
PSA = 0.26 ng/mL

9/2015
PSA < 0.1 ng/mL

Imaging «Before» Imaging «After» Imaging «After»

Black Box:
“Therapy”

Black Box:
“Therapy”

225Ac-PSMA-617: α-Radionuclide Therapy

Kratochwil et al. 2016 J Nucl Med 57:1941.
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Potential Concern about Actinium-225



The Terbium “Sisters”



149Tb: PSI’s collaboration with

ISOLDE

History:
• Began with Beyer et al. in late 90’s;
• Resurrected by PSI members in 2011;
• ISOLDE-PSI the only collaboration currently working on 149Tb;
• Many groups desire to produce it, but currently do not have the means.
• Switzerland became a member state in 2023/4



Radionuclide Development using Isotope Separation OnLine
(ISOL)
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440 MBq480 MBq520 MBq560 MBq600 MBq640 MBq680 MBq720 MBq760 MBq800 MBq

149Tb: The Logistics Challenge



Collection & Separation
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© C. Grünewald



Chemical Separation Process Application
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Resin 2

Resin 1

Target dissolution and load
Rinse

Product initial 

elutionWaste
(target material)

Waste

Desired Product

Final elution

van der Meulen et al., Nucl Med. Biol. (2015)
Domnanich et al., EJNMMI Radiopharm. Chem. (2017)
van der Meulen et al. Molecules (2020)

ng product from mg target material!

©John P. Weiss
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Importance of Product Purity for Preclinical Application

Biomolecule

 Chemical synthesis: metal-free working environment
 Preparation of stock solution: in metal free environment (no metal spatula)

Radionuclide
 Radionuclidic purity: >99.9%
 Chemical purity: no metal ions (i.e. absence of Fe, Co, Cu, Zn, Gd, Pb etc.)
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Three 1-week campaigns desired in 2024/5
Campaign results:
• Up to 260 MBq 149Tb produced

• Radiochemical separation efficiency >90%

• Final radionuclidic purity >99.9 %

• 50 MBq/nmol radiolabelling achieved (began with 3-5 

MBq/nmol)

149Tb Production and Radiochemical Separation

Favaretto et al., Scientific Reports, accepted for publication



149Tb: In Vitro & In Vivo Studies

In vitro cell viabilityPET/CT images

α-PET demonstrated for the first time in 2015/6 DOTA-LM3 used in a clinical study with 161Tb in 2023



Next Campaigns/Desires

149Tb In Vitro & In Vivo Studies: what’s next?

 Three 1-week campaigns desired in 2024/25
 Investigate labelling at higher molar activity.

(This will determine the quality of 149Tb, requires higher
activity).

 investigate 149Tb in combination with FAPI-46 for the targeted 

alpha therapy of sarcoma.

 The fibroblast activation protein (FAP) is a membrane-

bound enzyme which is highly expressed in reactive stromal 

fibroblasts of more than 90% of human epithelial cancers and 

malignant cells of bone and soft tissue sarcomas. FAP holds 

promise as a pan-cancer target due to its overexpression in 

the vast majority of cancers.

 Determine survival assays (different type of in vitro 

treatment/analysis).

 Determine cell viability assays (to investigate potency of 149Tb-

FAPI-46). 

 Perform initial therapy studies in a small number of tumour-

bearing mice to investigate the therapeutic efficacy of 149Tb-

FAPI-46).

 Data processing, analysis and preparation of images and 
figures

Ongoing

Next Campaigns/Desires
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Thank You For Your Attention!

Thanks to:
CERN Radiation Safety & logistics
ISOLDE RILIS
ISOLTRAP-MR-TOF-MS team
PSI Radiation Safety & logistics

Support: ENSAR2 (EU H2020 project Nr. 654002)
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