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30-40 % of all emitted 
photons will be absorbed in 
adults, less than a few 
percent in mice and rats

TND - the tumour-to-normal- tissue mean absorbed dose rate ratio

N

T

D

D
TND =

Bernhardt et al, Int J Rad Oncol Biol Phys, 2001 

Charged particle

Photon

Tumor

Dosimetric characterization of radionuclides
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Small-scale dosimetry
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A CB D

The metastatic control probability model

Response characterization of radionuclides

Bernhardt P, Ahlman H, Forssell-Aronsson E. Model of metastatic growth

valuable for radionuclide therapy. Med Phys. 2003 Dec;30(12):3227-32. 

A CB D
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Radionuclide Required absorbed dose

Number of detectable metastases

0 1 5 10 20

90Y 80 2630-3010 Gy 2740-3130 Gy 2860-3220 Gy 3000-3330 Gy

131I 80 920-1120 Gy 985-1170 Gy 1040-1220 Gy 1100-1270 Gy

177Lu 80 558-682 Gy 598-715 Gy 630-742 Gy 672-777 Gy

225Ac 80 243-292 Gy5 252-307 Gy5 269-320 Gy5 288-335 Gy5

161Tb 80 207-247 Gy 220-260 Gy 230-270 Gy 245-281 Gy

Response characterization of radionuclides
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Isotope 177Lu 161Tb

Decay mode - (100%) - (100%)

T1/2 (d) 6.64 6.89

Daughter 177Hf (Stable) 161Dy (Stable)

Δβ− (keV) 133 156

ΔCE&Auger (keV) 13.8 46.3

Notable X/-

emissions 

(Yield >1%)

8.9 (3.2%, X)  

54.6 (1.6%, X)  

55.8 (2.8%, X)  

112.9 (6.2%, 𝛾)  

208.4 (10.4%, 𝛾)

7.2 (22.1%, X)  

25.7 (23.1%, 𝛾)  

45.2 (6.3%, X)  

46.0 (11.3%, X)  

48.9 (17.1%, 𝛾)  

52.2 (3.6%, X)  

57.2 (1.8%, 𝛾)  

74.6 (10.3%, 𝛾)

Clinical dosimetry & SPECT imaging with 161Tb

Westerbergh, F., Rydén, T., van Essen, M., van der Meulen, N. P., Müller, C., & 

Bernhardt, P. (2022). Exploring the quantitative impact of non-uniformities in SPECT-

imaging with ^(161)Tb [Conference abstract]. Eur J Nucl Med Mol Imaging, Vol 49, 

Suppl 1 (p. 256). Available from: https://doi.org/10.1007/s00259-022-05924-4

Westerbergh, F., van der Meulen, N. P., Müller, C., Grings, A., Ritt, P., & Bernhardt, P. (2023). 

Demonstrating the quantitative potential of terbium-161 SPECT/CT imaging: An anthropomorphic phantom

study [Conference abstract]. Eur J Nucl Med Mol Imaging, Vol 50, Suppl 1 (p. 38). Available from: 

https://doi.org/10.1007/s00259-023-06333-x
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• Imageable emissions are low in energy 

(49 & 75 keV)

– Outside the usual 𝛾-camera operating range

• Some higher-energy, low-yield 161Tb 𝛾

– E.g. 103 keV (0.1%), 292 keV (0.06%), 

550 keV (0.04%)  

• Some very high-energy 160Tb 𝛾

– E.g. 879 keV (30%), 966 keV (25%), 

1178 keV (15%)  

– High yield, but low abundance [1]

[1] Gracheva N, Müller C, Talip Z, Heinitz S, Köster U, Zeevaart JR, et al. Production and characterization of no-carrier-added 161Tb as an alternative to the clinically-applied

177Lu for radionuclide therapy. EJNMMI Radiopharmacy and Chemistry. 2019;4(1).

HPGe spectrum of 161Tb, w/ ~0.01% 160Tb
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Challenges in 161Tb-imaging

Clinical dosimetry & SPECT imaging with 161Tb
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• Extended low energy general purpose (ELEGP)

• Medium energy general purpose (MEGP)

• Low energy high resolution (LEHR)

Choice of collimator  

Clinical dosimetry & SPECT imaging with 161Tb
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Clinical dosimetry & SPECT imaging with 161Tb
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Number Center (keV) Width (%) Shift (%) Type Parent 

A1 48 40 0 Photopeak

B2 75 20 0 Photopeak

C3 10 Lower Scatter A1

D4 10 Upper Scatter A1

E5 6 Lower Scatter B2

F6 6 Upper Scatter B2

Clinical dosimetry & SPECT imaging with 161Tb
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Kidney RCs
Kidney RCsELEGP LEHR MEGP

• RC highest for 

LEHR, followed by 

ELEGP and MEGP 
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Clinical dosimetry & SPECT imaging with 161Tb
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Is Radionuclide Therapy with 161Tb Really Happening?
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Is Radionuclide Therapy with 161Tb Really Happening?

Clinical trials

Beta plus
Combined Beta- Plus Auger Electron Therapy Using a Novel Somatostatin Receptor 
Subtype 2 Antagonist Labelled With Terbium-161 (161Tb-DOTA-LM3) (Beta plus)

PROGNOSTICS
Targeted Radionuclide Therapy in Metastatic Prostate Cancer Using a New PSMA Ligand 
Radiolabelled With Terbium-161 (161Tb-SibuDAB) - Dose Identification/Escalation 
Phase Ia/b Study

VIOLET
EValuation of radIOLigand Treatment in mEn With Metastatic Castration-resistant 
Prostate Cancer With [161Tb]Tb-PSMA-I&T
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