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Pouget J.-P. et al. (2011) Clinical radioimmunotherapy—the role of radiobiology

Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2011.160

Candidates:

Targeted Alpha Therapy: 212Pb (t1/2 10.64 h)
Targeted Auger Therapy: 119Sb (t1/2 38.5 h)

197gHg (t1/2 64.14 h)

Challenges:

• Design of appropriate chelation systems
• Kinetics of complex formation (gram)
• Radionuclide complex stability in vivo 

Targeted Radionuclide Therapy (TRT)
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PAC spectroscopy:

Targeted Alpha Therapy: 212Pb (t1/2 10.64 h) → PAC isotope 204mPb

Targeted Auger Therapy: 119Sb (t1/2 38.5 h) → PAC isotope 118mSb
197gHg (t1/2 64.14 h) →  PAC isotope 199mHg

PAC spectroscopy:

• Studies of radiometal-complex structure in vitro and in vivo
• Kinetics of complex formation (mg of ligand)
• Studies of complex stability in vitro and in vivo
• Direct studies under biologically relevant conditions

PAC Spectroscopy
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PAC Measurements

Hg

Step I:

• Experiments with well-known 
(commercially available) complexes

Step II:

• Experiments with novel complexes
• Synthesised at UBC/TRIUMF
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Pearson’s hard-soft acid-base theory, and consequently prefers soft donor atoms such as 
sulfur. Tri-sulfide (SR)3 systems are among the most prevalent type of chelators used for 

mercury(II) chelation [Jul15; Fu11].  

	
	

Figure 4. Selected tri-sulfide (SR)3 ligand systems previously investigated for Mg(II) chelation [Jul 15;Fu11] 

2. In vivo generator systems and their potential for nuclear medicine 

In vivo generators are systems where the mother radionuclide is incorporated into a 

radiopharmaceutical and decays to the daughter radionuclide which in turn is suitable for 
imaging or therapy. An example of an attractive in vivo generator for PET imaging is 
44m/44gSc, where the meta-stable state has a 58.6 h half-life and the daughter, 44gSc, is suitable 
for PET imaging with a half-life of 3.97 h. This type of in vivo generator can be suitable for 

imaging long term biological processes such as diagnostics with antibodies. On the other 

hand, 44gSc itself can be suitable for imaging of relatively short biological processes, e.g. 
diagnostics with peptides. Several other possible in vivo generators are 140Nd/140Pr, 
134Ce/134La, 52Fe/52mMn, 62Zn/62Cu for imaging and 212Pb/212Bi, 166Dy/166Ho, 225Ac/213Bi for 
therapy. It remains unknown, however, whether or not the daughter radionuclide remains 

attached to the targeting vector during the decay, or during the transition between the meta-

stable and ground state. This is difficult to study in detail by other spectroscopic techniques. 
Therefore, in this proposal we wish to apply several lanthanide-based systems to study the 

stability of metal-chelate complexes during the decay/transition with PAC spectroscopy: 

139mNd/139Pr, 140La/140Ce, 147Gd/147Eu, 149Gd/149Eu, 151Tb/151Gd, and 172Lu/172Yb. Here it is 

of particular interest to compare b- decays (i.e. La>Ce) with EC decays (i.e. Lu>Yb) where 
the nuclear charge of the daughter nuclide increases or decreases, respectively. The first step 

towards such experiments would be to study basic geometries of different compounds to 

establish a small PAC database of reference signals. We propose the following systems: 

 

Figure 5. Proposed ligands for use in this study. 

The ligands suggested in this study are both octadentate systems that vary in their donor 
atom type, geometry, and connectivity and consequently can show preferential binding to 

one metal over another. The closed-chain (macrocyclic) ligand DOTA (N4O4) is by far the 
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In vivo Generators

In vivo generators:

• Generator: mother radionuclide decays to the daughter radionuclide (suitable 
for imaging or therapy)

• Challenge: keeping stable complex during transition between parent and 
daughter

• Unknown:  will the daughter remain attached to the targeting complex?

Possible in vivo generators:

• Imaging: 44mSc/44gSc,140Nd/140Pr, 134Ce/134La, 52Fe/52mMn, 62Zn/62Cu 
• Therapy: 212Pb/212Bi, 166Dy/166Ho, 225Ac/213Bi 
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In vivo Generators

PAC isotopes: 139mNd/139Pr, 140La/140Ce, 147Gd/147Eu, 149Gd/149Eu, 151Tb/151Gd, 172Lu/172Yb

Step I:

• Experiments with well-known 
(commercially available) complexes

Step II:

Comparison of β- decays (i.e. La>Ce) with EC decays (i.e. Lu>Yb) where the 
nuclear charge of the daughter nuclide increases or decreases, respectively. 
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PAC Experiments at ISOLDE

Step I: Collections

• GLM / new biophysics chamber

• Implantations into foils and ice

Step II: Chemistry

• Sample preparation in the Chemistry lab (b.508)
• Short-lived isotopes → measurements performed immediately
• Long-lived isotopes → measurements performed later (or shipped elsewhere)

Step III: PAC measurements

• PAC spectrometers in b. 508 (PAC lab)
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Beam Request
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139mNd, 147Gd, 149Gd, and 151Tb have unknown nuclear moments and therefore we will have 
to measure them prior to any PAC experiments. Also, if possible, the proponents would like 

to ask for access to PAC spectrometers during winter shut down of the facility to perform 

experiments with 111In. Commercially available 111InCl3 solution will be used for these 
experiments. The reasons for carrying out PAC experiments with 111In and in the SSP 

laboratory at ISOLDE are as follows: 1) the opportunity to perform 111mCd and 111In 

experiments under exactly the same experimental conditions (the same PAC instruments, 

measurement conditions, etc.) which will make the data analysis and comparison much 
easier, and 2) access to the SSP lab equipped with 4 6-detector PAC instruments which 

allows for multiple experiments at the same time. The synthesis and purification of the 

compounds used in the experiments will be performed at the laboratory at TRIUMF.  

Table 2. PAC candidates to be used in this proposal [Nag13] 

Decay Intermediate State 

A22 
Daughter Parent Half-life 

γ1 

(keV) 

γ2 

(keV) 

Half-

life 

(ns) 

Spin Q (eb) µ (µN) 

111Cd 111mCd 48.5 min 245.5 151 84.5 5/2+ 0.77(12) -0.765(2) 0.1786 
118Sn 118mSb 5 h 253 1091 21.7 5- ±0.16(2) -0.30(2) -0.07143 
139Pr 139mNd 5.5 h 708 114 2.6 7/2+ ? ±1.19(21) -0.007 
140Ce 140La 40.3 h 329 487 3.47 4+ ±0.35(7) 4.35(10) -0.099(5) 
147Eu 147Gd 38 h 929 396 765 11/2- ? 7.05(3) -0.171 
149Eu 149Gd 9 d 299 347 2450 11/2- ? 7.0(3) -0.181 
151Gd 151Tb 17 h 287 108 2.8 5/2- ? -1.08(13) -0.345(14) 
172Yb 172Lu 6.7 d 91 1094 8.33 3+ ±2.9(4) 0.65(4) -0.212(23) 
199Hg 199mHg 42.6 min 374 158 2.47 5/2- 0.95(7) 0.88(3) 0.2519(4) 
204Pb 204mPb 66.9 min 912 375 265 4+ ±0.44(2) 0.224(3) 0.2473 

IV. Beam Time Request 

We ask for a total of 15 shifts within 2 years to be used as follows: 

Collected	
isotope	

Beam	 Target	
Yield	

(ions/uC)	
Ion	source	 #	shifts	

111m
Cd	

111m
Cd	 Sn	 8·10

8
	 VADIS	or	MK5	 3	

118m
Sb	

118m
Sb	 LaCx	or	CeO2	or	UCx	 >10

8
	 Sb	RILIS	 1	

139m
Nd	

139m
Nd

	
Ta	 3·10

7
	 Surface	ionizer	 1	

140
Ba/

140
La	

140
Cs	 UCx	 >10

9
	 Surface	ionizer	 0.5	

147Gd
	 147Gd

	 Ta	 10
9
	 Surface	ionizer	 0.5	

149Gd
	 149Gd

	 Ta	 3·10
9
	 Surface	ionizer	 0.5	

151
Tb	

151
Dy	 Ta	 10

10
	 Dy	RILIS	 0.5	

172
Lu

	 172
Lu	 Ta	 5·10

8
	 Surface	ionizer	 2	

199m
Hg

	 199m
Hg	 Pb	 2·10

8
	 HP	 3	

204m
Pb	

204m
Pb	 UCX	 2·10

8
	 Pb	RILIS	 3	

* Yields of the lanthanide ions are averages from recent beam times at ISOLDE PSB. Sb and Te yields are 

estimated from measured Sn yields.  

If there are other users interested in the above beams, we can share the beam time and 

perform implantations in the alternated manner.  

Summary	of	requested	shifts:	

In	summary,	we	ask	for	15	shifts	for	collection	of	the	above	isotopes,	to	be	split	in	several	
runs	over	2	years.	Number	of	shifts	required	for	each	isotope	was	estimated	based	on	the	

Total: 15 shifts over 2 years, several runs
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Beam Request

Long-lived contamination: 139Ce (139d)
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New biophysics chamber (designed by M. da Silva, in production, ready in 6 weeks)



IS501 Outputs 2012-2017
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• 24 PhD theses

• 5 MSc theses

• 159 peer-reviewed publications 

• 101 oral presentations at the international conferences
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Thank you!

Merci!

Follow us at TRIUMFLab


