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Therapeutic radiolanthanides

177Lu:

130 keV
(~220 µm)

LUTATHERA® [177Lu]PSMA-617
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Therapeutic radiolanthanides

161Tb:

154 keV 
(~280 µm)

+

11x Ae—

0.8 keV 

(~60 nm)

165Er:

7x Ae—

1.1 keV

(~90 nm)

Müller et al., EJNMMI 41: 476-485 (2014).

Folate-based radiopharmaceutical cm09 

in preclinical cervical cancer model

177Lu:

130 keV
(~220 µm)
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Dosimetry of 165Er

R.
Half-life

(d)

Avg. Aes

per decay 

Avg. energy

per Aes 

(keV)

Avg. β-

per decay 

Avg. energy

per  β-(keV)

165
Er 0.43 7.3 11 0 0

161
Tb 6.89 11 5,7 1 154

177
Lu 6.64 1.1 1 1 133
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AMA : Apparent Molar Activity  

• Unit :  Activity of 165Er by µmole of chelator (MBq/nmole or GBq/µmole)

• Theorical AMA :

• Production : 165Ho (p, n) 165Er

• Parameters : 

1 : Target : mass (ng), Er impurities (ppm), 

2 : Targetry : yield (MBq/µA/h), beam (Energy and particle)

3 : Radiochemistry : SF (Separation factor Ho/Er), yield

➢ Radiolabeling for studies : AMAEoS > 7.4GBq/µmole (0.2mCi/µmole)3

A 
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(S1) 

 

3- Aluicio-Sarduy E, Hernandez R, Valdovinos HF, Kutyreff CJ, Ellison PA, Barnhart TE, et al. Simplified and automatable radiochemical separation 

strategy for the production of radiopharmaceutical quality 86Y using single column extraction chromatography. Appl Radiat Isot 2018;142:28–31. 

https://doi.org/https://doi.org/10.1016/j.apradiso.2018.09.01
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❑ Er impurity : quality of Ho target

A165Er= 1 GBq and m(Ho) = 100 mg, SF = 105         

AMA(EoB) ≤ 17 MBq/nmole (100 ppm Er) : commercial  Ho foil 

AMA(EoB) ≤ 1100 MBq/nmole (0,5 ppm Er) :  Ames Laboratory )

❑ Mass Ho foil depends on :

▪ Thickness foil (µm) → targetry

▪ Diameter (mm) → targetry and chemistry

➔ Easy method to control Ho mass with conditions of targetry : Spot-welding method 4

Parameter 1 : Target Ho foil  

▪ Ho foil rolled to the desired thickness (from 620 to 150 µm)

4 - Ellison PA, Valdovinos HF, Graves SA, Barnhart TE, Nickles RJ. Spot-welding solid targets for high current cyclotron irradiation. Appl Radiat Isot

2016;118:350–3. https://doi.org/https://doi.org/10.1016/j.apradiso.2016.10.010.

▪ Punched in various diameter (3.2 to 9.5 mm)
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❑ PETtrace or RDS-112 ?

➔More focused beam and low mass with RDS-112 but limited in current 20 µA

➔ Higher activity with PETtrace with higher current and but more Ho mass (Er impurity) 

Parameter 2 : Targetry (Biomedical cyclotron)

GAFChrom : target 3.2, 4.8 and 6 mm 

(irradiations on RDS-112)
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Parameter 3 : Radiochemical separation AMA (MBq/nmole)

❑ Dissolution of target :
2 ml 10M HCl dry and dissolution reconstituted

in 2 ml of αHIB pH 4.7

❑ Separation in 3 steps : 

▪ S1 : « Pre-column » : rough separation
❖Cation exchanger AG50W-X8 with αHIBA acid 70 mM pH=4.7

▪ S2 : « Selective separation » : Ho/Er 
❖Extraction resin LN2 20-50 µm

▪ S3 : elimination of transition metals
❖ Extraction DGA-b resin

❑ Assessment:


165Er : measurement by Capintec number CRC-15R and spectrometry gamma

 Ho : MP-AES 
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CX / αHIB results

• 110 ± 20 mg Ho: SFHo/Er = 280 ± 170, 165Er recovery (95 ± 2)% with (n = 6)

• 174 ± 6 mg Ho: SFHo/Er = 280 ± 210, 165Er recovery (91 ± 2)% with (n = 2)
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LN2 EXC 20-50µm

1. 165Er in 0.1 M HNO3, 

70mM αHIB at 5 

mL/min

2. 49 ± 6 mL 0.4 M 

HNO3 at 1 mL/min

3. 4 – 5 mL 1 M HNO3 at 

1 mL/min

1. No 165Er

2. (99.91 ± 0.06)% Ho, (23 

± 7)% 165Er

3. (77 ± 7)% Er recovery, 

SFHo/Er = 840 ± 440

530 ± 480 µg Ho 380 ± 210 ng Ho
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DGA-b EXC in practice and results

1. 165Er in ~6 mL 5 M 

HNO3

2. 15 mL 3 M HNO3

3. 2 mL 0.5 M HNO3

4. 1.5 mL 0.01 M HCl

1. No 165Er

2. Trace metal impurities 

(Fe, Cr, Co, Ni, Cu), no 
165Er

3. Lower column acidity, 

no 165Er

4. (88 ± 4)% 165Er 

recovery, 390 ± 30 µL 

0.01 M HCl

4 mL 1 M HNO3 0.4 mL 0.01 M HCl

bDGA

12



AMA results (Biomedical Cyclotron)
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Conclusions

 Batch 165Er with High AMA > 7.4 GBq/µmole available using :

❖ proton beam 12.5 MeV on a high purity Ho target (Er impurity : 0.5 ppm)

❖ limitation with  Ho foil (Er impurity < 100 ppm)

 First radiolabeling of PSMA-617 with 165Er for dosimetry studies5 :

5- I. Da Silva, T. R. Johnson, J. C. Mixdorf, E. Aluicio-Sarduy, T. E. Barnhart, R. J. Nickles, J. W. Engle,, P. A. Ellison, A high 

separation factor for 165Er from Ho for targeted radionuclide therapy, in press in Molecules. 14



Outlooks

Radiolabeling molecules with 165Er for targeted receptor :

Dosimetry studies for targeted radionuclide therapy

Bimodality MRI/SPECT for preclinical use

Developments with commercial Ho foil to high AMA :

Deuteron beam : higher activity (CEMHTI, Orléans)

Alpha beam : generator of 165Er by decay of 165Tm 

Radiochemistry : nanoporous use and µseparation
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