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Therapeutic radiolanthanides
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Therapeutic radiolanthanides
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Dosimetry of 165Er

i Avg. ener
Half-life  Avg. Aes g 9y Avg. B- Avg. energy
a (d) erdecay "oy A° erdecay per B-(keV)
°Er 0.43 7.3 11 0 0
11Tp 6.89 11 5,7 1 154
YLy 6.64 1.1 1 1 133
1. Ku A, Facca VJ, Cai Z, Reilly RM. Auger electrons for cancer therapy —a
review. EJINMMI Radiopharm Chem 2019;4:27. 100- . - n
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AMA : Apparent Molar Activity

« Unit: Activity of 1%°Er by umole of chelator (MBg/nmole or GBg/pumole)

 Theorical AMA :
Agop < Y165Er>

MAg,p =
/
\ T N

* Production : 1%Ho (p, n) %°Er
« Parameters :
1 : Target : mass (ng), Er impurities (ppm),

3 : Radiochemistry : SF (Separation factor Ho/Er), yield
> Radiolabeling for studies : AMA. > 7.4GBg/pmole (0.2mCi/pmole)3

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 &Y using single column extraction chromatography. Appl Radiat Isot 2018;142:28-31. 6
https://doi.org/https://doi.org/10.1016/j.apradiso.2018.09.01




Parameter 1 : Target Ho foll

O Er impurity : quality of Ho target
A= 1 GBg and m(Ho) = 100 mg, SF = 10°
AMA(EoB) < 17 MBg/nmole (100 ppm Er) : commercial Ho foil
AMA(EoB) < 1100 MBg/nmole (0,5 ppm Er) : Ames Laboratory )
O Mass Ho foil depends on :
= Thickness foil (um) - targetry
= Diameter (mm) - targetry and chemistry A AMES

=>» Easy method to control Ho mass with conditions of targetry : Spot-welding method 4

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

- = Punched in various diameter (3.2 to 9.5 mm)
\%W}

‘ , 4 - Ellison PA, Valdovinos HF, Graves SA, Barnhart TE, Nickles RJ. Spot-welding solid targets for high current cyclotron irradiation. Appl Radiat Isot
\q’/ 2016;118:350-3. https://doi.org/https://doi.org/10.1016/j.apradiso.2016.10.010.



Parameter 2 : Targetry (Biomedical cyclotron)
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Ho target dimensions E E 'SEr physical
cyclotron | diam. i in out yield n
thick. (um) mass (mg): (MeV) (MeV)

(mm) (MBq-pA '-h
PETtrace 9.5 280 174 &= 6 12.5 7.5 23.7 =+ 0.8 2
PETtrace 9.5 200 — 240 125 + 6 12.5 84 -9.1 18.2 + 0.5 3
PETtrace 7.9 270 — 280 108 = 4 12.5 7.8 13 + 1 3
PETtrace 7.9 190 69 + 1 12.5 9.3 11.5 £ 04 4
RDS-112 7.9 190 75 £ 7 11 7.5 26 + 2 4
RDS-112 6.4 320 — 620 121 &= 75 11 < 4.8 29 &+ 4 2




Parameter 3 : Radiochemical separation

AMA (MBg/nmole)

"'\1 4 Dissolution of target :
2 ml 10M HCI dry and dissolution reconstituted
in 2 ml of aHIB pH 4.7

[ Separation in 3 steps :
== = S1:«Pre-column » :rough separation

= S2 : « Selective separation » : Ho/Er
s Extraction resin LN2 20-50 pm

= S3: elimination of transition metals
+»» Extraction DGA-b resin

J Assessment:

+ Cation exchanger AG50W-X8 with aHIBA acid 70 mM pH=4.7

SFHO/ET =

MHyo,before /
MHo,after

AlﬁsEr,before
A 185Er after

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

= Ho : MP-AES
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CX/ aHIB results
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« 110+ 20 mg Ho: SF,, g, = 280 + 170, %°Er recovery (95 + 2)% with (n = 6)

« 174+ 6 mg Ho: SF,,, g = 280 £ 210, 1°°Er recovery (91 + 2)% with (n = 2)
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LN2 EXC 20-50pm

1. 1%Erin 0.1 M HNO,, No 165Er
70mM oHIB at 5

mL/min

(99.91 + 0.06)% Ho, (23

2. 49+t6mL04 M + 7)% 165Er

HNO, at 1 mL/min

(77 = 7)% Er recovery,

3. 4—5mL 1M HNO, at SF,,, e = 840 £ 440

1 mL/min

50 mm x 5.5 mm column
500 mg LN2, 20-50 um

()

AVE 530 + 480 ug Ho 380 + 210 ng Ho
W 1




DGA-b EXC In practice and results

(o) o)
1. 85Erin~6mL5M o J o O~ 1. NolSEr
HNO3 \ﬂ\/\/

bDGA
\ ,§ 2. Trace metal impurities
2. 15mL 3 M HNO, }J (Fe, Cr, Co, Ni, Cu), no

165Er
3. Lower column acidity,

no 165Er

4. (88 % 4)% 15Er
recovery, 390 &+ 30 pL
0.01 M HCI

3. 2mL 0.5 M HNO,

4, 1.5mL 0.01 M HCI

O

10 mm x 5.5 mm column

-~ 100 mg bDGA, 50-100 pym
(@R 4mLIMHNO, e 04 mL0.0lM HCI
W - 12




AMA results (Biomedical Cyclotron)

Ho target Er DOTA AMA DTPAAMA '®Er/ErMA  '“Er/Ho MA
impurity (ppm) (MBg/nmol) (MBg/nmol) (MBq/nmol) (MBg/nmol)
<100 81+02  88+03 8.6 + 0.9 105 + 82 2

0.5 20 +£24*% 110 £+ 100 2300 + 700 420 + 190 4
*n = 3 replicates, all molar activities decay corrected to end of bombardment 13 %




Conclusions

= Batch %°Er with High AMA > 7.4 GBg/umole 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 %°Er for dosimetry studies :

'SEr biomedical High SF Ho/'®Er separation ['Er|PSMA-617
T ] 1 Q
cyclotron production AGSOW-X8/aHIB g
SR SIS
LN2 b —
\ W
bDGA éy“ " o on
<0
HOTRNJ-'\NgD
4.9 + 0.7 hours o H " o
40 pA, 11 -12.5MeV p 64 + 2% Molar Activity:
20 - 30 MBg-pA™-h! (2.8 1.1) - 10° SFyy e, 37— 130 GBg-umol™

5- 1. 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 19Er from Ho for targeted radionuclide therapy, in press in Molecules. 14




Outlooks
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= Radiolabeling molecules with 1%°Er for targeted receptor :

= Dosimetry studies for targeted radionuclide therapy

= Developments with commercial Ho foil to high AMA

= Deuteron beam : higher activity (CEMHT]I, Orleans)
= Alpha beam : generator of >Er by decay of 16Tm
= Radiochemistry : nanoporous use and piseparation

{"@31@‘\ 6- L. Frealle, J. Vaudon , G. Audiger , E. Dutillly, M. Gervais, E. Sursin, C. Ruggeri, F. Duval, M.-L. Bouchetou, A. Bombard, I. Da Silva, “First steps at the

5
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I~ & Cyclotron of Orleans in the radiochemistry of radiometals : 52Mn and 165Er, Instruments, 2018, 2(3) 15.
\%W } 7. Gracheva N, Carzaniga TS, Schibli R, Braccini S, van der Meulen NP. 165Er: A new candidate for Auger electron therapy and its possible cyclotron production

N\ % from natural holmium targets. Appl Radiat Isot 2020;159:109079.
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