Characterization and optimization of ISOLDE beams

of Dy/Tb isotopes for medical applications
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How to treat such patients?




Multidisciplinary collaboration
to fight cancer
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Structural Formula of DOTA-TOC/TATE
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177 _u-radioligand therapy
of advanced prostate cancer
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177 _u-radioligand therapy
of advanced prostate cancer

L B
Lu 177
6.65 d
805 [ 3
v 208; 113...
Ga 68
) : 67.6 M
1 2 3 .
B1.9...
v 1077, (...)




Matching of in-vivo behaviour ?
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Matched pairs for theranostics
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First-in-human study with **°Th-PSMA-617
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Alpha-PET with 14°Tb

'Vl o

N

8

PC-3flul pC3 PIP PC-3RUE8PC 3 PIP PC-3fU=8pC-3 PIP

Ki Ki

Bl

Tb 149

4.1 b
£
o 3.97
B'14..

oM Bq 149Th-PSMA-617 y352; 165...
y g " ‘- ‘ i @:} m 7 U r I C h 'unl(N’s 9 sanLGRENSKA ACADEMY

FOR SOCIETY

C.A. Umbricht et al. Sci Rep 2019,;9:17800.




Terbium: a unique element for nuclear medicine
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Predicted production rates
In-target production

Please note, these are not extractable yields!
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In-target production (at./pC)

Predicted production rates
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Off-line gamma ray spectroscopy

Implant test samples




Typical gamma ray spectra

10 h after collection
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Typical gamma ray spectra
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Typical gamma ray spectra
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Beam optimization with ISOLTRAP’s MR-ToF-MS
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Beam optimization with ISOLTRAP’s MR-ToF-MS
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Beam optimization with ISOLTRAP’s MR-ToF-MS
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Beam optimization with ISOLTRAP’s MR-ToF-MS

3'd step (532 nm high power) enhances also PrO* and CeO*

= reduction to ~15 W improves 49Tbh/contaminants factor ~3



Beam optimization with ISOLTRAP’s MR-ToF-MS
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No laser effect on atomic Ba, La, Ce, Pr and Nd,
but on PrO and CeO



Beam optimization with ISOLTRAP’s MR-ToF-MS
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Beam optimization with ISOLTRAP’s MR-ToF-MS

Different

ion species lon detector

>
< - > S
First electrostatic Drift-tube becond":-ilﬁl':ostaﬂc
mirror
1t step blocked 2"d step blocked
450:"'|"'|"'|"'|"'|"'|"'|g{.: 450 —V—F—71+— 11 1 T 1T T
400 _: : ﬁg[c)ileo _: 400 _: —e—133Ce160 _:
b —4&— 133Pr160 4 i —<4— 149Dy ]
: e ] ] a0
350 7 :ﬁgﬁj 7 350 +1:g$§ -
. 1 ] ——
300 300 - E
250 250 ] 3
i) i @ ] ]
c ] —
§ 200—: y §

150 3

200 3
WWMWWWW

e S e b i
] X v\‘ X g ! \‘S,L,f 3 s l.o.

100 3

—— T . — T ——T T . T ———
0 40 80 120 160 200 240 280 0 40 80 120 160 200 240 280

delay to laser puls (us) delay to laser puls (us)

PrO* and CeO" pulsed = 608 nm has resonant effect



Beam optimization with ISOLTRAP’s MR-ToF-MS
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Beam optimization with ISOLTRAP’s MR-ToF-MS
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Also for A=155 and A=152 Dy is the dominant isobar
(cf. PS-1-3)



Future improvement
of Tb / CeO ratio ?

(cf. Simon Stegemann)

Cumulative Th-149 cross section

Direct Ce-133m cross section

C Duchemin et al,
Frontiers Med 2021:8:625561.
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Summary

MR-ToF-MS is extremely useful for on-line beam optimization

on-line production of 149.152.155Th best via Dy precursors
149Dy vield release limited, ~2% overall efficiency

= hotter target & thinner foils could help
no laser effect on atomic Pr*, Nd*, Ce*
PrO* and CeO™ laser-ionized with 608 nm + 532 nm
RILIS schemes with 15t step 419 nm produce cleaner Dy
149Dy laser enhancement smaller than for other Dy isotopes
~800-1000 MeV p would produce significantly less 33Ce

off-line production of 149.152.155Th would be different
(cf. next talk)



