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Darleane Hoffman — pioneering radiolanthanide chemist

3 —_
10 = Pm I
E 62 =
E Sm Cm =]
s | -
o
— = n <
==l | o o — =
(& = ) =
<< : L ] Fl
- b —
- ; e
>
A 'l L L A A L A L L A L
48 72 96 120

DROP NUMBER
Louise Smith and Hoffman, J Inorg Nucl Chem 3: 243-247 (1956).



Periodic Table of the Elements
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Periodic Table of the Elements
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Lanthanides and their homologues
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Radiolanthanides across the United States
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Radiolanthanides across the United States
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Radiolanthanides across the United States
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185Er at the University of Wisconsin

molecules MDPI|

Article
A High Separation Factor for 1®°Er from Ho for Targeted
Radionuclide Therapy

Isidro Da Silva 1-2(3, Taylor R. Johnson !, Jason C. Mixdorf !, Eduardo Aluicio-Sarduy ', Todd E. Barnhart ?,
R. Jerome Nickles !, Jonathan W. Engle L3( and Paul A. Ellison *

! Department of Medical Physics, University of Wisconsin School of Medicine and Public Health,

1111 Highland Avenue, Madison, WI 53705, USA; isidro.dasilva@cnrs-orleans.fr (I.D.S.);

trjohnson32@wisc.edu (T.R.J.); jmixdorf@wisc.edu (J.C.M.); aluiciosardu@wisc.edu (E.A.-S.);

tebarnhart@wisc.edu (T.E.B.); rnickles@wisc.edu (R.J.N.); jwengle@wisc.edu (J.W.E.)

Conditions Extrémes et Matériaux: Haute Température et Irradiation, Centre National de la Recherche

Scientifique, UPR3079, Energy, Materials Earth and Universe Science Doctoral School, Université d’Orléans,

F-45071 Orléans, France

3 Department of Radiology, University of Wisconsin School of Medicine and Public Health, 1111 Highland
Avenue, Madison, WI 53705, USA

*  Correspondence: paellison@wisc.edu

Q
\.Isotope Program
\S p g

U.S. Department of Energy

Isidro Da Silva
(CEMHTI, Orleans, France)

N
Supported by Department of Energy Isotope
Program, managed by the Office of Science for
Isotope R&D and Production grant DE-SC0020955

Taylor Johnson



Ho ., target — cyclotron irradiations

AMES LABORATORY

U.S. DEPARTMENT OF ENERGY
Materials Preparation Center

"atHo ,,) 99.99995% purity from "aEr (0.5 ppm)

— e
P P : : iy —
- ! gﬂ
£ S 3 N
>
o=
o LTI e
J ~ < =
~
” y

Ho Dimensions 165Er Physical Yield
Diam (mm)  Thick. (mm)  Mass (mg) Ein (MeV) Eout (MeV) (MBq-puA1-h1)
9.5 280-300 174 £ 8 125 7.5 241 +05 5
9.5 200-240 125+ 6 125 8.4-9.1 191 +1.1 3
79 270-280 108 + 4 12.5 7.8 141+14 3 €
79 190 69 +£1 125 9.3 120+ 0.9 - N

After 40 uA

" Da Silva et al., Molecules 26: 7513 (2021).



Ho/1%%Er separation step 1: CX / aHIB

6 250 mm x 10 mm column, AG50x8, 200 — 400 mesh
)

5 mL/min, 70 mM aHIB, pH=4.7, ~17 MBq (2500 psi

400

< 0.07M | _05M

CPS

MHo,before

/ MHyo,after

0 100 200 300 400 500 SFHo/er = Atsgr pefore

Volume (mL) A165Er,after

174 £ 8 mg Ho: SF g = 250 + 150, '%5Er recovery (90.5 £ 1.4)% with (n = 5)
Da Silva et al., Molecules 26: 7513 (2021).




Ho/1%°Er separation step 2: LN2 EXC

Extraction Chromatography (EXC):\/\)\/
OH /\(\/\ \
" —I' R IS H=<E-M

LN2 — HEH(EHP)

1. 1%Erin 0.1 M HNOs, 1. No 8Er

70 aHIB at 5 mL/min

2. 529 mL04 M
HNO3 at 1 mL/min

2. (99.91 + 0.06)% Ho,
(23 + 7)% 165Er

O

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

Da Silva et al., Molecules 26: 7513 (2021).



Ho/1%%Er separation step 2: LN2 EXC

50%

40%

w
=
ES

Percent Eluted
N
A
32

10% F

0%

2. 529 mL04 M
HNO3 at 1 mL/min

3. 4-5mL1MHNO3

at 1 mL/min

570 * 370 ug Ho

|
—e—Ho 0.4M 1M
I ——Er

20

HNO, HNOJ
I

I
.....ﬁ?.%.Er..Yj.QIcl,..S.FE}ﬂQ....:.......
]

. 93%.Er.Xield, SF=320....)...... N

o1, 8% BrYield, SFTO%0. s

40 60 80 100

Volume (mL)

2. (99.91 + 0.06)% Ho,
(23 + 7)% 165Er

3. (78 £ 6)% Er recovery,
SFHO/Er = 1020 + 320

» 380 + 210 ng Ho

Da Silva et al., Molecules 26: 7513 (2021).



DGA EXC in practice and results

(o) (0]
/\/\g\n)k/°\)\N®
1. 185Erin~6mL5 M i bDGA 1. No 165Er

HNO,

2. Trace metal impurities
(Fe, Cr, Co, Ni, Cu),
no '%°Er

3. Lower column acidity,
no 165Er

4. (98 £ 1)% 16°Er
recovery, 1.5+ 0.1 mL

10 mm x 5.5 mm column 0.01 M HCI
100 mg bDGA, 50-100 pm

2. 15 mL 3 M HNO,

3. 2mL 0.5 M HNO;

4. 1.5mL 0.01 M HCI

4 mL 1 MHNO; » 0.4 —-1.4 mL 0.01 M HCI

Overall ~5 hour process: 64%+2% '%°Er recovery, SF g = (2.8%1.1)-10°

Da Silva et al., Molecules 26: 7513 (2021).



Proof-of-concept [1°°Er]JPSMA-617 synthesis

OH
N—""N"¢

o% SO:

unA_N_—N OH
—

r
HN\j
I NH
’OJ/OOH
Lr J,
HO\H/\NJLNO
o H H on

800
) natZn-PSMA617
natHo/Er-PSMA617
700 -
o) | tCu-
50 MBq 'S°Er (80 uL0.01MHC) X rCu-PSMAGTY
1 = 5 nmol PSMA-617 (25 pL) E I
1 M NaOAc (50 L, pH 5.7) > ]
0.1 M ascorbic acid (20 pL) > 500+
80 °C, 1000 rpm, 30 min 1
400 -
e) | I I ! I
° b ['65Er]PSMAG17
|I T r
N— NSO — 94
165 1 --O > .
@) %,'Er‘: A} e 6 -
HNJJ\/N\/_N 0 ; i
@ i
b (6] o 3 -
"/FO 0 -
HN, S :
2 NH -3 T T ) T g
Oy OH 6.0 6.5 7.0 75 8.0
’ 70 Time (min)
Ho‘n/_\NJLN o] . -
o H H Jy Agilent InfinityLab Poroshell 120 EC-C18 column 4.6 x 100 mm, 2.7 ym
95:5 - 20:80 of 0.1% TFA in CH3CN over 15 min
PSMA-617 165Er Activity! ~ Labeling Yield  Labeled MA 1
(nmol) (MBgq) (%) (MBg/nmol) "
1 170 + 88 49+7 82 4 45 3
2 76 97 37 1
5 250 100 50 1

* Radioactivity and MA decay-corrected to end of bombardment.

Da Silva et al., Molecules 26: 7513 (2021).



Positron-emitting 8°Y production and isolation

Applied Radiation and Isotopes 142 (2018) 28-31

- Asp e fatatee anc

Contents lists available at ScienceDirect e
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Applied Radiation and Isotopes
R journal homepage: www.clsevier.com/locate/apradiso ‘ -
Simplified and automatable radiochemical separation strategy for the 1)
production of radiopharmaceutical quality °Y using single column i |
extraction chromatography
Eduardo Aluicio-Sarduy”, Reinier Hernandez’, Hector F. Valdovinos™’, Christopher J. Kutyreff",
Paul A. Ellison”, Todd E. Barnhart®, Robert J. Nickles”, Jonathan W. Engle""b"‘
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Positron-emitting 8°Y production and isolation

~150 mg/cm? pressed 8SrCO; (or 8SrQ)
5 UA (20 pA for SrO), 14 — 15 MeV protons
110 MBq-pA-1-h-186Y, >95% RNP at EoC

e

c06+02 IS 0814023

e HCI - 9 M: Loading (5mL) & Rinse (15mL) — 5
I . HNO; — 0.5 M: Rinse (15mL) f‘
, _ HCI-9M HNO;-0.5M Sl
[ HCI - 0.1 M: Elution (4x300uL fractions) i Cu
VY - oL
c
DGA .g 0.3
ey HCI-01 M
0 O =
@
R JI\/O\)L R g %
\N N/ g
& k 3 o
@
E
o2
w g2
| - 1
N 00 T T T T T | T
| i 0 5 W 15 20 25 30 35 40
\ = Metallic contaminants (aka. Fe, Zn and Cu) Elution volume {mL)

~ - Y
50 £ 10 MBg/nmol DOTA radiolabeling
98 * 1% 8SrCO; recycling efficiency

Aluicio-Sarduy et al., Appl Radiat Isot 142: 28-31 (2018).
Aluicio-Sarduy et al., Nucl Med Biol 126-127: 108780 (2023).




LANL/UCB - Positron-emitting 134Ce/'3%La

ARTICLES nature
https://doi.org/10.1038/541557-020-00598-7 Chemlstry

Developing the **Ce and *%La pair as companion
positron emission tomography diagnostic
isotopes for 2°Ac and ??’Th radiotherapeutics

Tyler A. Bailey'?°, Veronika Mocko ©3%, Katherine M. Shield"%3, Dahlia D. An©®2, Andrew C. Akin©3,
Eva R. Birnbaum 3, Mark Brugh?, Jason C. Cooley?, Jonathan W. Engle @4, Michael E. Fassbender 3
Stacey S. Gauny?, Andrew L. Lakes?, Francois M. Nortier3, Ellen M. O'Brien ™3, Sara L. Thiemann3,
Frankie D. White?, Christiaan Vermeulen @3, Stosh A. Kozimor ©3* and Rebecca J. Abergel ©2>

'Department of Nuclear Engineering, University of California, Berkeley, CA, USA. ?Chemical Sciences Division, Lawrence Berkeley National Laboratory,
Berkeley, CA, USA. *Los Alamos National Laboratory, Los Alamos, NM, USA. “Department of Medical Physics, University of Wisconsin, Madison,

WI, USA. These authors contributed equally: Tyler A. Bailey, Veronika Mocko, Katherine M. Shield. 2e-mail: etienne@!anl.gov; stosh@lanl.gov;
abergel@berkeley.edu

134Ce work has been supported by US
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Office of Science for Isotope R&D and
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Positron-emitting 13*Ce/'34La

Motivation: 134Ce/134La as imaging companion for a-radiotherapy

* Increased application of targeted alpha therapy %2°Ac (T4, 9.9d), 27Th (T4, 18.7d)

« PET radiometals: %8Ga (T1/2 67.7min), 6':l(.';U(T1/2 127h), 132L3(T1/2 48h), 133La(T1,2 39h)
- 88@Ga, 4Cu — different chemistry and coordination
— All too short lived to track biological fate over several days

"Ce" mimicking “*Ac" *ce" mimicking *'Th"
lonic Radius lonic Radius lonic Radius lonic Radius
1.12A 1.01A 087 A 094 A

13“Ce > 13“La - 13483 4+ et + v
Ty23.16d. T,,6.7m stable

In vivo generator

@ Los Alamos : .
: Baily, Mocko, Vermeulen, Kozimor, Abergel, et. al. NATURE CHEM 13. 284 (2021).

Slide provided courtesy of Veronika Mocko (LANL) — full presentation available at:
https://www.isotopes.gov/sites/default/files/2023-11/DOE_IP_virtual-seminar-series_Ce-134.pdf




Positron-emitting 13*Ce/'34La

Isotope Production Facility

134Ce production '/

natl 3 (p, 6n)134Ce

32 g of La metal (45.7 x 3 mm)

Incident energy 77.9 MeV, Exit energy 67.8 MeV H*
Beam current 100 pA, Cumulative charge ~3000 pA.h

La metal

)

La puck in target shell

Irradiated target

™

nnnnnnnnnnnnnnnnnn

Baily, Mocko, Vermeulen, Kozimor, Abergel, et. al. NATURE CHEM 13. 284 (2021).

Slide provided courtesy of Veronika Mocko (LANL) — full presentation available at:
https://www.isotopes.gov/sites/default/files/2023-11/DOE_IP_virtual-seminar-series_Ce-134.pdf




Positron-emitting 13*Ce/'34La

La-Ce separation

134Ce Isolation .
6M HNO, + 0.3M
Target opening La dissolution ~ NaBrO,

Wash L
e

0 50 100 150 200 250 300
Fraction volume (ml)

134Ce elutes with 50 mM HNO,
One column rapid separation with
high yield > 80%

i@ Los Alamos

Baily, Mocko, Vermeulen, Kozimor, Abergel, et. al. NATURE CHEM 13. 284 (2021).

Slide provided courtesy of Veronika Mocko (LANL) — full presentation available at:
https://www.isotopes.gov/sites/default/files/2023-11/DOE_IP_virtual-seminar-series_Ce-134.pdf




Positron-emitting 13*Ce/134La

134Ce product

Product characterization: gamma spectroscopy & ICP-OES

~50 MBg/nmol
(by ICP-OES)

* Radionuclidic purity >99.8% (excluding 135Ce, 13’mCe, 13°Ce and daughters)
e 135Ce < 1%, 13’mCe < 5%, 13%Ce < 3%

» Specific activity >4,000 Ci/g, typical 8,000-12,000 Ci/g on ship date

* Form: Ce(lll) in 0.1 M HCI

* Concentration > 5 mCi/mL, typical 10-20 mCi/mL
* Total Ce 42-101 pg, total Ce concentration 1.4-10.4 pg/mL
* Total La 50-169 pg, total La concentration 1.7- 17.4 pug/mL towee frooe

~3:10°% La ciiaas
decon. factor

AAAAAAAAAAAAAAAAAAAA

17 d from EOB

Ce-139
511keV
- La134

; Ce-134

L "
0 200 400 600 800 1000

Energy (keV)

~40 GBq 34Ce
available to ship ~10
days post EoB

.=ENIDC Sevi L OPRRENT A NTT

Product Information

Specifications

Radicisotope Ce-134

Malf-Ufe/Daughter .46 days to lantharum 134

Decay Decay Radiation nformation (NNDC)

Cvemical Form Ceft¥) In O.1M HC!

Avalladle Specific Activity > 4000 O/g

Acthvity Concentration > S mC/ mL

Radionucidic Purity > 799% (rachding Co-135, Co-137m, Co- 139 and Ls doughten), Co 135 « 1%, Co 2130m 5%, Co-139 <%

Production Route Proton irradiation of La target

rrrrr sing Dissolution and ion excharge

Primary Container Glass crimp- top V-vial

Avaltabitzy Momthiy
Unit of Sale Milicuries

Slide provided courtesy of Veronika Mocko (LANL) — full presentation available at:
https://www.isotopes.gov/sites/default/files/2023-11/DOE_IP_virtual-seminar-series_Ce-134.pdf




Radioterbium across the United States

* Nuclear data
measurements

* Production /
Radiochemical
separation
development
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Terbium-149 @ Texas A&M University Cyclotron Institute

250II\I|I\[|‘\III‘[II\|II\Il\\fl\III[II\['I\\I]!II

Yield

* Theragnostic: decay by a and B+ (TAT and PET)
M t1/2 = 4.1 hours
» Cross section measurements
« 6Lj, 7Li, '"H beams
« Sm, Eu, Gd targets 190
» 22 isotope cross sections measured
* including 3 metastable states 100
« Hyperion (LLNL) allows 148mTh  149mTh 150mTh cross
sections, thus ratio of metastable state to ground
» Future foil stack measurements - excitation function

energy and decay To Tsoiopes

= Tb-149

timescale confirm = To-t49m

B Tb-149&149m
nuclides = To-1a6m
. . . ! Tb-148&148m
yield gives cross section |ZS%is.

== Tb-150&150m

200

50

IJlJIII|\I\I‘I\I\|JI\I

I\I\l\lll|[|[|[l\l\|\l\l

[

0 100 200 300 400 500 600 700 800 900 100
Energy (keV)

lamccan@tamu.edu

Alan MclIntosh — Research Scientist
alanmcintosh@tamu.edu

“Cross sections for 147-149Sm(6Li,x) for the
Production of #°Tb for Targeted Alpha Therapy”
Bills, L.A. et al., Manuscript in preparation.

Sherry Yennello — Professor




Universities of Missouri / Washington Tb collaboration

University of Washington Clinical Cyclotron
« Multiparticle (p, d, a)
« Upto50 MeV p, a, 70 yA

- 10 MW

 thermal flux:
~4 1 014 Cm-2.s-1

Professor Heather Madhushan
Professor Yawen Li Anster Charles Hennkens Serasinghe



153Eu(o,2n)1>°Th

1.00E+02
1.00E+01
1.00E+00

1.00E-01
Energy window Production rate 155Tb Purity, 100 h

(MeV) (MBg/uAh) (%) 1.00E-03
26-20 1.9, EOB 93.1 1.00E-04

1.00E-02

Tb impurities (%)

[
[
=

100

N A N R
(I — I — I —

-
S
N’
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-
wn
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e
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=
-
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28-22 MeV ['3Eu]Eu,0,

——Tb-156
——Tb-154m2
——Tb-154m1
——Th-154g
Tb-153

tin
535d

234d

21.5h
22.7h

94h

50 100 150
Decay time (h)

28-22 MeV ['S3Eu]Eu,0,

[,

)

50 100
Decay time (h)

w DR QURESIIRIGNON S|ide provided courtesy of Anster Charles and Yawen Li (UWash)




Eu debulking for Eu/Tb separation

» Euto Tb mass ratio is significantly large
(19:0.5ug)

» Debulking is desirable to reduce and recover
153Eu excess mass

* Eu, Sm, Yb — only lanthanides with accessible
+2 oxidation states

Eud*+ e- > Eu?* (-0.43V)
Tb3* + 3e" > Tb(-2.28V) X

« Since Eu?* can be easily reduced to its +2
state, an electro-amalgamation approach was
used for debulking

« 90-95% Eu3* debulking observed in 25-min run
(86 mg Eu, 300 MBq of 161Tb as 1%5Tb
surrogate)

Electrolytic Debulking

Cell DC
. generator
Anode L Cathode
terminal (+) | terminal (-)
Ar gas \_I"\\ ii
Pt b < Pt
anode | cathode
Electrolyte layer — I 1.
Mercury T TR Magnetic
layer | stir bar

@ MIZZOH Slide provided courtesy of Madhushan Serasinghe and Heather

University of Missouri Hennkens (University Missouri)

M. Serasinghe (Hennkens research group)




Chromatographic polishing separation

» Triskem columns used to isolate Tb from remaining Eu and formulate Tb product
* 84-90% overall recovery of Tb as TbCl; in 0.05 M HCI with RCP >95%
» labels DOTA at 4 MBg/nmol at ~0.07 MBqg/uL
» 82% recovery of Eu as Eu,O3 (from processing of Hg layer following electrolytic reaction)

i 140 4000
Filtered .
Tb(Ill) from —e—Eu (lll) elution .
| 120
eIeCtr?-lytlc y —o—Th-161 elution r000
reaction 100
€
= 2500
\ 4 A & 80 e
< 2000 §
= 3 60 2
czc\'l < x £ 1500 £
N AN N x 40 -
" E < 1000 <
|_
20 500
7 \7 1 0 )

Tb(NO3); TbCl3 Final 0 5 10 15 20 25 30

product Fraction number 28
Elution profile observed in TK-212 column
2 '3 > : <

@ MIZZOH Slide provided courtesy of Madhushan Serasinghe and Heather

University of Missouri Hennkens (University Missouri)
M. Serasinghe (Hennkens research group)




MURR production of 161Tb

« MURR is the University of Missouri Research Reactor, located in Columbia, Missouri, USA
» Highest power university-operated research reactor in the USA (10 MW)

* Produces various radiolanthanides via neutron irradiation

« High thermal neutron flux is desirable for indirect '®'Tb production from enriched 169Gd

Lanthanide | *La | *8Ce | *°Pr | ®Nd | ®2Pm | ®2Sm | 3Eu|| ®Gd | ®Tb || ®®Dy | ®’Ho | ®%Er | ®5Tm | 7OYb | 7ILu

Series soos | saoate | 10s0s | 1asnes | sansis | 15036 | 1sreea || Tierze’ | 1ssoss || sessoo. | tessso | tersss | iessss | 1rsoss | 1raser
~deca
160G d (ny) 161G d B y o 161Th
oth =140b t1/2= 3.66 min
Prepare ['6°Gd]Gd(NOs); or — : ,
160 pare [*Gd]Gd( o 3)s o Irradiate in flux trap for ~6.5 d, high Separate Gd* and Tb following
[°*YGd]Gd,03 target, 98.2% or 99.96% i 14 D : 161
: . =P flux position (1.8-3.9 x 10'* n-cm™=-s!, = decay of short-lived *'Gd
enrichment, respectively (0.9-1.4 mg . L .
160G d) 0.7-1.4 GBq @ EOQI) radionuclide intermediate
*To simulate processing of large target masses, 200 mg of natGd is added prior to Gd/Tb separation 29

@ MIZZOU Slide provided courtesy of Patrick Bokolo and Heather Hennkens
University of Missouri (University Missouri)
P. Bokolo (Hennkens research group)




MURR processing of 1¢1Th

(i) Pre-condition with 0.1 M HNO;
(i) Load 201 mg at160Gd

(iii) Elute with 0.35 M HNO3

(iv) Elute with 0.5 M HNO3

(v) Elute with 3 M HNO;3

— 16T in
—_ 3.5 M HNO;
1"""" \ 4 y
f c
c = .
e 3
5 o)
c c ° O *
S £ © R .
= >S5 b —
= N
8 S N < .
N — ﬁ
- -—
® D
— |§ O *
c|lT
2=
. o |V
iii ‘I"I" iV ) = g
i,ii,v
\ 4 y

160G \:

161Tb
161Tb

Further
processing -
for recycling

[160Gd]Gd, 05 target data:

Recovery 89 + 4%
RCP >99%
RNP >99.99%

Labels DOTA at ~50 MBg/nmol
(at ~0.13 MBq/uL)

Labels DOTA-TATE at
~8 MBg/nmol (at ~0.13 MBq/uL)

Final product
in 0.05 M HCI

B Mizzou

University of Missouri
P. Bokolo (Hennkens research group)

Slide provided courtesy of Patrick Bokolo and Heather Hennkens

(University Missouri)
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1. Solvent Extraction Studies
(Measure K, Synergism, Separation Factors) %/, DBDECMP + HTTA

T I I I

v Dibutyl N,N-Diethylcarbamyl-
methylenephosphonate (DBDECMP)
v 2-Thenoyltrifluoroacetone (HTTA)

DBDECMP: Negligible Extraction (0%
HTTA: Negligible Extraction (0%)
92%

0.05 M DBDECMP and 0.05 M HTTA
extractant in 1,2-Dichloroethane
Maximum K, Ratio of 3.5 - 3.7

76%

»

15%

1 7
2.0
pH, [HNO,]

=
[ =
9
S
b=
Q
[
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L
c
(]
c
[}
o
c
(1]
L
[
1)
(5]
-
k)
o
S
(]
c
>
(7]

K SEC =1 =10x increase in K4
_ d(1,2)
DBDECMP SEC = Logyo SEC = 2 = 100x increase in K4

e o - : K o
Connor K. Holiski et al. The Investigation of the Synergistic Effect of Neutral Organophosphorus Ligands ( d (1) d(Z) - - o H
Combined with Acidic B-Diketones for the Extraction and Separation of Lanthanides. Under review with the SEC = 3 =1000x increase in Kd

Solvent Extraction and lon Exchange.

THE
UN IVE RS ITY Slide provided courtesy of Connor Holiski and Tara Mastren (UUtah)
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2. EXC Extraction Studies

(EXC Resin Preparation, Evaluate D,
Thermodynamics, Synergism, and Separation ‘ ‘
Factors)

22 "'Gd (0.5 milligram)
-+  Prepare numerous EXC resins with I "*'Tb (65 uCi)

differing wt. % of each ligand 3 |
* V Synergism retained
« V Dy, are functions of pH and ligand wt. %

80% HTTA and 20% DBDECMP

08.7% Tb-161
6.7% Gadolinium

Concentration %

3. Column Experiments
(Study feasibility of Gd/Tb column separations)

v Dy, Ratio of 1.5 at pH 2 HNO;
v Load at pH 3 HNO;, : 1

v Separate at pH 2 HNO; Q¥ &
v Proof-of-concept to design new EXC Fraction
materials with multiple ligands to improve

extraction and separation.

Connor K. Holiski et al. Novel Synergistic Extraction Chromatographic Materials for
the Separation of 11Tb from Enriched 19°Gd Targets. Submitted to Separation and
Purification Technology.
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Radiolanthanides across the United States
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Ho,, target material selection

 Alfa Aesar 99.9% Ho,, foils
— ~100 ppm Er impurity
— With 1 GBq in 100 mg Hoy,
* 10 ug = 60 nmol Er
« AMA limit £17 MBqg/nmol

« US DOE Ames Laboratory Materials
Preparation Center discs

— 0.5 ppm Er impurity

— With 1 GBq in 100 mg Hoy,,
« 50 ng = 0.30 nmol Er

. AMA limit < 3,300 MBg/nmol A AMES

(AR

S92



Ho ., cyclotron target fabrication

A AMES LABORATORY

Materials Preparation Center

"atHo ,,) 99.99995% purity from "aEr (0.5 ppm)

Rolled and punched Spot welded to 19 mm g, 0.5 mm Ta

-,




Radiotherapeutic quality '°°Er in preclinical quantities

>

165Er:

« 1 GBq '®°Er per hour irradiation H 7x Ae—
o 1.1 keV

(~90 nm)

 Isolation from up to 180 mg Ho

— (64 * 2)% '5Er recovery into <1 mL 0.01 M
HCI

— Ho/Er separation factor (2.8 + 1.1)-10°
— 4.9 £ 0.7 hour chemical processing time

» Successful ~50 MBg-scale DOTA-based
radiopharmaceutical labelings performed at 10
— 50 MBg/nmol

Da Silva et al., Molecules 26: 7513 (2021).




Positron-emitting 13*Ce/134La

Activity (mCi)

L - . 1000000 ' E..; ' >' " 4dfrom éOB-§
134Ce radiochemical purity |
100000 §§3 0{0 = -
T T T T T T T T T i 883 i 3
10000 = 1
3 3 10000 b
(@]
1000 ¢ 1000 L
100 ¢ - .
F 0 200 400
10 1 Energy (keV)
i § i 8 g' E < 17 d from EOB
L i =
'F 88 oo} 3T 1 = :
O 1 1 | L 1 N 9‘ 8 \
0 2 4 6 8 10 12 14 16 18 20 §1oooor | |
Time (d)
Y EoB
139La (p,6n)*3*Ce (T,/, 3.16 d) 1000 |
139La (p,5n)**Ce (T,/,0.74 d)
1391a (p,3n)13"mCe (T,/2 1.43 d) Wy . . . .
0 200 400 600 800 1000
@losAlamos  139] 3 (p,n)139Ce (T1/2 137.64 d) Energy (keV)

Slide provided courtesy of Veronika Mocko (LANL) — full presentation available at:
https://www.isotopes.gov/sites/default/files/2023-11/DOE_IP_virtual-seminar-series_Ce-134.pdf




155Gd(a,4n)155Dy - 155Tb

Energy window Production rate (MBq/pnAh) 155Tb Purity, 100 h (%)
(MeV)

155Dy, EOB  155Tb, ~50 h
post EOB

N
S
<

o)
wn
(—]

88.8* 157Dy main
impurity
88.8* 157Dy main
impurity

=
Q
=2,
~
ey
=
-
[}
<

41.5-31.5 . X 75.0% 157Dy main
impurity

*Before chemical separation

Slide provided courtesy of Anster Charles and Yawen Li (UWash)

Predicted activities from alpha irradiation
155Gd,0; targets for 0.25 pAh each

Dy-155 (47-37)
——— Tb-155 (47-37)
= «Dy-155 (45-35)
= Th-155 (45-35)
= =Dy-155 (41.5-31.5)
— Tb-155 (41.5-31.5)




