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Lu-177 vs. Th-161 in Radioligand Therapy (RLT)
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Terbium-161

in Nuclear Medicine

Tb-161 key advantages:

& Similar dosimetry to Lu-177

& Higher biological effect (Auger
electrons)

& Better for micrometastases

s Compatible with existing DOTA
ligands

)0 Potential next-generation RLT
radionuclide
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Primary nuclear pathway
160Gd
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Terbium-161 production in Maria reactor

Results of irradiation of [15°Gd]Gd,0, Possible competing/side activation pathways

1SZGd (n,’Y)153Gd

Batch Irradiation Target Target 161Tph  160Tp 134y 16gy  153Gd 18Gd(n,y)°Gd - B~ = °°Tb (n,y)'®Tb
No. time [h] enrichment  magq content| [MBq/mg

in 1°Gd, %  [mg Gd] 19Tb(n,y)*°Tb
01P 137 97.5 1.5 645 1.61 nd nd nd 0.25 430.0 1525m(n,y)1535m SR> 153Eu(n,y) 154F
02pP 185 97.5 4.4 2703 8.52 nd nd nd 0.32 614.3 153 15
03P 215 97.5 73 6451 1877 nd nd nd 029 8837 Eu(n,y) *>*Eu
04P 216 97.8 10.1 8602 nd 0.13 0.59 0.56 nd 851.7

155Ey(n,y) 156Eu

05P 335 97.8 10.1 10435 nd nd 443 054 nd 1033.2

Isotopic and chemical composition of gadolinium oxides ([1*°Gd]Gd,0,) irradiated in the MARIA reactor

Enrichment

Nd Sm Eu Tb Dy Er Yb

No. Gd-152 Gd-154 Gd-155 Gd-156 Gd-157 Gd-158 Gd-160
[%]

1 0.001 0.06 0.27 0.40 0.32 1.45 97.50

2 <0.001 <0.01 0.27 0.47 0.39 1.07 97.80

[%]
97.5
97.8

Al Ca Cr Fe Ni Cu Sn
60 30 <30 <40 60 <10 30
3 <50 <10 60 <1 3 <1

[Ppm]
<300 600 <100 800 400
<1 <1 11 <9 <1 <1

300 600 50

<300 1
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Separation of **1Tb from 19Gd target material

| Terbium-161
fraction
';GAFESWI
Gadolinium-160 l \
fraction
recycling of 161Th3*
target material in 0.05M HCI

Scheme of the extraction chromatography system
for terbium-161 separation

Primary Gd/Tb Separation Step

* Target dissolved in 0.05 M HCI

* Loaded onto LN, resin column (100 x 10 mm)

* System: LC-20Ai pump, V-7 injector, UV detector, Gabi-Nova radiometric detector
* Flow rate: 0.5 mL/min; column washed with 10 mL H,0O

* Isocratic elution: 0.25 - 0.45 - 1.0 M HNO;

* Gd and Tb separated by radiometric signal

* @Gd fraction collected for recovery

* Radionuclides checked by HPGe; metallic impurities by ICP-OES

Concentration of 1°1Th Fraction

* Fraction adjusted to 4 M HNO;

* Loaded onto DGA Normal PEEK column (30 x 2 mm)

*  Flow rate: 0.5 mL/min; rinsed with 5 mL 4 M HNO3

o 161Th eluted with 0.05 M HCI at 0.33 mL/min

* 10 fractions (0.33 mL each) collected

* Radionuclides analyzed by HPGe; impurities by ICP-OES
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AACI7426 (T Separation of 161Tb from 16°Gd
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eSS target material on LN2 resin

161Th elution profile from LN2 column following sequential

elution with 0.25 M, 0.45 M, and 1 M HNO; m
03P 04pP o5P
DEELRGIN A 0-10 mL Gd-153 Gd-153 Eu-154
@ 0 before Gd Eu-156 Eu-156 Eu-156

1000000 — Activity [cps] - - 1.0 elution Gd-159 Gd-159 Gd-159
| = HCqesmeenieion J 10-50 Gd-153 Gd-153  Gd-153

mL Gd-159 Fu-154  Eu-154

Eu-156  Eu-156

Gd-159 Gd-159

9 [y CEEVC 50-85 ml nd Gd-153 Gd-153
Gd-159 Gd-159

1 Bica{]; B 85-125 Tb-160 Tb-161 Tb-160

500000+

Activity [cps]

o
5]
[7/w] uoneuasuod FEQONH

| [ \ (3 J - T,/,Gd-153 = 240.6 d T,,Eu-154=86y
v T w o0 T,,Gd-159 = 18.5 h T,/,Eu-156 = 15.2 d

Volume [mL]

The blue line: radiometric detector's signal corresponding to the elution of radionuclides

from the column Th-161 elution yield >98 %

changes in HNO; concentration monitored by the UV detector.
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Tbh-161 elution profile from DGA column

Th-161 fraction in 4 M HNO;

5000
4000+
DGA column
3000
'S 2000+

* The Tbh-161 fraction (volume ~ 40 ml) after the
LN2 column was concentrated in the next step on a
DGA column.

o Terbium-161 was eluted from the column in 3 mL
0.05 M HCI with an efficiency above 99 %.

# The highest fraction of radioactivity was obtained
in the second millilitre.

)]
—— 03P
—— 04 P
——05P
T
[a1]
=
2
>
A <
Th-161 eluted in
1000+
™1 | 3mL0.05M HCl
(>99% yield)
500+
0 T T i T 24
Th-161 2 3 4 5 6
fraction Volume [mL]
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@ Expressed as radioactivity of 161™ per umol of competing

[1°1Tb]TbCl, quality control protocol

@ p:r"c?;r;:et;l :la complexation ESA SA; e RCP%
wi of known T
based on a Lutetium (*”’Lu) solution for radiolabelling pharmacopeia monograph concentration (9.9 umol/dm?) 100%

(Ph. Eu. 2798)

SA; - theoretical specific activity of Th-161 (4355 GBq/mg)
RCP- radiochemical purity of [*¢*Th]Tb-DTPA at a molar ratio 1:1

Chemical purity
Identification and radionuclidic purity

Inductively Coupled Plasma
Gamma Spectrometry . 4833 key Optical Emission

with an HPGe detector : 6 ey Spectrometry (ICP-OES)

Radiochemical purity
Thin-layer chromatography

iTLC-SG plates/NaCl solution (9.0 g/l) pH=2.3
Rf for the 161Th3*ion is 0.4-0.7

Determined by radiolabelling of DOTA-TATE with 161Tb
at fixed molar ratios in ascorbic acid
pH

Radioactive concentration . :
Indicator Strips

lonization

- 0.4
chamber

—0.6

= 0.7
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Summary of quality control results of [**Tb]TbCl,

TEST METHOD

Identification Gamma spectrometry

Spectrum radiation of 161Tb Ey = 48.8 keV
Ey = 74.6 keV
Rf=0.4-0.7
Gamma spectrometry
Chemical purity ICP-OES
TLC

Radiochemical purity
Radioactive concentration

Effective specific activity (ESA) Radiolabeling of DTPA with
161Th molar ratio 1:1 (ITLC)

Strip indicator
lonization chamber

Apparent molar activity AMA) Radiolabelling of DOTA-
TATE with 161Tb

HPLC/TLC

Batch No. 03P
97.5% Gd-160

Confirmed
0.55

160Th: 0.35%
Gd: 1.8 ug/GBq
Th: 1.28 ng/GBq
Cu: 0.04 pug/GBq
Zn: 0.15 ug/GBq
Fe: 0.06 ug/GBqg
Pb <0.15 pg/GBq
Ni <0.04 pug/GBq

99.9 %
1.5

2.9 GBg/mL

370.2 GBg/mg

100 MBg/nmol: 59.2+0.6%
50 MBg/nmol: 99.1+0.2%
25 MBg/nmol: 99.3 £ 0.1%

Batch No. 04P
97.8% Gd-160

Confirmed
0.6

nd
Gd: 0.94 nug/GBq
Tb <0.31 ug/GBq
Cu: 0.13 pg/GBq
Zn:0.12 ug/GBq
Fe <0.01 ug/GBq
Pb <0.08 pug/GBq
Ni <0.12 ug/GBq

99.6%
1.5
6.8 GBg/mL

1798.6 GBg/mg

150 MBg/nmol: 99.6% 0.1%
100 MBg/nmol: 99.6% 0.3%

Batch No.0O5P
97.8% Gd-160

Confirmed
0.6

160Th: 0.007%
Gd: 0.42 ug/GBq
Th: 0.22 pug/GBq
Cu: 0.14 pg/GBq
Zn: 0.35 ug/GBq
Fe: <0.01 pug/GBq
Pb: <0.22 ug/GBq
Ni : <0.16 ug/GBq

99.3%
1.5

12.4 GBg/mL

1106.2 GBg/mg

200 MBqg/nmol: 74.9+ 0.2%
150 MBg/nmol: 98.6% 0.4%
100 MBg/nmol: 99.2+ 0.3%
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Stability of [1®1Tb]Tb-DOTA-TATE

Time post- Batch 03P Batch 04P Batch O5P
[161Tb]Th-DOTA-TATE

radiolabeling, h Apparent molar activity, MBg/nmol

10 25 100 100 150
99.2+0.2 99.3+0.1 99.610.2 99.2+0.3 98.610.4
99.2+0.2  98.4+0.3 99.510.5 99.040.3 98.910.2

- - - 99.4+0.4 98.4+0.6

Apparent molar acitivity over time

-8— Batch 03P
-@— Batch 04P
3
= 100 — -8— Batch O5P
5
a
® 99 Bm—— ®
g = -
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Q
A o
o
5 98—
[
[+
[ |
0 24 48
Time, h

& High radiochemical stability over 48 h
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PRISMAP - The European medical isotope programme:

PRISMAR Production of high purity isotopes by mass separation

Medical Radionuclides

[ rswarT]

Summary of shipments of ['*'Tb]TbCl; for the PRISMAP project

User Agreement user, Uppsala University, Sweden

User project identifier: 1695496742_MwdLg Batch No. Shipment date Activity (on the certification date)
User project title: Antibody-based molecular 01P 11.04.2024 720 MBq
radiotherapy: assessment of 161Tb-AKIR001 for o 58.05.2024 800 MBq
potential treatment of CD44v6-positive cancer —
Main contact of the user group: Dr Nestor 03P 08.10.2024 1000 MBq
PRISMAP facility in charge: POLATOM 04P 10.12.2024 750 MBq
05P 01.04.2025 815 MBq

Quality of the ['®'"Tb]TbCl,; was confirmed by the independent research team demonstrating the
reliability of our production process!
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Conclusions

V| The results demonstrate that the Tb-161 produced in our process is of high quality and fully suitable for
further radiopharmaceutical development.

v] Importantly, these findings support the continued clinical evaluation of ['*'Tb]Tb-CP04 within the MTC-Tb
clinical trial.

v/| Details of the MTC-Tb clinical study will be presented on 18 February at 11:21 in the Europa Room (Isotope
Application Session) by Renata Mikotajczak in the oral presentation titled:

161Th-Labelled Gastrin Analogue as a Novel Tool for Precision Treatment of Advanced Medullary Thyroid Cancer —
Study Design of a Prospective Phase I/Il Clinical Trial (Acronym: MTC-Tb)

11
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