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177Lu-based Radioligand Therapy

PSMA-targeting radioligand

‘ Yall B -Therapy

Pluvicto™ % S
- L £,

“/;[ PSMA-617

X

FDA approved in March 2022

PSMA = prostate-specific membrane antigen



177Lu-based Radioligand Therapy

PSMA-targeting radioligand

Lu 177

6.65d B_'Therapy

JRE———— HO

Pluvicto™

\L .

PSMA-617

ooarw@

L

FDA approved in March 2022

PSMA = prostate-specific membrane antigen

Pre-therapeutic
tumor spread

PSA 442 *

After 3 cycles
(8 months):
delayed progression

- -

PSA 34

After 3 cycles

(6 months):

delayed progression

PSA 20

Iravani et al. 2020 Prostate Cancer and Prostatic Diseases, 23:38.

PSI



177Lu-based Radioligand Therapy

PSMA-targeting radioligand

Lu 177

6.65d B_'Therapy

JRE———— HO

Pluvicto™

\L .

PSMA-617

ooarw@

L

FDA approved in March 2022

After 3 cycles
(8 months):
delayed progression

Pre-therapeutic
tumor spread

- 0\
Lu 177
6.65d
- Lu177
2 4 6.65d
‘. " Lu 177
6.65d
b )
ic
. PSA442 * PSA 34

After 3 cycles
(6 months):
delayed progression

PSA 20

Iravani et al. 2020 Prostate Cancer and Prostatic Diseases, 23:38.

PSI

After 3 cycles
(9 months):
marked progression

. w_ e

. ) =4 s &
« ‘§ \ -
- .

\‘l
.

d !
; PSA104 *

77Lu is not sufficiently effective to eliminate single cancer cells and cancer cell clusters.



225Ac-based Radioligand Therapy PSI

PSMA-targeting radioligand

Pre-therapeutic Two months after third Two months after additional
tumor spread cycle of 225Ac-PSMA-617 consolidation therapy
“Z5 g-Therapy
HO
210 Oj/OH
N—" N
% S 1x
N._—N o] 225AC-PSMA
SN /Q MOH
N (0]
NH° PSMA-617 ‘ i
/H (o) OH
<0
HOWK\H*H OH
© © 12/2014 7/2015 9/2015
PSA = 2,923 ng/mL PSA =0.26 ng/mL PSA < 0.1 ng/mL

Kratochwil et al. 2016, J Nucl Med Mol Imaging 57:1941.



225Ac-based Radioligand Therapy

225Ac decay chain

Ac 225
o a-Therapy
a
221Fr
4.8 min
ad
\ 4
217 At
32 ms
a
\ 4
213Bg; B 5 213po
45.6 min | 98% 3.7 s
al 2% ctl
\ 4
209T] B_ 209pp 209B;j
—>
2.2 min 3.2h stable

PSI

Pre-therapeutic Two months after third Two months after additional
tumor spread cycle of 225Ac-PSMA-617 consolidation therapy
1x
225Ac-PSMA
‘ Ac 225
12/2014 7/2015 9/2015
PSA = 2,923 ng/mL PSA =0.26 ng/mL PSA < 0.1 ng/mL

Kratochwil et al. 2016, J Nucl Med Mol Imaging 57:1941.

225Ac is effective to eliminate micrometastases but may cause severe side effects.



Current Application of PSMA Radioligands PSI

Key clinical events during the course of prostate cancer

. . Biochemical
Dlagny / nmcv . .
Recurrence

Ga 6_8 Ga 6_8 Ga QB Ga 6_8 >
Time
d d
2 & Additional
Line therapy Therapies
Carbzitaxes -PSMARLT  [m77
-Docetaxel - Experimental e
- Enzelutamide therapies T
- Abiraterone Ac 225

10.0d

Typical treatment Options

Lawhn-Heath et al. 2021 Radiology 299:248.



Application of RLT at an Earlier Disease Stage

Diagnosis

Ga 68

68 min

Time

Biochemical
Recurrence

Privé et al. 2020 BMC Cancer 20:884.

Ga 68
68 min

?

@

Lu 177
6.65d

Ac 225
10.0d

PSI

Early RLT nmCRPC mCRPC
: . Ga 6_8 ....// ........................ Ga 6_8 .................................... Gaf:_‘»S .............................. >
nd rd
Initiation . 21&3 Additional
of ADT Line therapy Therapies

- Carbzitaxel - PSMA RLT
PR _ - Experimental
- Enzelutamide therapies

- Abiraterone

Lawhn-Heath et al. 2021 Radiology 299:248.



Comparison of ''Tb and 77Lu

Decay characteristics

Nuclide

Lu 177
6.65d

Tb 161
6.95d

T1/2

6.65 days

6.95 days

B -
energy
(mean)

134 keV

154 keV

y radiation;
energy (%)

54 keV (4%)
113 keV (6%)
208 keV/(10%)

45 keV (18%)
49 keV (17%)
75 keV (10%)

Conversion
& Auger
electrons

No

Yes!

*Auger electrons: energy: 20 eV-1 keV; tissue range: 2-500 nm; LET: 4-26 keV/um

PSI



Treatment of Macro- and Micrometastases

Decay characteristics

Nuclide

Lu 177
6.65d

Tb 161
6.95d

*Auger electrons: energy: 20 eV-1 keV; tissue range: 2-500 nm; LET: 4-26 keV/um

T112

6.65 days

6.95 days

B -
energy
(mean)

134 keV

154 keV

y radiation;
energy (%)

54 keV (4%)
113 keV (6%)
208 keV(10%)

45 keV (18%)
49 keV (17%)
75 keV (10%)

PSI

Hypothesis
Conversion
& Auger Macrometastases Single Cancer Cells &
electrons Cancer Cell Clusters
No
Yes!




Theoretical Dose Calculations PSI

Dose calculations

Hypothesis

Theranostics 2016, Vol. 6, Issue 10 1611
mi IVYSPRING .

INTERNATIONAL PUBLISHER 7'19!'““05“05

2016; 6(10): 1611-1618. doi: 10.7150/ thno.15132 .
Research Paper S|ngle Cancer CeuS &
' o o Macrometastases c Cell Cl

Comparison between Three Promising B-emitting ancer Cell Clusters

Radionuclides, ¢’Cu, “Sc and '*'Tb, with Emphasis on
Doses Delivered to Minimal Residual Disease

Christophe Championlz, Michele A. Quinto!, Clément Morgat?, Paolo Zanotti-Fregonara?, ELif Hindié2™

Theoretical dose calculations:

The absorbed dose in single cancer cells or cell
monolayers is 3-4-fold increased when using ¢'Tb
as compared to '7/Lu.

Champion et al. 2016, Theranostics




More than a Decade of Preclinical Work with ¢1Tb PSI
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2011 2012 2014 2016 2018 2020 2022 2023 2024

Th 161 ‘
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The articles mentioned above are a selection; additional articles about production and preclinical research have been published.
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Preclinical Work with ®1Tbh: Somatostatin Analogues PSI
AN o
Zentralklinik Bad Berka 3|-| priversitatsspital
Baum et al. Fricke et al.
161Th-DOTATOC: 161TH-DOTA-LM3
First-in-human Tschan et al. Clinical Image
JNM 2021 161Tb-SibUDAB & EJNMM' 2024
161Th-PSMA-I&T:
Therapy
JNM 2023
Muller et al. Maller et al. Miiller et al. Borgna et al. Busslinger et al.
149Th-, 182Th-, 161Tp-folate & 161Th-PSMA-617: 161Th-DOTA-LM3 & 161Th-DOTA-LM3 &
155Th-, 161Th- 177Lu-folate: 161Th-DOTATOC: 161Th-DOTATATE
Therapy -
folate Therapy Therapy Tolerability
JNM 2012 EINMMI 2014 EJNMMI 2019 EINMMI 2022 EINMMI 2024
EANM’18

E‘ED Dusseldorf 4

2011 2012 2014 2016 2018 2020 2022 2023 2024

—

Somatostatin Analogues



 PSI

Application of '®'Tb with Somatostatin Analogues

?

Application of ®'Tb in combination
with somatostatin analogues?

.,0 Q.
b




NET Research Foundation Grant for 11Tb Research PSI

?

Application of '®'Tb in combination » NETRF Petersen Award 2018 to investigate the
with somatostatin analogues? utility of 61Tb in combination with DOTATOC

g M
T Y,

NEUROENDOCRINE TUMOR
RESEARCH FOUNDATION

™\ .. R.Schibli

, R.P.Baum
“ N.P.van der Meulen
3 C.Muller

‘9 Q.
Uign

Goal: Further development of '®'Tb and translation
of 181Tb-DOTATOC to a first-in-human application.



PSI

First Patient Image of a 1'Th-based Radiopharmaceutical

“First-in-human” application

» NETRF Petersen Award 2018 to investigate the
utility of 8'Tb in combination with DOTATOC

s ke,

Zentralklinik Bad Berka, Germany

NEUROENDOCRINE TUMOR
RESEARCH FOUNDATION

R. Schibli

R.P. Baum

N.P.van der Meulen
C. Muller

Goal: Further development of '®'Tb and translation
of 181Tb-DOTATOC to a first-in-human application.

Baum & Singh et al. 2021, J Nucl Med 62:1391.



Application of 'Tb with Somatostatin Receptor Antagonists? PSI

“First-in-human” application

R.Baum P. Bernhardt

(o
cmm

e

Application of '8'Tb in combination with
SST receptor antagonists?

Baum & Singh et al. 2021, J Nucl Med 62:1391.



161Th Outperforms 77Lu also when Localized at the Membrane

“Dose calculations”

?
Application of '8'Tb in combination with

or e SST receptor antagonists?
A40 | 1617
>
)
[0}
330 |
ko]
o]
8
220} b
2 1617 7y

I 177Lu
10 | $'Tb 77y Ly
161Tb
177y I LG AT I H H H
o I Cell surface ]lntra-cytoplasmlc Intra-nuclear i Cell surface :[Intra-cytoplasmic Intra-nuclear
Single cell Cell cluster (central cell)

67Tb should be a better candidate than '”’Lu for irradiating
single tumor cells and micrometastases, regardless of the
radionuclide distribution.

Alcocer-Avila et al. 2020 EJNMMI Res 7:33



161Th Outperforms 77Lu also when Localized at the Membrane

“Dose calculations” Enhancement factor (single cell)
50 |- ®'Th
4ot 1T Cell surface Intra-cyto- Whole Intra-
& plasmatic cell nuclear
(]
830}
©
o
8
220} 181Tp
2 17 Ly 1771y 1.9 3.0 5.8 10.7
177Lu
of " iy " 161Th 5.0 8.3 19.5 38.6
o177y LG AT H H
Jo bl o 161Th/177Ly 2.6 2.8 3.4 3.6
I Cell surface ]lntra-cytoplasmic Intra-nuclear i Cell surface :[Intra-cytoplasmic Intra-nuclear
Single cell Cell cluster (central cell)

67Tb should be a better candidate than '”’Lu for irradiating
single tumor cells and micrometastases, regardless of the
radionuclide distribution.

Alcocer-Avila et al. 2020 EJNMMI Res 7:33 Alcocer-Avila etal. 2020 EINMMI Res 7:33



The Use of SSTR Antagonists with '*'Tb makes Sense

PSI
Enhancement factor (single cell)
?
Application of 8'Tb in combination with
SST receptor antagonists?
Cell surface Intra-cyto- Whole Intra-
plasmatic cell nuclear
The comparison of SST receptor agonists (internalizing 77Lu 1.9 3.0 5.8 10.7
peptide) and SST receptor antagonists (non-internalizing 161Th 5.0 8.3 195 38.6
peptide) with terbium-161 makes sense.
161Th/177Lu 2.6 2.8 3.4 3.6

Alcocer-Avila et al. 2020 EJNMMI Res 7:33



Comparison of 1'Tb and 777Lu with DOTATOC and DOTA-LM3

?

Application of 8'Tb in combination with
SST receptor antagonists?

The comparison of SST receptor agonists (internalizing
peptide) and SST receptor antagonists (non-internalizing
peptide) with terbium-161 makes sense.

DOTATOC
Cell-internalizing SSTR agonist

. Ho}_\ J\oj/o»-c
T
QryEr g

NT o7 NH

e yﬁ%ﬁm

DOTA-LM3
Non-internalizing SSTR antagonist

o el
L Q

Y\N)k/ WK\N)K/N\/N\_{)H

o LY
3.

O

HN/\/\Sf

S
S
N
H

Tb 161
6.89d

Lu 177
6654

Tb 161
6.894d
Lu 177
6.65d



In Vitro Cell Viablity Study: ¢1Tb vs.

Tumor cell viability (MTT)

125 5.0 X

—

100+

Viability [%]

104 102 100 102

105 02X

Viability [%]

104 102 100 102
Applied activity [MBg/mL]

Borgna et al. 2022 Eur J Nucl Med Mol Imaging 49:1113.

AR42]J tumor cells

B 161Th-DOTATOC
B3 177Lu-DOTATOC

AR42]J tumor cells

B '$'Th-DOTA-LM3
B 177 y-DOTA-LM3

177Lu

DOTATOC
Cell-internalizing SSTR agonist

: j
6.89d
Y\N )K/N\/N

[E——

Lu 177
6654

ZN/\/\ H(/HL j}()/\ori SR

DOTA-LM3
Non-internalizing SSTR antagonist

Tb 161
% 6894

Lu 177
HN/\/\ S(/HL \%\ 6.65d
2

PSI



In Vitro Cell Uptake Study: Agonist vS. Antagonist

Tumor cell viability (MTT) Cell uptake & internalization
50X

125' .: ,: 100
— 1004 TTW : 9
X : [ AR42J tumor cells o 801 5
=~ 75- T 3 o
= B {: 2 -
% 5O . = 191Tb-DOTATOC EE *

k 3 o

S A 8 @ 177Lu-DOTATOC S 409

25- H\ < B 161Th-DOTATOC

0l . i E j = . = 177Lu-DOTATOC
104 10-2 100 102 0- T T
Uptake Internalization
) 102 X
125 : : 100
° I 9
= 100 ‘% 80-
>, 75- 3
g AR42) tumor cells %E'E 607 ‘
S 504 N S‘g 40-
B 177_y-DOTA-LM3 £ 27 To-DOTA-LMS
0 . i - B 177Lu-DOTA-LM3
104 10-2 100 102 Uptake Internalization

Applied activity [MBg/mL]

Borgna et al. 2022 Eur J Nucl Med Mol Imaging 49:1113.



Equal Tissue Distribution of 1'Tbh- & 7/Lu-based Radiopeptides

 PSI

Dual-isotope SPECT imaging Cell uptake & internalization

DOTATOC
15 MBq "¢'Th 100+

& 15 MBq "7Lu; 80 N

1 nmol/mouse

Uptake
into AR42J cells [%]

40
20 B 161Th-DOTATOC
1 I — B 177L.u-DOTATOC
177Lu-DOTATOC 0- 1 i I_ ]
1.2 Ba/Voxel r—E LA Uptake Internalization
1.2 Bq/Voxel LeID:DOTATDGCE =, Bq/Voxel
DOTA-LM3 _ 100+
15 MBq '¢'Tb = g0+
& 15 MBq '77Lu; °B ol ‘
1 nmol/mouse f‘g I~
S 40-
<
S 204 B '8"Th-DOTA-LM3
c
_ %7 7 B B 177 u-DOTA-LM3

N\ U
L

Uptake Internalization
177Lu-DOTA-LM3

1.2 Bg/Voxel — 12 BQ/VOXel AR42J tumor
161Tb-DOTA-LM3 R 3
bearing mice

1.2 Bq/Voxel — 12 Bq/VoOxel

Borgna et al. 2021 Pharmaceutics 13:536.



Preclinical Therapy -1%"Tb vs. '77Lu & Agonist Vs Antagonist

PSI

Dual-isotope SPECT imaging

ﬂa DOTATOC ?

;51;454(151611:% How does ''Tb perform compared to
q'Ly;

1 nmol/mouse 177Lu for SST receptor targeted therapy?
49,/

N7
\Y

\‘.‘/,r'

177Lu-DOTATOC

1.2 Bg/Voxel — 12 BG/VOXeE|
161Th-DOTATOC
1.2 Bg/Voxel —

12 Bg/Voxel

DOTA-LM3 Preclinical therapy study in AR42J-tumor-

15 MBq 6'Th bearing mice injected with 2 x 10 MBq of

& 15 MBq '77Lu; the respective SST analogue.
1 nmol/mouse

1" N1
v {
\ 24
N7
LY

. i
Y

R y 7
il “\\_. U \W7)/
L

177Lu-DOTA-LM3
— 12 BQ/VOXel AR42J tu mor
161Th-DOTA-LM3

120cNond bearing mice

1.2 Bg/Voxel

1.2 Bg/Voxel

Borgna et al. 2021 Pharmaceutics 13:536.
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Preclinical Therapy - Tumor Growth Curves

Tumor growth curves

?

20- How does '®'Tb perform compared to
177Lu for SST receptor targeted therapy?

Relative tumor
volume
o
|

Preclinical therapy study in AR42J-tumor-
bearing mice injected with 2 x 10 MBq of
the respective SST analogue.

0 7 14 21 28 35 42 49
Time [d]

Il Control (untreated)
Il "$'Tb-DOTATOC (2x 10 MBg) I '%'"Tb-DOTA-LM3 (2 x 10 MBq)
177Lu-DOTATOC (2x 10 MBq) I "77Lu-DOTA-LMS3 (2 x 10 MBq)

Borgna et al. 2021 Pharmaceutics 13:536.



Preclinical Therapy - Survival Curves y PSI

Tumor growth curves Survival curves
n.d.
20+ 100 '
5 | |
E  15- >, 754
= E =
© S 104 = 5049d 21d 48d
=0 0 S
© > S
[0} 5+ 0 254
14 11
0_ 0 | 1 I | | 1 1
0 7 14 21 28 35 42 49 0 7 14 21 28 35 42 49
Time [d] Time [d]
Il Control (untreated) Il Control (untreated)
Bl '5'Thb-DOTATOC (2 x 10 MBg) Il '6'Tb-DOTA-LM3 (2 x 10 MBQq) B 5'Thb-DOTATOC (2 x 10 MBq) I '¢'Tb-DOTA-LM3 (2 x 10 MBq)
177Lu-DOTATOC (2 x 10 MBq) I "77Lu-DOTA-LM3 (2 x 10 MBQ) 177Lu-DOTATOC (2 x 10 MBg) I "77Lu-DOTA-LM3 (2 x 10 MBq)

Borgna et al. 2021 Pharmaceutics 13:536.



«BETA PLUS» Clinical Translation of '1Tb-DOTA-LM3

PSI

Combined Beta- Plus Auger Electron Therapy Using a Novel Somatostatin Receptor Subtype 2 Antagonist

Production of 161Th

Tb 161
[ XY 695
a
e ——

Reactor & Radiochemistry Labs

N. van der Meulen

161Th-DOTA-LM3

* Y

Preclinical Studies, CRS

- Tschan et al. 2023 J Nucl Med 00:1.
C. Mduller

Labelled with Terbium-161 (*'Tb-DOTA-LM3)

_\I . | Universitatsspital
7/

R.

Basel

Schibli D. Wild

NCT05359146

I—I_’ Swiss National
Science Foundation

Radioligand Preparation

Y ?

GMP Labs, PSI

S. Geistlich

Clinical Study

J. Fricke



Tolerability Study in Mice (without Tumors)

Study design

Immuncompetent, female mice (FVB)

Il Control (untreated)
Il '5"Tb-DOTA-LM3 (20 MBq) I "¢'Th-DOTATATE (20 MBq)

Peptide mass: 0.2 nmol peptide per mouse

A Blood was taken from the sublingual vein to determine
blood cell counts and prepare blood smears at:
Day 10, Day 28 and Day 56 after application

A At Day 56, full necropsy was performed:
A Mass of liver, kidneys, spleen and brain and
respective ratios
A blood plasma parameters (BUN, ALP, TBIL, ALB)

Busslinger & Mapanao et al. 2024 Eur J Nucl Med Mol Imaging, ahead of print.

PSI



Tolerability Study: Blood Cell Counts

Study design

Immuncompetent, female mice (FVB)

Il Control (untreated)
Il '5"Tb-DOTA-LM3 (20 MBq) I "¢'Th-DOTATATE (20 MBq)

Peptide mass: 0.2 nmol peptide per mouse

A Blood was taken from the sublingual vein to determine
blood cell counts and prepare blood smears at:
Day 10, Day 28 and Day 56 after application

A At Day 56, full necropsy was performed:
A Mass of liver, kidneys, spleen and brain and
respective ratios
A blood plasma parameters (BUN, ALP, TBIL, ALB)

Busslinger & Mapanao et al. 2024 Eur J Nucl Med Mol Imaging, ahead of print.

Blood cell counts

Counts [10° cells/L]

Counts [1012 cells/L]

Leukocytes
164 &
14+ —
124 e _ % ¢« . *
10 . w—— . i
el ™ . A_:: o !:! %: = =-E A,
6_ ... A A m A * " ‘
u

44 ="
2_
0

Day10 Day28 Day56
e Erythrocytes
114

Sy b 0 = L
10—«-:-_!.}%2 ?&% .-
9 L J— . L]
8_
7_

Day10 Day28 Day56
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Tolerability Study: Blood Cell Counts

Study design

Immuncompetent, female mice (FVB)

Il Control (untreated)

Il "¢'"Tb-DOTA-LM3 (20 MBqg) I "¢'"Tb-DOTATATE (20 MBq)

Peptide mass: 0.2 nmol peptide per mouse

A Blood was taken from the sublingual vein to determine
blood cell counts and prepare blood smears at:
Day 10, Day 28 and Day 56 after application

A At Day 56, full necropsy was performed:
A Mass of liver, kidneys, spleen and brain and
respective ratios
A blood plasma parameters (BUN, ALP, TBIL, ALB)

Busslinger & Mapanao et al. 2024 Eur J Nucl Med Mol Imaging, ahead of print.

Blood cell counts

Counts [10° cells/L]

Counts [1012 cells/L]

Leukocytes
16+ &
14 ]
124 o.’ . A ® LI A
10- . o —— o i
I L
e A != A ° - N
6_ [ A A . A
44 ="
2_
0
Day 10 Day 28 Day 56
e Thrombocytes
11
° A °® A
® o 830 T
101 = | A v = % 44
L, T = & '_- “
94 - A
8_
7_

Day 10 Day 28 Day 56

 PSI



Conclusions of the Tolerability Study

Conclusion:

»

At 20 MBq radiopeptide per mouse, no changes were
determined as compared to control mice.

At 100 MBq radiopeptide per mouse, the blood cell
counts dropped, but mostly recovered over time.

The drop was more pronounced for the antagonist than
for the agonist irrespective of the radionuclide.

161Th-labeled radiopeptides seemed to be well
tolerated.

Based on this study, it can be assumed that '$'Th-
DOTA-LM3 can be used at equal activities as 7’Lu-
DOTA-LM3 (which is lower than for the agonists)

Busslinger & Mapanao et al. 2024 Eur J Nucl Med Mol Imaging, ahead of print.
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Preclinical Work with *1Th: PSMA Ligands  PSI

M _ | Universitatsspital
Zentralklinik Bad Berka 7|_| )

Basel
Baum et al. Fricke et al.
161TH-DOTATOC: 161Th-DOTA-LM3
First-in-human Tschan et al. Clinical Image
JNM 2021 1me-SibUDAB & EJNMM' 2024
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Development of New PSMA Ligands
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Equal Biodistribution of '®1Tb- and '"’Lu-based PSMA Ligands

PSMA-I&T

PSMA-I&T: 4 h after injection
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Tschan et al. 2023 J Nucl Med, 65:1625.
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Equal Biodistribution of '®1Tb- and '"’Lu-based PSMA Ligands
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PSMA-I&T and SibuDAB: Tumor Growth Curves - PSI
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PSMA-I&T and SibuDAB: 11Tb versus 77Lu  PSI
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177Lu-PSMA-I&T (Standard) versus ¢ Th-SibuDAB  PSI
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177Lu-PSMA-I&T (Standard) versus ®1Th-SibuDAB
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