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Targeted Alpha Therapy (TAT) (MiRaCLe ) i )

« Short range within tissue  Biological clearance
 High LET  Organ affinity
. DNA damage by DSB * Recoil daughter effect

relocation of daughters => side effects (Toxicity)
TaT as adjuvant therapy to overcome

resistance to treatments using B-emitters
Cancer Cell

Targeting agent

Cancer
Receptor

" Chelator &—— ¢

§

> a w57 =
- =
. e 8 i (W ———@ 25A¢ daughters
After 4 cycles After 2 cycles 21p¢ @Qy 'B'
177Lu-DOTATATE 225Ac-DOTATATE (X ) 'j v
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Imaging for dose verification

Electrons/a-particles
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MIRD formalism

» Source-target organs

» S values determined by Monte Carlo radiation energy transport
calculations using reference anatomy (simple geometry or voxel model)
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with an appropriate number of time points
= Imaging?




225A¢ quantification MIRaCLe ) i )

225Ac: long half life of 10 days with emission of 4 alpha particles in the decay chain but ...
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ex vivo a-camera (autoradiography)
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Ex vivo gamma counter measurements In vivo Cerenkov imaging Pretargeting Y+ ¢

of organ uptake (%ID) \ \
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Preclinical
in vivo ySPECT imaging
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Jie Bai et al. THNO 2016:6,3:342-356

=> Translational potential

relative count rate
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225 Ac
VECTor (MiLabs)
Collimator UHS & HEUHR
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Robertson et al., Phys. Med. Biol. 2017




Preclinical

Total activity  Bed Time per bed
Phantom (MBq) Positions ~ Collimator  position (min)  Counts (millions)
Contrast, noise, 277 +£0.22 36 HEUHR 40 21, 4.34
uniformity
213g; 8.37
UHS 40 21 27.30
2134 101.07
Resolution 1.79+0.14 18 HEUHR 80 215, 5.23
213B; 9.53
UHS 40 215, 15.98
213g; 43.25
Chromatography 0.24 +0.02 1 HEUHR 60 215y 0.15
Column
213B; 0.23
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Energy window setttings:

*  15% photopeak window
* 3% side windows

0.4 mm voxelsize

Robertson et al., Phys. Med. Biol. 2017




Preclinical MIRaCLe ) Maidton: )

HEUHR - Fr-221 HEUHR - Bi-213 UHS - Fr-221 UHS - Bi-213

Resolution Phantom (@ 0.95 - 1.7 mm)

contrast insert profiles

g 0:05 - i Contrast Contrast
o — HEUHR 440 keV recovery recovery Background
E0.04 ----UHS218keV hot-warm warm-cold Noise variability
5 T UHS 440 kev Collimator ~ Image (%) (%) (%) (%)
® 0.03
£ HEUHR 2 845 66.5 15 7
g 0.02 238; 83 86.8 25 8
s UHS 2ig. 77 75.3 17 7
S 001 23y 73 68.7 29 15
E Ideal value 100 100 0 0
HEUHR - Bi-213 UHS - Fr-221 UHS - Bi-213 0 : : ’
0 5 10 15 20
distance [mm]
15
1
MBg
mL
0.5
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Preclinical

Feasibility study
» Chromatography to isolate 2'3Bi from 225Ac
« Dynamic imaging using 22'Fr and 22'Bi EW
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Clinica

Ac-225 PSMA-617 post 1stCycle 2257c-DOTATATE WB
68Ga-DOTATATE PET
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Clinical
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225Ac SPECT

Challenges

Limitations inherent to 22°Ac
« Small injected activities (~ 4-13 MBq patients - < 90 kBg/mice (22°Ac-DOTATATE))
« The lack or very low abundance of the gamma emissions (?'Fr and 2'3Bi photopeak)

Technological limitations
« Sensitivity of the detector (inherent to the SPECT system)

=> PRISMAP: maximizing the potential of 225Ac SPECT
« Siemens Intevo T16 SPECT/CT system (clinical)
* Molecubes y/X-CUBE SPECT/CT system (preclinical)



225Ac SPECT T .
Siemens Intevo T16 SPECT/CT system (clinical) §‘°'
H
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» spectral reconstruction

| (78 keV), Il (218 keV, 22'Fr) and Ill (440 keV, 2'3Bi
«  25Ac <> recoiled (free) daughter 213Bi => kidneys/urine (78 keV), 1l (218 keV, "Fr) and Il (440 ke, B1)
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Poty et al. Clin Cancer Res; 25(2) January 15, 2019




