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Nuclear Imaging: SPECT and PET College
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SPECT PET
PROS:

e Sensitive: micrograms quantities,
or less...(microdose imaging)

« Hot-spot - no endogenous
background

* Notissue penetration issues

 Whole-body (PET)

* Dynamic - kinetics (PET)

« Quantifiable (PET)

CONS:
« Use of radioactivity -
manageable risk

111In-DTPA-octreotide ~ 64Cu-DOTATATE

Pfeifer et al. J Nucl Med 2012:;53:1207



The sensitivity of
PET
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In vivo PET and PEPT imaging of a single particle %S

PET
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PEPT

Positron
Emission
Particle

Tracking

MASS DOSE: 1 silica particle = picogram range (10— 1012 g) vs. 10® g for standard PET tracer !!
RADIATION DOSE: 2 kBq (single particle) vs. 10,000 kBq (standard PET tracer) !!
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PET imaging as a drug development tool - SGolege

PET imaging allows:

- See where is the drug is going i.e. biodistribution -
whole-body! Using micrograms or less!!

- How fast, when? — pharmacokinetics = whole-body, 3D!
- How is it cleared? How fast? - Excretion

- Optimisation of dose and administration route

- Translatable: directly from animals to humans O

- Patient-selection tool (personalised medicine /
theranostics)

From SMALL MOLECULE drugs, to LARGE MOLECULES (e.g. Abs), to CELL THERAPIES



PET Imaging of Antibodies

Easy to radiolabel

Well-defined structure
Well-established chemistry
Radiolabel does not affect function

1hp.i. 72 hp.i. 144 h p.i.

Correlation of tumor uptake of [89Zr]Zr-bevacizumab with blood pool.

Molecular Drug Imaging: 8°Zr-Bevacizumab PET in Children with Diffuse
Intrinsic Pontine Glioma, J Nucl Med 2017; 58:711-716



Why is PET not used more often for
nanoDDS development?

Main barriers
« Complex structures - (Radio)-chemistry
 Costs / infrastructure

* Only BioD/PK information
 Human studies - Radiation dose to patient
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Labelling nano-DDS for PET imaging
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NPs are not insensitive to labelling for imaging (i.e. how and where you label matters)

89Zr-Df-liposome
?Q;Hg (thiourea linker) 9)
OCH3
Qpp O
%%%@ /*o/\fOCH3 b)
Qg:Hg 392 -Df-PEG1k-liposome
(amide linker)
d
Qﬁ\ /‘—\/OCHB
QQ . 45
2P /O
» \/
%s\j‘»‘i"\; C)
0 o
B oo

89Zr-Df-PEG2k-liposome
3 (thiourea linker) ~

e
ele
pppp 0
s
D
0
Q
% A o/\"/:(s)cm

J. Seo et al. Nucl. Med. Bio. 2015; 42: 155 - 163
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Chem Soc Rev

REVlEW ARTlCLE View Article Online

View Journal | View Issue

() Cheok for updates Radiolabelling of nanomaterials for medical
imaging and therapy

Cite this: Chem. Soc. Rev., 2021,
50, 3355 Juan Pellico,@T Peter J. Gawne@T and Rafael T. M. de Rosales () *

70 pages, >700 references




Why is PET not used more often for
nano-DDS development?

Main barriers
« Complex structures - (Radio)-chemistry
 Costs / Infrastructure

* Only BioD/PK information
 Human studies - Radiation dose to patient



Why is PET not used more often for
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Main barriers
« Complex structures - (Radio)-chemistry

» Costs / infrastructure
* Only BioD/PK information - multimodal imaging

 Human studies - Radiation dose to patient
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New technology: Total-Body PET Clollege
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3D — whole body
High sensitivity (up to 40x)

High spatio/temporal ‘ |
resolution ! i
Quantiﬁcation 15's 17s 19's 23s 29s 4 min 2 min

S. Cherry et al. INM (2018 ) 59, 3-12
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New technology: Total-Body PET T oGoese

Two TB-PET now available at KCL !!
(50% of TB-PET scanners in the UK)
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New technology: Total-Body PET N College

Current emphasis in my group:

TB-PET will facilitate the evaluation of nano-DDS in humans for
a better understanding of their in vivo behavior

Human heterogeneity
Disease heterogeneity
Py Novel materials / routes of administration

Support the selection of the best healthcare nanomaterials of
the future



ING’S
College

Total-Body PET for imaging nano-DDS: why? e

Despite many multimodal imaging studies in preclinical models, We still
don’t fully understand how nano-DDS behave in vivo

A %9Zr-PEG-liposome #Zr-dendrimer B #97r-exosome/EV C_ %Cu-SPIO 87r-Feraheme

23 M3q'ml
29 SUv

Poley et al. ACS
Nano, 2022,
16(4):5246

04 NEgmi

R

Intravenous Intramuscular Intranasal
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nature medicine

Brief Communication https://doi.org/10.1038/s41591-024-03453-1
Bioaccumulation of microplasticsin
decedent humanbrains

....The majority of MINPs found in tissues consist of PE and
appear to be nanoplastic shards or flakes. MNP concentrations
in normal decedent brain samples were 7—-30 times greater
than the concentrations seen in livers or kidneys, and brain
samples from dementia cases exhibited even greater MNP
presence....
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Total-Body PET for imaging nano-DDS: why? Bsiei

npj | vaccines Article

Published in partnership with the Sealy Institute for Vaccine Sciences

https://doi.org/10.1038/s41541-024-00911-2

The direct effect of SARS-CoV-2 virus
vaccination on human ovarian granulosa
cells explains menstrual irregularities

M Check for updates

Hadas Bar-Joseph'’, Yael Raz ®%’, Anat Eldar-Boock', Nadav Michaan?, Yoel AngeP, Esther Saiag*,
Luba Nemerovsky®, Ido Ben-Ami®, Ruth Shalgi’ & Dan Grisaru®?



Total-Body PET for imaging nano-DDS: Iclgllgg
choosing the right radiochemistry LONDON

Breast cancer Fibrosarcoma Rheumathoid arthritis

43.3 14.6
%ID/mL %ID/mL
X 4

Phospholipid

Cholesterol

Hydrophilic
Payload

Hydrophobic
Payload

PEGylated Lipid

e.g. Liposomal
doxorubicin (Caelyx/Doxil)

-Edmonds et al. ACS Nano, 2016;
10:10294

-Gawne et al. Theranostics 2020;
10(9):3867

-Gabizon et al. Pharmaceutics 2023;

15(11), 2606 :
-Minino-Carrascal, Preprint 89Zr-DOXIL  8Zr-Talidox n-PLA 89Zr-PEGylated liposome (glucocorticoid) )

w

15.5
%ID/mL

VOIQ3NONNI g




Total-Body PET for imaging nano-DDS: g;&g;
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choosing the right radiochemistry

89Zr-Neutrophil MVs exosomes in RA model (iv injection)

Brain uptake 0 7' ON, o @
Peak inflammatic % Ejj\_?g%(: %;
By, © &

- 1hp.i. [89Zr)Zr(oxinate), %%}m

MIP PET MIP T— 0 , &>
' Axial )
89Zr-sEV/exosome
o

V'S

A Early inflammation B Peak inflammation

MIP PET MIP}Q—CT

O

Quantification of LNs
0.0412

Coronal

Number of LNs
) T
1 |
. ._.J

Early Peak
Inflammation group

Exosomes/sEVs as DDSs seem to be well suited for delivering drugs to lymph-node resident
cells and interact with the adaptive immune system Unpublished data



Total-Body PET for imaging nano-DDS: ING’S
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choosing the right radiochemistry LONDON

Polysarcosine — PEG alternative

— Long circulation = high tumour uptake

Tia Gibson (Thu Tech session V — 10am)

Manuscript in preparation. Collaboration with  AstraZeneca



Total-Body PET for imaging nano-DDS: ING’S
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choosing the right radiochemistry LONDON
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Biodistribution of 8°Zr-Radiolabeled Nanoassemblies for
Monoclonal Antibody Delivery Revealed through In Vivo PET
Imaging

Ana M. Lépez-Estéver, Amaia Carrascal-Minifio, Dolores Torres, Maria José Alonse,
Bafael T. M. de Rosales,® and Juan Pellico®

Cite This: ACS Omega 2025, 10, 47634773 I: IHedd Online

Nanomedicine to aid and tune \
intracellular biodistribution of
monoclonal antibodies
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Imaging the effect of external stimuli in the
whole-body in vivo behaviour of nano-DDS

External X-ray radiation

&
FUS



The effect of external beam X-ray radiation (EBRT) on the tumour
delivery of nano-DDS
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CARCER RESEARCH 84, 307-559, laroary 13, 23004E]

Radiation Improves the Distribution and Uptake of Liposomal Doxorubicin (Caelyx)
in Homan Osteosarcoma Xenografits

Catharina de L. Davies,' Lisa M. Lundstrem,' Jomar Frengen,” Live Eikenes.'! Oyvind 8. Bruland,’ Olav Kaalhus,* a
Mari H. B. Hjelstuen,” and Christian Brekken® 08
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Imaging nano-DDS in combination with EBRT e

Radiotherapy treatment planning

Doxorubicin (cytotoxic)
+ * Islam, Gabizon, La Beck et al.
Nanotheranostics 2022, 6, 451

Alendronate (immune modulatory * Gabizon, La-Beck et al. Biomolecules

. effects through interaction with TAMs 2023, 13, 1309.
; (9M1) activation of some gamma- * @Gabizon et al. Pharmaceutics 2023;
g 15(11), 2606
delta T Cells
Fribrosarcoma tumour
irradiation
150
Control
0.0728 ©  Irradiated - - EUE
1004 | x ZEEI/PLAD
2 . g
S m
50 —— ? }
-, —|
o 1 1
Control Irradiated ] 25 e
> Tumour uptake Therapeutic efficacy
NO Bxtemal-beam radiation
Unpublished results
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Il Control
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Significant differences were observed in several tissues, including blood suggesting systemic
effects of the tumor targeted radiation (potential link to abscopal effect??)



Imaging the effect of external stimuli in the
whole-body in vivo behaviour of nano-DDS

External X-ray radiation

&
FUS
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Using PET to image FUS nano-DDS brain delivery - SGolege

FUS BBB opening

.
/ N

\\ Transducer

fecusen PCD transducer — [ &

Ultrasound

Acoustic emission
from cavitation
5 Endothelial cell
Brain
Blood * Drug-- \ # .

BR1 FUS transducer ——=

microbubbles
(~2.5 um)

0.3 MPa

Microbubble

Closed Oscillating microbubble
blood-brain
barrier

Opened
blood-brain barrier

Bae et al. https://doi.org/10.1101/2023.12.21.23300222

/i o

[89Zr]Zr-Talidox (~36 nm)

. Collaboration: Dr Antonis Pouliopoulos (KCL)
and Innomedica

Dr Aishwarya Mishra submitted



Treated

(FUS)

Non-treated

Using PET to image FUS nano-DDS brain delivery
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Brain uptake

¢« Treated
= Non-treated

14-fold increase

O
&
Left and Right Brain ROI
47 -o- Left Treated
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Using PET to image FUS nano-DDS brain delivery - SGolege

Whole-body bioD

A [8%Zr]Zr-Talidox + Microbubbles B [89Zr]Zr-Talidox C
s > Biodistribution - 72 hours
£ £ 100
= B ®zr.Talidox
80 M Microbubbles + 8Zr-Talidox
2 60
<
°\°
40+
20
&
\> .
c.)\o IR ((
£ = » @ ®

1h 24h 48h 72h 1h 24h 48h 72h

submitted



Conclusions

PET imaging is well suited to study the whole-body bioD/PK of DDSs and inform their effective
development (pre- and during clinical studies)

* Drug development tool / optimise clinical trials / support regulatory approval.

* |dentifying unexpected areas of uptake (avoid off-target toxicities etc)

* (Nano)Theranostics (using imaging to predict efficacy) 2 important due to human and
disease heterogeneity)

Choosing the right radiochemistry and conditions to label the DDSs is important 2 maintain
original physicochemical properties of DDS

Total Body PET is a game-changing technique for human translation = low dose of radiation and
drug + whole body capability

EPSRC - £10m funding to KCL to establish a world leading
engineering and Physical scences — C@NEre for total-body PET imaging of nano-DDS

Research Council

39
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