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s Development of new radiotherapy modalities 4 =
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LIPOSOMES FOR RADIOTHERAPY-TRIGGERED DRUG RELEASE IN PANCREATIC CANCER
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Light- and Radiation-controlled drug delivery

Mans Broekgaarden
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!A need for impro

PANCREATIC CANCER

Median survival 6 months

P 85% of patients not eligible for surgery

ved treatment safety & efficacy
Radiotherapy + chemotherapy

Median survival 15 months

Intolerable chemotherapy doses required

Liposomal chemotherapeutics
+ Specific accumulation in tumor
+ Improved safety

- Uncontrolled drug release

Adiseshaiah et al., Nat Rev Clinical Oncol 2016

Challenges

Spatiotemporal controlled drug release
At the right place & right time




!Controlled drug release by light and radiation
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PHOTODYNAMIC THERAPY

Benzoporphyrin derivative (BPD)
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“Controlled drug release by light and radiation

M. Broekgaarden

PHOTODYNAMIC THERAPY RADIATION THERAPY

Benzoporphyrin derivative (BPD)
Light X-rays - Gold nanoclusters 3-nm

‘ | ' - Dodecanethiol-stabilized (hydrophobic)

Absorption spectrum BPD X-ray mass attenuation
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Light-triggered release with
oxidation-responsive liposomes
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!Cholesterol greatly impacts release efficiency

M. Broekgaarden
Impact of Impact of
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Presence of unsaturated lipids such as DOPE is essential !
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M. Broekgaarden

From light to radiation

Light-controlled drug release

Efficient and proven concept

X-ray-controlled drug release

Largely unexplored

Photodynamic therapy still experimental
Shallow tissue penetration (1 cm)

>60% of cancer patients receive radiotherapy
Deep tissue penetration
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The European Synchrotron

X-ray triggered drug release
81.72 keV Synchrotron radiation
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Under investigation from cells to mice
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Theranostic compounds for Boron Neutron
Capture Therapy
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Boron Neutron Capture Therapy: Principle

1) Boron-10 vectorization in tumor 2) Neutron exposition

Boron accumulation
in the tumor Alpha particle

v
! I 9-10 um
Neutron 163 keV/um
Ly — . 108 -nucleus
infusion l ol
in Thermal 210 keV/um

'7Li recoil nucleus
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Current limitations the FDA-approved boron-based
compounds

-

+ 12 boron atoms

\_
- Weak tumor accumulation

COH )
1OB NH2

OH L-BPA
> Objectives:

J
+ Tumor-specific

- Poor number of Boron-atom

To develop innovative theranostic boron-containing compounds
To evaluate their tumor accumulation

To evaluate their BNCT efficacy in relevant biological models
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Theranostic vectors of boron-10

Thermosensible_~

co-polymer \§~

ii. Crosslmkmg

iii. Encapsulatlon
N
S
(o]
Aza-SWIR-BSH-02
Water-
\\ solubilization

\
108

Y4

Cermav

i ]I M/I HA-nanogel
BODIPY-1°B-BSH
complex
@ Hyaluronic acid based nanogel
group IOB_BSM
aza-BODIPY as
theranostic BSH
- = vector

JN=1E

8=




aza-BODIDY as '9B-BSH vector: distribution
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aza-BODIDY as '9B-BSH vector: distribution

o U87-MG glioblastoma cells Mouse-bearing U87-MG sub-cutaneous tumor
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aza-BODIDY as '9B-BSH vector: BNCT efficacy

> In ovo model of tumor

Egg Egg Tumor cell  '9B-compounds Neutron Tumor
Incubation Aperture implantation Incubation exposure collection
Day 0 Day 3 Day 7 Day 10 Same day Day 16
For 1h
@ @ D

» Representative eggs after BSH or aza-BODIPY-BSH incubation (day 10)

The “blue” aza-BODIPY is accumulated inside the tumor mass.



aza-BODIDY as '9B-BSH vector: BNCT efficacy

> In ovo model of tumor

Egg Egg Tumor cell  '9B-compounds Neutron Tumor
Incubation Aperture implantation Incubation exposure collection
Day 0 Day 3 Day 7 Day 10 Same day Day 16

For 1h For 1h
@ @ D

» Tumor masses collected 6 days after neutron exposure

,-150'
™
§ . aza-BODIPY-BSH was able to significantly reduce
: tumor mass (-40%) while BSH did not.
- =
= 0-

Kalot et al, Cells 2020 Sauerwein et al, Life 2021




aza-BODIDY as '°B-BSH vector: BNCT efficacy

> In ovo model of tumor

Egg Egg Tumor cell  '9B-compounds Neutron Tumor
Incubation Aperture implantation Incubation exposure collection
Day 0 Day 3 Day 7 Day 10 Same day Day 16

For 1h For 1h
@ D

Boron was detected on tumor sections using LIBS elemental
Imaging after aza-BODIPY-BSH incubation

Aza-SWIR-BSH-02




Kinetic of tumor uptake

» In ovo distribution of aza-BODIPY-BSH using fluorescent optical imaging
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> In ovo distribution evidences a maximum tumor
uptake after 24-48 h

Tumor fluorescence
(Fold increase)
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R’ =0.83
K=012 +0.06 h" => BNCT efficacy might be optimal if the compound is
Plateau = 93.8 + 8.94 h incubated for >24 h
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Take home message
limitation of the side effects

» Development of new radiotherapy modalities for a better tumor contfrol and a

» Theranostic compounds for BNCT

» Drug formulation optimization for a better efficacy (drug release/tumor targeting)
» PoC.:

> Synchrotron - 6MV clinical irradiator
» BNCT for Rodents-bearing tumors
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