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CLINICAL CONTEXT

Glioblastoma (GBM) Current standard treatment
C - Stupp protocole
- Grade IV astrocytoma » Tumor resection
- Infiltrative and invasive cancer .~ + Chemotherapy
cells | (Temozolomide)
- Mostlfast-gr.owmg and v + External radiotherapy (X ray
aggressive brain tumor > 60 Gy)

“ ORIGINAL ARTICLE ”

- 2400 cases/year in France  Rradiotherapy plus Concomitant < 5year-GBM survival rate is

and Adjuvant Temozolomide for Glioblasto

RugErStupp, M.D., Warren P. Mrjmr‘MD,Mart.ﬂJ,vanden Bent, M.D., Only for 6_8% patients
Medi ge: 04 vears Yo Slanges M. Al . Brandes, M o, Chrsine Maros, VLD,
. , M.D., arosi, M.D., .
" e Ian a e. y Ulrich BDngEn,M D., Jirgen Curschmann, M.D., Robert C. Janzer, M.D 9 Alternatlve ?

Samuel K. Ludwin, M.D.,Thierry Gorlia, M.Sc., Anouk Allgeier, Ph.D.,
Denis Lacombe, M.D., J. Gregory Cairncross, M.D., Elizabeth Eisenhauer, , M.D.,
and René O. Mirimanoff, M.D., for the European Organisation for Research
and Treatment of Cancer Brain Tumor and Radiotherapy Groups and the National
Cancer Institute of Canada Clinical Trials Group*

- Photodynamic therapy (PDT)
Low light penetration depth is the main limiting point
Poor tissue penetration
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PHOTODYNAMIC THERAPY

Interstitial PDT
(iPDT)

Intra operative PDT
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PHOTODYNAMIC THERAPY
JABLONSKI DIAGRAM
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PHOTODYNAMIC THERAPY PRINCIPLE
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PHOTODYNAMIC THERAPY: CLINICALLY FEASIBLE

INDYGO

Etude de Phase 1 de thérapie photodynamique
peropératoire du glioblastome

Sponsor de I’étude : CHU de Lille

Objectif principal : Evaluer la faisabilité de la réalisation de la PDT per opératoire au cours de la chirurgie
d’exérese du glioblastome, sans toxicité immédiate inacceptable.
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HOMING PEPTIDE

PHOTOSENSITIZER CARCETING
GRAFTED WITHIN NRP-1
THE NANOPARTICLES
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Theragnostic Nanoparticles
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PHOTODYNAMIC THERAPY PRINCIPLE

Before iPDT 24h post-iPDT 72h post-iPDT

3
652 NM, 26 J, 8MIN
ONLY 1 SESSION
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SF-FDG-PET
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PHOTODYNAMIC THERAPY PRINCIPLE
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International Journal of Nanomedicine Dove
8 ORIGINAL RESEARCH
M Ultlscale SeIeCtIVIty and In VIVO BIOdIStrIbUtlon Of Mickael Gries' Background: Local recurrences of glioblastoma (GBM) after heavy standard treatments
. . Noémie Thomas ' remain frequent and lead to a poor prognostic. Major challenges are the infiltrative part of the
N RP- I 'Targeted The ranostlc AG u IX Nanopa rtlcles Joél Daouk' tumor tissue which is the ultimate cause of recurrence. The therapeutic arsenal faces the
[ =S I R N ) difficulty of eradicating this infiltrating part of the tumor tissue while increasing the targeting

for PDT of Glioblastoma

This article was published in the following Dove Press journal:

International Journal of Nanomedicine
|
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CERENKOV-INDUCED PHOTODYNAMIC THERAPY

NANOPARTICLE INTEREST:
FUNCTIONNALIZED AGUIX-DERIVED
*  NANOSCINTILLATOR CHELATES

511 keV annihilation photons
68Ga r 1

positron

visible

Cerenkov 302

PS

scintillation photons

‘ -
photoelectron

102

nanoscintillator

Schneller et al, Pharmaceuticals, 2023
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CERENKOV-INDUCED PHOTODYNAMIC THERAPY
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SINGLET OXYGEN PRODUCTION
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AGuIX@Tb-P1 ¢ AGuIX@Tb-P1 + BSA @ AGuIX@Tb-P1 + NaN3 0 68Ga

Kinetics of singlet oxygen production by AGulX@Thb-P1 under Gallium-68 exposure.
7.35 UM AGUIX@Thb-P1 (P1 equivalent), 10 uM fluorescent probe and 15-20 MBq(%®).

Schneller et al, Pharmaceuticals, 2023
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EFFECT ON CELL SURVIVAL
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Impact of Gallium-68 deposition into U-251 MG cells.

» SCINTILLATOR IMPROVES TREATMENT EFFICACY
« 3 MBQ OF %8GA REACH THE SAME EFFECT THAN A 2 GY X-RAY-PDT IRRADIATION
« 3 MBQ OF %8GA REACH THE SAME EFFECT THAN A 4 GY X-RAY IRRADIATION WITHOUT PDT

Schneller et al, Pharmaceuticals, 2023
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EFFECT ON NUCLEAR DNA

v-H2AX Hoechst Merge

Non traitées

2Gy-3h

AGuIX@Tb-P1

Non traitées

8Ga -3 h

AGuIX@Tb-P1

» 2 Gy X-ray + NP Th-P1 = increased H2AX fluorescence = cumulative effect on DNA
» 2 Gy X-ray + NP Tb = H2AX fluorescence not increased = no radiosensitizing effect from Tb
> 3 MBq %8Ga (~10* Gy) = Basal H2AX signal = no DNA alteration
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EFFECT ON OXIDATIVE STRESS RESPONSE

U-251 MG + AGulX@Tb-P1

8Ga
Non irradiées 2.0 Gy (1,5 MBg/mL)

N c N c N c
NFf2-Ub — s D — d‘ 90 kDa

Nrf2 — 67 kDa

GAPDH — o D e @D . 4D 37 kD2
LamineA — 72 kDa
LamineC — - - - 63 kDa

N: NUCLEAR SAMPLES, C: CYTOPLASMIC SAMPLES

» Nuclear Ubiquitinated Nrf2 increased after X-ray or 68Ga irradiation =» transcriptional activity increased

U-251 MG + AGuIX@Tb-P1

U-251
NTNI NI 2 Gy 4Gy %Ga APGJ2

HO-1 — — gl o‘. 28 kDa

1 0.6

» HO-1 increased with irradiation = increased anti-oxidative activity
> 3 MBq 8Ga yields same HO-1 expression than X-ray 4 Gy
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EFFECT ON OXIDATIVE STRESS RESPONSE
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CONCLUSION

C High energy charged particles produce enough Cerenkov photons
to induce a PDT effect

C Cerenkov-induced PDT can kill cancer cells with a much lower
deposited dose compared to radiation therapy

C Cell death is not linked to nuclear DNA damage

C Oxidative stress seems to be the main involved pathway
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