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Innovative strategies to overcome hypoxia-induced
radioresistance in high grade brain tumors
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« from gene to full body »
Preclinical to clinical researches

Molecular & cellular biology
Microscopes (visible/fluorescent, time lapse...)
Hypoxic chamber

CYCLHAD

Preclinical imaging Human imaging

MRI 7T, Micro-PET MRI 3T
PET/MR 7T PET-CT
Angiography
Histology lab

Physiology lab
Behaviour rooms
X-Rays animal irradiator
X-Rays cell irradiator

Molecule labelling
Biomedical Cyclotron
Class D clean room
HPLC/GC equipment
Hot and cold lab
Shielded cells




Promotes tumor growth HYPOXIA
Metabolic changes | |
Angiogenesis
Invasion
Inflammation
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Resistance to
Radiotherapy
Chemotherapy
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Anfray C et al., Biomaterials, 2020
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| Non invasive mapping of tumor hypoxia ? |




Non invasive detection of hypoxia with imaging

Cu-ASTM

SatO2MRI

Valable S et al., 2017, JCBFM
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Hypoxia and radioresistance |More adapted treatments ?

4 4 h
Increasing dose prescription Changing the RT regimen
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Increasing oxygen concentration?

Ex: zeolites
=>» Preferential vasodilation in > Preferential
the normal brain / tumor vasodilation/reoxygenation in
0 the tumor / normal brain
2

Anfray et al., 2020, Biomaterials
Komaty et al., 2020 JCIS

Anfray et al., 2017 ACS AMI Amedlous et al., 2025, ACS AMI

Georgieva et al. 2016 MMM Helaine et al., 2024, NanoScale
tukarska et al. 2016 MMM
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IMRT ProtonT

Chakhoyan A et al., 2017 Sci Rep.
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> Neuro Oncol. 2020 Mar 5;22(3):357-368. doi: 10.1093/neuonc/noz169.

Hypoxia and radioresistance
VCAM-1 targeted alpha-particle therapy for early

brain metastases
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?
‘;re adapted treatments : AlphaTherapy (212Pb, 211 At)
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Increasing dose prescription { Changing the RT regimen ? }
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increasing oxygen concentration?
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Radiosensitivity of glioblastoma cells to carbon ions Dr E. Péres
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Hypoxia-dependent radioresistance with with X-rays
But also with carbon ions in a cell-type dependant manner




Differentiated

(o) ( Dedifferentiation

cancer cell
(non-GSC) >
?
+/- Hypoxia  carbon ions vs Protons vs X-rays
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\ )  Undesired side effects ?




Interest of proton therapy to spare circulating leucocytes ? Dr J. Coupey
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Effects of X-Rays and Protons on circulating lymphoid cells

Day 2

X-Rays
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X-ray irradiation

Proton irradiation \
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Blood and lymph nodes are source of lymphocytes

» More blood exposure to radiation dose in X-ray than in proton
irradiation

» 4 lymph nodes exposed to radiation dose in X-ray irradiation,
which were spared in proton irradiation

Explanation for difference in circulating lymphocyte count
following Xray/Proton irradiation?
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CYRAD study (NCT05082961)

Day 40 3 months after

Day 15
(18-20 Gy) (52-58 Gy)

T I 1 T

(Blood samples before the start of radiotherapy:
e CBC (Complete Blood Count)
* CRP (C-Reactive Protein)

e Cytokines
\.* Flow cytometry analysis: Leukocyte subpopulations Y,
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Evaluation of Brain MRl Changes and Neurocognitive Toxicities Following Proton Therapy: Dr P Lesueur
Impact of Linear Energy Transfer and Effective Biological Dose "

BrainTEL study (NCT04584086) and Cog Proton study (NCT05895344) Baclesse
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