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Glioblastoma (GBM) 

▪ Grade IV astrocytoma 

→ Infiltrative and invasive cancer 

cells

→ Most fast-growing and 

aggressive brain tumor

▪ 2400 cases/year in France

▪ Median age: 64 years

Current standard treatment

▪ Stupp protocole

✓ Tumor resection 

✓ + Chemotherapy 

(Temozolomide) 

✓ + External radiotherapy (X ray 

→ 60 Gy)

→ < 5 year-GBM survival rate is 

only for 6.8% patients

→ Alternative ?

→ Photodynamic therapy (PDT) 

Low light penetration depth is the main limiting point

Poor tissue penetration 

CLINICAL CONTEXT
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PHOTODYNAMIC THERAPY

Light

Oxygen
Photosensitizer

Drug-light delay

Interstitial PDT

Intra operative PDT
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PHOTODYNAMIC THERAPY

JABLONSKI DIAGRAM
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PHOTODYNAMIC THERAPY PRINCIPLE

• Photosensitizer properties

– Non cytotoxic without light

– High singlet oxygen quantum 
yield

– Large spectral overlap with 
light source

SORET BAND

Q BANDS
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PHOTODYNAMIC THERAPY: CLINICALLY FEASIBLE
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PHOTOSENSITIZER 

SILICA-BASED 
NANOPARTICLES

IMAGING 
AGENT 
FOR MRI

PHOTOSENSITIZER 
GRAFTED WITHIN 
THE NANOPARTICLES

Traite

HOMING PEPTIDE 
TARGETING 

NRP-1

DOTA (Gadolinum chélaté)

About 10 DOTAs/nanoparticle
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PHOTODYNAMIC THERAPY PRINCIPLE

652 NM, 26 J, 8MIN

ONLY 1 SESSION
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PHOTODYNAMIC THERAPY PRINCIPLE
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CERENKOV-INDUCED PHOTODYNAMIC THERAPY

Schneller et al, Pharmaceuticals, 2023

NANOPARTICLE INTEREST:

• FUNCTIONNALIZED AGUIX-DERIVED

• NANOSCINTILLATOR CHELATES
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CERENKOV-INDUCED PHOTODYNAMIC THERAPY

Daouk et al, Radiation, 2020
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SINGLET OXYGEN PRODUCTION

Schneller et al, Pharmaceuticals, 2023

Kinetics of singlet oxygen production by AGuIX@Tb-P1 under Gallium-68 exposure. 

7.35 µM AGuIX@Tb-P1 (P1 equivalent), 10 µM fluorescent probe and 15–20 MBq(68).
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EFFECT ON CELL SURVIVAL

Schneller et al, Pharmaceuticals, 2023

• SCINTILLATOR IMPROVES TREATMENT EFFICACY

• 3 MBQ OF 68GA REACH THE SAME EFFECT THAN A 2 GY X-RAY-PDT IRRADIATION

• 3 MBQ OF 68GA REACH THE SAME EFFECT THAN A 4 GY X-RAY IRRADIATION WITHOUT PDT

Impact of Gallium-68 deposition into U-251 MG cells. 
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EFFECT ON NUCLEAR DNA

➢ 2 Gy X-ray + NP Tb-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 68Ga (~10-4 Gy) ➔ Basal H2AX signal = no DNA alteration
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EFFECT ON OXIDATIVE STRESS RESPONSE

➢ Nuclear Ubiquitinated Nrf2 increased after X-ray or 68Ga irradiation ➔ transcriptional activity increased

N: NUCLEAR SAMPLES, C: CYTOPLASMIC SAMPLES

1             0.6           2.2           3.5            3.4

➢ HO-1 increased with irradiation ➔ increased anti-oxidative activity

➢ 3 MBq 68Ga yields same HO-1 expression than X-ray 4 Gy
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EFFECT ON OXIDATIVE STRESS RESPONSE
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CONCLUSION

High energy charged particles produce enough Cerenkov photons 

to induce a PDT effect

Cerenkov-induced PDT can kill cancer cells with a much lower 

deposited dose compared to radiation therapy

Cell death is not linked to nuclear DNA damage

Oxidative stress seems to be the main involved pathway
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