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Glioblastoma : an unmet clinical need

1Ali et al. Cancers (Basel) 12(9):2511 (2020)
2Lathia et al. Genes Dev. 29(12):1203-17 (2015)
3Neftel et al. Cell vol. 178,4 (2019)
4Antunes et al. eLife vol. 9 e52176. (2020) 
5Chédeville and Madureira Cancers vol. 13,3 542 (2021) 

WHO : Grade IV astrocytoma
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Aim: To innovate in terms of targeted radiotherapy for 
the locoregional treatment of glioblastoma

Current therapeutic strategy (since 2005)

Stupp et al. (2005) N. Engl. J. Med. 352, 987–996.

Median survival : 15 months

Radiotherapy + chemotherapy (temozolomide)Two clinical situations

1. Surgical resection

2. Non-resectable tumor
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1. Using locoregional radiotherapy to bypass the blood-brain barrier

Simple injection

Backflow?
Homogeneity? 

CED

Distance from infusion site
Co

nc
en

tr
at

io
n

1Bobo et al. Proc Natl Acad Sci USA. Mar 15;91(6):2076-80 (1994)
2Nwagwu et al. Pharmaceutics. Dec 30;13(1):40 (2020)
3D'Amico et al. J Neurooncol. 151(3):415-427 (2021)

Local injection by 
Convection-enhanced

delivery (CED) 1-3

- Homogeneous and flow-
controlled infusion

- Control of the distribution 
volume

- Limited systemic toxicity
- Clinically safe and feasible

3PRISMAP - september 18th - NANTES



2.  a-emitters for vectorized radiotherapy of glioblastoma

Tumor Tumor cells

Ea : 5-8 MeV
Linear energy transfer : 60-230 keV/µm

Tissu range : 50-100µm

à Targeting required

Eb- : 0,1-2,3 MeV
Linear energy transfer :  0,1-1 keV/µm

Tissu range: 2-10mm

à Large tumor volume
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Electron capture
(52%)

Electron capture 
(100%)

7,2h 0,52s

32 years stable

a (42%)
Ea = 5,9 MeV

a (100%)
Ea = 7,5 MeV

Astatine-211 (211At)

Half-life : 7,2h
Tissu range < 100µm
Ea : 5,9 and 7,5 MeV

LET : 99 keV/µm

Which a-emitter ?

Vectorization
strategy? 

2.  a-emitters for vectorized radiotherapy of glioblastoma
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3.  Targeted radiotherapy to deliver radiopharmaceuticals

7

1

1Shi et al. (2017) Oncotarget 8, 40922–40934
2Zhong et al. (2022) Front. Genet. vol. 13 792443
3Chen et al. (2017) Oncol. Lett. vol. 14,6
4Francescone et al. (2011) J. Biol. Chem. vol. 286,17

Proliferation1

Immune escape2

Invasion / Migration3

Angiogenesis4

Syndecan-1 
Proteoglycan : extracellular matrix integrity

Monoclonal antibody 9E7.4
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Syndecan-1 
Proteoglycan : extracellular matrix integrity

Monoclonal antibody 9E7.4

Guérard et al. Acc. Chem. Res. 54, 16, 3264–3275 (2021)

Two-step 9E7.4 radiolabelling using N- succinimidyl-[211At]astatobenzoate
([211At]SAB) prosthetic group

3.  Targeted radiotherapy to deliver radiopharmaceuticals
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Syndecan-1 is overexpressed in GL261 tumors in the immunocompetent C57BL/6j 
mouse model

D10 D17 D25

Survival median without treatment: 33 days

B : MRI follow-up (n=12)

9E7.4IgG2ak
Intratumoral

Peritumoral

A : Immunofluorescence (n=5)

10µm10µm 10µm10µm

Immunocompetent
C57BL/6j

GL261
Murine GB cell line
(50k / 5µL DMEM )

Stereotactic graft
: striatum
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C57BL/6j – GL261 : methodology

iodine-125 : 30kBq        9E7.4 : 2.8µg

I. Biodistribution
Gamma counting

II. Brain diffusion
Digital autoradiography

D0 : Tumor graft (5µL)

astatine-211 : 500-200-100kBq    9E7.4 : 2.8 – 1.12 – 0.56µg

III. Survival / toxicity
MRI, wieght, blood samples

IV. Microenvironment
responses
Immunofluorescence, flow 
cytometry

D11 : Same coordinates à CED (5µL)

Immunocompetent
C57BL/6j

GL261
Murine GB cell line
(50k / 5µL DMEM )

Stereotactic graft : 
striatum
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I. Biodistribution study of the [125I]-9E7.4 conjugate in the C57BL/6j-GL261 model

D0

GL261 graft

50k / 5µL DMEM

D11

Radioconjugate
injection

+
Sacrifice 
+2h (n=3)
+7h (n=3)

D12

Sacrifice 
+21h (n=3)

D14

Sacrifice 
+72h (n=3)

Organs sampling : radioactivity
count
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I. The biodistribution study reveals a major brain retention of the [125I]-9E7.4 
conjugate in the C57BL/6j-GL261 model

11

Kind et al., Prevalence of Syndecan-1 (CD138) Expression 
in Different Kinds of Human Tumors and Normal Tissues. 

Dis Markers. Dec 23;2019:4928315. (2019)
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0
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125I-9E7.4

I. The [125I]-9E7.4 brain retention is significantly higher than [125I]-IgG2ak over 72h
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*p=0,0296
n=3 for each time point

12PRISMAP - september 18th - NANTES



II. Brain diffusion by digital autoradiography of the [125I]-9E7.4 conjugate in the 
C57BL/6j-GL261 model

D0

GL261 graft

50k / 5µL DMEM

D11

Radioconjugate
injection

+
Sacrifice 
+2h (n=3)
+7h (n=3)

D12

Sacrifice 
+21h (n=3)

Brain : cryosections (10 or 30µm)
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2h
A

7h 21h

Digital autoradiography

II. The [125I]-9E7.4 conjugate is distributed around the injection site in the C57BL/6j-
GL261 model

B

Cryosections thickness: 
30µm

Signals superposition 3D reconstruction of the 
brain distribution volume

n=3 for each time point
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MRI follow-up

+

Blood samples : 
- Hepatotoxicity
- Nephrotoxicity
- Hematotoxicity

Radioconjugate
injection

D11

500kBq n=5
200kBq n=11
100kBq n=9

100kBq n=4

100kBq n=5 n=8

III. Locoregional targeted radiotherapy : Survival study after a single injection of 
[211At]-9E7.4

GL261 graft

50k / 5µL DMEM

D0
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III. The [211At]-9E7.4 radiotherapy reveals a major survival benefit and generates
long-term survivors
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Control group n=8

211At-9E7.4 500kBq n=5

211At-9E7.4 200kBq n=11

211At-9E7.4 100kBq n=9

211At-IgG2aκ 100kBq n=4
211At[Na] 100kBq n=5
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III. The locoregional [211At]-9E7.4 radiotherapy exhibits no significant
hematological toxicity over time
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III. The locoregional [211At]-9E7.4 radiotherapy exhibits no liver, kidney toxicity
over time
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D11 D18 D32 D39

Control groupe n=8

[211At]-IgG2ak 100kBq (n=5) 

D18 D25 D32

T2

T1

T2

T1

D18

[211At]-Na 100kBq (n=5) 

D25 D32

MRI follow-up : free astatine-211 and radiolabelled IgG2ak show no significant
efficacy on mice survival
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This area is stable over time for the 500kBq and 200kBq doses

[211At]-9E7.4 500kBq n=5 
60% cure rate 

D11 D18 D45 D102D73

T2

T1

MRI follow-up : Detection of free water in the injection area with the conjugate
[211At]-9E7.4 

20

TAT injection

D11 D18 D45 D102D73

[211At]-9E7.4 200kBq n=11
40% cure rate

T2

T1

TAT injection
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D11 D18 D45 D102D73

[211At]-9E7.4 100kBq n=9
80% cure rate

T2

T1

MRI follow-up : The free water area is resolved over time for the 100kBq dose

21

TAT injection
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Long-term survivors: 
- 500kBq n=3
- 200kBq n=3
- 100kBq n=4
+ control group (n=8)

MRI follow-up

+

Blood samples: 
- Hepatotoxicity
- Nephrotoxicity
- Hematotoxicity

D0 : GL261 graft
D11 : 211At-9E7.4

Contralateral GL261 graft

IV. Long-term memory response? 
Survivors rechallenge with a new contralateral graft in the striatum

D162
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100% of the rechallenged long-term survivors do not develop a new 
contralateral tumor
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D13 D21 D26 D34
Control group n=8

T2

T1

D13 D21 D34
Long-term survivors: [211At]-9E7.4 500kBq n=3

T2

T1

D62 D91

D13 D21 D34

Long-term survivors: [211At]-9E7.4 200kBq n=3

T2

T1

D62 D91

Long-term survivors: [211At]-9E7.4 100kBq n=4

T2

T1

D13 D20 D34 D62 D91

100% of the rechallenged long-term survivors do not develop a new 
contralateral tumor
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Control group

Controlateral GL261
graft

Positron emission tomography
[18F]-Fluorodeoxyglucose

D
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Long-term survivors : [211At]-9E7.4 200kBq

D0 : GL261 graft
D11 : 211At-9E7.4

Controlateral GL261
graft

[18F]-FDG PET

100% of the rechallenged long-term survivors do not develop a new 
contralateral tumor
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• The syndecan-1 targeting by 9E7.4 provides a
prolonged brain retention of radioactivity over
time which is demonstrated to be decisive
regarding survival

• Controlled brain distribution (limited area
around the injection site)

• Survival benefit + 80% cure rate with the
locoregional [211At]-9E7.4 radiotherapy (100kBq)

• Long-term immunization: investigation on
immune populations involved

Conclusions
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Ongoing: 3D reconstruction
- Diffusion volumes of [125I]-9E7.4 versus

[125I]-IgG2ak

What is the impact of syndecan-1 targeting
with 9E7.4 on the diffusion volume?

Dosimetric évaluation

Perspectives
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Mechanisms implied in tumor eradication

- Immunofluorescence (brain, spleen, lymph
nodes) : detection of T cells subsets,
dendritic cells

- Flow cytometry: detection of memory T cells
from blood samples

Long-term survivors

D7 
After treatment

J4-7-10 
After a new graft

Perspectives
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