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Innovating treatments in Oncology

Targeted therapies:

- Monoclonal antibodies
- Tyrosine kinase inhibitors

Gene therapy: CAR-T cells
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Glioblastoma

AL 1"« The most common primary brain tumor

[ . in adult

* After treatment, median survival <15
months

* Infiltrating tumor

Surgery

Stupp’s protocol Relapse
Tumor removal PPSP P N
Evolution of the tumor after treatment “
g ra j Recurrence in

cms of
the resection
cavity (90%)
Temozolomide Stupp R, et aI Lancet Oncol., 2009
Design and development of intracerebral
microparticulate implants
From bench.
Radiosensitization of malignant glioma .
...to bedside
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Phase I/ll and lIb clinical trials

Phase lIb clinical trial

* 77 patients, 2 arms with or without MS

* No observed toxicity

* No recurrence at the vicinity of the tumor

+ Significant prolongation of the median survival

5-FU PLGA Microspheres < But need to extend the phase IIb to 200 patients
or more to continue the development!

PLGA= Poly(lactide-co-glycolide)
Menei, et al, Cancer, 1999; Cancer, 2004; Neurosurgery, 2005, 56(2), 242

Nanomedicine : Nanotechnologies applied to Medicine

1 nm =107 m = one billionth
meter!

1 nm/1 m = Hazelnut/Earth

- New properties
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RES Targeting Nanocarriers
(first generation)
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RES avoiding Nanocarriers
(second generation)

Tumor cells
Lymphatic drainage

Enhanced Permeation and Retention Effect (EPR effect)
Maeda H et al J. Contr. Rel 2000
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Third generation of nanocarriers:
decorated nanocarriers with ligands

Vitamses (6.0, lolic aad)

Sugars
(8.9, galaciose)

Protemns (e.g., EGF
and transforrm)

| Peptidas
(e.g. RGD)

Nucieic acics
(%0, splamers)

Antibodies and
their fragmenis

ECM receptors (0.9, heparin
sultate, chandroitn sulphate
and hyahironan)
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EPR-positive tumors

Stealth nanosystems will work nicely

Hureaux J,, et al, Pharm Res, 2010; Hirsjarvi S, et al, Nanomedicine, 2013...

EPR-negative tumors

* New nanomedicines, new strategies and
new routes of administration to induce
new antitumoral activity profile
— Chemotherapy
— Radiotherapy

PHS 2019 -Alexandria

24/11/2019



24/11/2019

Lipid Nanocapsules (LNC)

Biomimetic System: to mimic the structure of a lipoprotein
4 @ < 100nm, monodisperse and stable

4 Only FDA-approved excipients

oil
| | Phospholipid e ° .- 200 nm

7 Pegylated surfactant

(Heurtault B, et al, Pharm. Res., 2002)
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Cancer immunology and
immunotherapy. Realizing the promise

According to the National Cancer Institute
definition, immunotherapy is any ‘treatment
to boost or restore the ability of the immune
system to fight cancer, infections, and other

diseases’
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Myeloid-Derived Suppressor Cells in cancer

(&\ Bone marrow
N, .
IL-6 A - @ e Peripheral lymphoid organs

IL-1B, 14,13  Others... MDSCs

_a_

Two main MDSC populations have been characterized:
monocytic M-MDSCs and polymorphonuclear PMN-MDSCs

Az =
%

[ m-vpscs | [ pmn-mscs | .
g g T cells,

: antigen-specifi NK cells
TAM Induce: antigen-specific T cell

tolerance Tumor cell
g @ killing
* Non specific immunosuppression O
* Production of cytokines and soluble factors that @ :

support tumor angiogenesis
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Gabrilovich D, et al, Nature Review 2012

LNC uptake by immune cells in EG7-
bearing mice

Tumor
Xenografted
(EG7)
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GemC12-loaded lipid nanocapsules (GemC12-LNC)

=>»Synthesis of Gemcitabine derivative:
4-(N)-lauroyl gemcitabine (Gem C12)

Conductivity

Temperature

Moysan E, et al, Soft Mater., 2014

Reduction of M-MDSC by GemC12-LNC

Gem Dose 11 mg/kg
. o veaied B CemC12ANGs IV
£ GemC12:LNCs SC =3 GemHCI IV
A

Tumor
Xenografted
(EG7)

= of cotm W e NuTToE
- X

SCinjection of GemC12-LNC (11 mg/kg) enhanced M-MDSC reduction as

compared with IV injection
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In vivo Antitumor activity: the
effect of a combined therapy

Phase I:
Preconditioning

Revert immunosuppression

H ¥ >
9 g =
BT ﬁ GemC12- - S
& ¥ V.
% ﬁ- loaded LNC, %\d’:
ﬁ i et SC route Fragmentation ) 3 - oone
ﬁ of tumor mass ahior a

1 . 3 Adoptive

0 0 % - Tcell
ﬂ N 1 - Tranfer
(ACT)
Myeloid uﬁ.‘.‘.’.'._‘ X ; *! Infusion into
Derived | patient
Suppressor \/— l "1 (U |
Cell ’
Activation and Expansion of tumor-
L selection of T specific T cell populatlons

cells et g P
Restifo, et al, Nature Reviews Immunology, 2012

Antitumor activity of Gem-C12 LNC
combined with ACT: EG7-OVA tumor

‘ Schedule ‘ Preconditioning + ACT
o «
Dose 11 mg/kg Gemcitabine % GemC12-LNC or OVA-Specific T
" any treatment cells
y 4 | // l l
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. Cell Transfer (ACT)
N EEEELEREE efficacy
Oy Sasso S, et al, Biomaterials, 2016
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EPR-positive tumors

Stealth nanosystems will work nicely

EPR-negative tumors

* New nanomedicines, new strategies and
new routes of administration to induce
new antitumoral activity profile
— Chemotherapy
— Radiotherapy
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188Re-LNC for in situ radiotherapy
Local administration

9L glioma cell 8 )
injection grays
DO DS ]|Z)6 D9 Dllz D19 D120
Model :
Induttion ' MRI | MRI MRI ~ MRI
! Tumoral growth

follow-up

SURVIVAL CURVES

A
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% of survival

188Re-LNC for in situ radiotherapy

—@— saline solution (n=6)
—e— blank LNCs (n=6)

«--4--- 188Re-perrhenate (n=6; 2x8Gy)

—=— LNC188Re-SSS (n=6; 2x8Gy)

—=#= external beam radiotherapy (n=6; 2x8Gy)
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Nanovectorized
radiotherapy

40 60 80 100
Days following 9L cell implantation

Median of survival:

- Controls: 28 days
- Ext. beam radiotherapy: 33.5 days
- Nano. radiotherapy : >120 days

120 MRI follow-up

- Tumor eradication and increase in
median survival time of 257% /
External Beam Radiotherapy

- Mechanism: Direct irradiation +
Induction of an adaptative immune
response

Vanpouille-Box, et al, Biomaterials, 2011

Conclusion: contribution of
nanomedicines to Oncology

* EPR-positive tumors: +++ if stealth

nanosystems

* EPR-negative tumors:

— Design of nanocarriers having new properties (i.e.
interaction with specific immune subsets,...)

— Exploring other routes of administration to reveal
new biodistribution profiles
— Setting new paradigms: nano-immunotherapy, in

situ radiotherapy,...
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i Marie-Claire Venier, Guillaume Bastiat, Elodie Vloysan, Marion Pitorre, Claire

\MiN) Vanpouille

In collaboration with Prof V. Bronte (Univ.Verona), Dr G. Lollo (Univ. Lyon)
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Radioactive LNC for in situ radiotherapy
188Re-SSS + thermical shock
Conductivit Phase ifersion
_Rhenium-188 Y zone
o/w w/o
- 188\\//188Re generator =
- High B~ energy (2,12 MeV) i .
- Low y emission (155 keV) W\
Short half-life (17h)
T
=Y
L] =
188Re-SSS
Collaboration : Pr. N Noiret, Pr. E Garin (Rennes) PHS 2019 -Alexandria
Mévellec, et al, Inorg Chem. 2002
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