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Disclosures |_

e Molmed S.p.A:

— Hospitalities; co-investigator on protocol that evaluates
Zalmoxis™ in the context of haplo-identical
hematopoietic cell transplantation

e Sanofi / Genzyme

— Consultancy; honorarium; hospitalities; research
support
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Setting the stage




Gene Therapy Medicinal Products |_

 Autologous or allogeneic T lymphocytes
e Gene modified ....
— retrovirus, lentivirus, non viral vector ...

e ...to express a Chimeric Antigen Receptor (CAR)

— targeting an antigen expressed at the membrane of
tumour cells

— and possibly at the surface of some normal cells
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1% génération 2¢me génération 3&me génération (TRUCK)
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scfv (antigéne de reconnaissance)

Ectodomain
région d'ancrage® {spacer domain)
) Domaine transmembranaire
Membrane cellulaire Ligand co-stimulante
Molécules de co-stimulation™®
Endodomain

Molécule de stimulation®

Abbreviation: scFv: single chain variable fragment ; *généralement dérivé de IgG4 ou CD8 ; **Généralement CD28 ou 4-1BB ; T présents sur la
troisieme génération des CARs ; fgénéralement CD3¢.

Yakoub-Agha et al, Bull Cancer, 2017, in press
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JAMA ONCOLOGY PATIENT PAGE

Chimeric Antigen Receptor (CAR) T-Cell Therapy

CAR T-cell therapy uses the patient’s own immune cells to personalize cancer immunotherapy.

What Is CAR T-Cell Therapy?
CAR T-cell therapy is a cancer treatment that uses a patient's own im-
mune system cells, called T cells, after these cells have been modified
to better recognize and kill the patient's cancer. The T cells are engj-
neeredin the laboratory and then expanded to large numbers and in-
fused back intothe patient. This type of treatment transfers an immune
system into the patient that is capable of immediately killing the can-
«cer. CAR stands for chimeric antigen receptor, which represents the ge-
netically engineered portion of the Tcell. The CAR part of the T cell con-
tains proteins that allow the T cells to recognize the specific cancer cells
aswell as become highly activated to kill the cancer cells.

Once in the body, the CAR T cells can further grow tolarge num-
bers, persist for long periods oftime, and provide ongoing tumor con-
trol and possible protection against recurrence.

How Are CART Cells Made for Each Individual Patient

and Administered?

The first stepis to collect the patient’s T cells from their blood using
an outpatient procedure known as leukapheresis. These T cells are
shipped to the laboratory for modification and manufacturing. The
CAR-containing T cells are then returned for reinfusion into the pa-
tient. This process takes about 2 weeks. During the time that the cells
are being developed, the patient will typically receive specific che-
motherapy thatcan help prepare the immune system to support the
CART cells once they are given back to the patient.

Possible Adverse Effects of CAR T-Cell Therapy

CART cells are administered in the hospital, where the patient can
be monitored closely. Patients receiving CAR T-cell therapy typi-
cally develop temporarily low blood cell counts from the treat-
ment, with fatigue, risk of infection, and need for transfusion sup-
port. Some patients may also have some of their normal immune
cells, called Bcells, destroyed as bystanders of the treatment, caus-
ing a condition called B-cell aplasia. Because B cells normally make
antibodies to protect people frominfections, people with B-cell apla-
sia need to have antibodies periodically given by vein.

In addition, there are 2 significant adverse effects that can occur
after CAR T-cell therapy, both potentially serious: cytokine release syn-
drome (CRS) and neurologic complications. Patients with CRS typi-
cally develop afever, rash, headache, and changes in blood pressure.
The symptoms of neurclogic toxic effectsrange from headaches to con-
fusion, delirium, and seizures. Though the onset of the symptoms can
occur within minutes or hours, they can be seen days to weeks later.
The adverse effects are usually reversible, but rare cases of long-term
symptoms have been noted. The possible long-term adverse effects
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ric Antigen Recaptor (CAR) T-Cell Therapy

are collected

may include cardiac dysfunction, bleeding, and kidney and/or liver fail-
ure. The management of severe CRS or neurotoxic effects may in-
volve the use of spedific drugs to reverse these symptoms.

Current Role

CART-cell therapy has received preliminary approval for treatment
of children and young adults with a specific form of leukemia that
has not been cured with initial chemotherapy treatment. Itis being
studied in many other cancer treatment settings and may become
more widely used based on the results of ongoing clinical research.

For More Information

» https:/fwww.cancer.gov/about-cancer/treatment
Jfresearchfcar-t-cells

= https:fwww:lls.org/treatment/types-of-treatment
Jfimmunotherapy/chimeric-antigen-receptor-car-t-cell-therapy

The JAMA Oncology Patient Page bs a public service of 1AMA Oncology. The
Information and recommeandations appearing on this page are appropriate In most
Instances, but they are not a substitute for medical diagnosis. For spedfic information
concerming your personal medical condition, J4MA Oncology suggests that you

consult your physiclan. This page may be photocopled noncommercially by physiclans
and other health care professionals to share with patients. To purchase bulk reprints,
call (312) 464-0776.
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Kymriah™ and Yescarta™ are the first-of-their kind CAR-T I_
Cell therapies to obtain a marketing authorization from the
Food & Drug Administration (FDA)

« Both medicinal products are autologous CAR-T
cells targeting CD19

* Indications are different:
— ALL, below age 25 for Kymriah™
— Poor-prognosis B cell NHL for Yescarta™

« Both medicinal products are valued at high
prices:
— US$ 475,000 for Kymriah™

_I — US$ 377,000 for Yescarta™
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Achievements and pitfalls




Achievements : CAR-T cells targeting CD19 have shown I_
clinical efficacy for a variety of lymphoid malignancies

 Acute Lymphoblastic Leukemia (ALL)

« Advanced B-cell non-Hodgkin’s lymphoma (NHL)
e« Chronic Lymphocytic Leukemia (CLL)

e Multiple Myeloma




Achievements : CAR-T cells targeting BCMA have shown I_
clinical efficacy in patients with multiple myeloma

« Smaller groups of patients

e Suggest however that the risk benefit-ratio varies
depending on the target and construct
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Novel immunotherapies in lymphoid
malignancies

Table 1 | Clinical efficacy of second generation CAR-T-czll therapy
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Hurdles : CAR-T cells targeting CD19 can trigger |_
severe side-effects

 Cytokine Release Syndrome (CRS)

e CAR-T-cell-related encephalopathy syndrome
(CRES)

 Request atight organization for prompt

diagnosis and management REV|EWS

‘Chimeric antigen receptor
T-cell therapy — assessment
and management of toxicities

Sattva S. Neelapu', Sudhakar Tummala®, Partow Kebriaei®, William Wierda®,

- (1 CAMeR! CRCM Aix: Marseille S Iq I c MARGEILLE Cristina Gutierrez®, Frederick L. Locke®, Krishna V. Komanduri®, Yi Lin®, Nitin Jain®,
- ey Sy 3 universite %‘ Naval Daver*, Jason Westin', Alison M. Gulbis®, Monica E. Loghin®, John F. de Groot?,
e - i RO Sherry Adkins', Suzanne E. Davis', Katayoun Rezvani, Patrick Hwu'®,

Clizabhoath | Chrall3



Hurdles: implementing new organizations to deliver |_
hematopoietic cellular therapies

 Public — private partnership or innovative hospital —
industry partnership to produce CAR-T Cells

o Partnership between cell processing facilities and
hospital pharmacies for the delivery and
administration of CAR-T Cells

 Tight collaboration between hematologists and
intensive care practitioners to allow for early
diagnosis and immediate management of
complications
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Hurdles: can CAR-Cell therapies be effective in |_
oncology, beyond CD19+ hematological malignancies

 Other hematological malignancies:
— AML, MDS
— others

e Solid tumors

— Target antigens expressed on epithelial cells
« Off-target effects

— Accessibility of tumor sites to CAR-T Cells

L (Al SIRIC %S
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Hurdles: overcoming financial toxicities |_

e CAR-T Cells impersonate personalized medicine

« Are CAR-T Cells production and delivery
financially sustainable in the context of industrial
and centralized manufacturing organizations?

— Alternative: “point-of-care” (POC) production?

 Need for new payment models ?
— "Pay-per-cure” ?
— Pricing commensurate with savings in other health

_I expenditures ?
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Will CAR-T Cells represent one
of the first commercial

successes of a cellular therapy /
an ATMP ?




Medicinal products that qualify as ATMPs, and have
received marketing authorization from EMA or FDA

Filing
2007 ChondroCelect Tigenix Cartilage defects of the knee
Contusugene Introgene Carcinoma of the head and neck
2009 Cerepro Ark Ther. Glioma
2010 Glybera UniQure Lipoprotein lipase deficiency
Caomecs/OraNera CellSeed Limbal stem cell deficiency

2011 MACI Vericel Cartilage defects of the knee
Provenge Dendreon Prostate Cancer
Holoclar Chiesi Limbal stem cell deficiency

2013 Heparesc Cytonet Urea cycle disorders

2014 MolMed High risk haematological malignancies
Imlygic Amgen Unresectable melanoma
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Relapsed or refractory ALL

Relapsed or refractory NHL
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What's going on in Europe ?




Europe is lagging behind north-America and Asia in
terms of preclinical and clinical activity in the field |_

EMEO

fign

Review Molecular Medicine

Clinical development of CAR T cells—challenges
and opportunities in translating innovative
treatment concepts

Jessica Hartmann®" (5, Martina SchiiBler- Lenz*_ Attilio Bondanza* & Christian | Buchholz>3" 3

Figure 2. CAR T cell trials ower time and geogra phical distribution.
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2nd CTIWP
Scientific Symposium

SAVETHE

DATE! January 18th-20th 2018

Corpus Congress Centre
Leiden, Netherlands

Local and CTIWP organizing committee:
Gerard Bos, Lotte Wieten, Fred Falkenburg, Jirgen Kubal, Chiara Bonini and Christian Chabannon.
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