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FDA News Release

CAR-T ceIIs fI‘OI311 bench to bedside

FDA approval brings first gene therapy to the
United States

CAR T-cell therapy approved to treat certain children and young adults with B-cell acute
lymphoblastic leukemia

Q, Breakthrough of*the Year

,fancer i © oo piaes ey
mmunothera py
' T cells on the attack Approved: August 22, 2018

FDA News Release

FDA approves CAR-T cell therapy to treat adults
with certain types of large B-cell ymphoma

Yescarta is the second gene therapy product approved in the U.S.

October 18, 2017 -

G EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

Approved: August 23, 2018



CAR-T cells for heme tumors

I Ongoing trials
Non-active trials
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Adapted from Hartmann J., EMBO Mol Med, 2017

Innovative Immunotherapies Unit



CAR-T cells against CD44v6

Cytotoxicity mediated by CD44v6-CART cells

Hyaluronic acid, osteopontin, a,b;, homotypic?

CTR.CAR ——— CD44v6.CAR
-MSC + MSC o ——,
CD44s CD44v6 s e
Keratinocytes § 0%
Monocytes 5 06 353 ;z“
Epithelial cancers g 04 o0
Blood cancers £ oo
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0.0 L2
CD44v6 - + +
MSC - +
Cancer-stem cell antigen? Casucci, Blood 2013
CD44v6 correlates with AML prognosis (Legras, Blood 1998) Casucg, Frontiers in Imm. 2017
CD44v6 correlates with MM prognosis (Liebisch, Blood 2005) Norelli, Nat. Med. 2018

CD44 mAb eradicates LSCs (Jin et al, Nat Med 2006)
CD44 7~ HSC resist leukemogenesis (Krause, Nat Med 2006)




A phase I/IIa clinical trial of anti-CD44v6
CAR-TK cells (EURE-CART)

W_ HSV-TK mut2 W CAR CD44v6AN W_

/ \

TK suicide gene CD44v6 CAR
Reversal of skin toxicity Antitumor effects in AML and MM
Selection and in vivo tracking
of CAR T cells by anti-ALNGFR mAb

Participating centers:

San Raffaele, Milano (A Bondanza, C Bonini F Ciceri)
Wurzburg University (H Einsele)

Ospedale Pediatrico Bambino Gesu, Roma (F Locatelli)
Sant Pau Hospital, Barcelona (J Sierra)

University Hospital Ostrava (R Hajek)

CAR T manufacturing: Molmed Spa

Clinical trial management: Frechen
Project management: ARTTIC, Paris

Funding H2020 EURE-CART

Clinical trial started in 2019



CAR-T cell theranv “'challenaes”
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CAR-T cell safety concerns
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Casucci M. et al, Cancer Immunol Immunother, 2015



Kinetics of AEs associated with CAR T cell therapy

CRS coincides with maximal T cell expansion
CRS may occur within minutes but more typically within days

[Median onset, Day 2 Median resolution, Day 9
k= ’
® CRS: median duration
383 is 7 days
=9
x <L
<o , ] , !
SE= Neurological events: median duration
is 13 days
0 | 7 14 | 21 28
CART cell | Days after infusion |
infusion Median onset, Day 5 Median resolution, Day 18

Neurological events are generally reversible in most patients; cases
of long-term symptoms are rare

1. Lee DW, et al. Blood 2014; 124:188-195. 2. Yescarta SmPC (May 2019; available at www.ema.europa.eu).



Cytokine Release Syndrome

Clinical syndrome resulting from generalized immune activation

Median onset: 2 days after CART cells infusion.

CRS incidence and severity varies according to:

e CAR construct

- earlier onset with CD28 than 41BB costimulation
e CAR-T cell manufacturing
e Diagnosis

e Eligibility criteria

Observed with:
o CD19

o CD22

o BCMA CARs



Efficacy and toxicity of CAR-

CD19 for DLBCL

TRIAL Zuma-1 Juliet Transcend full bb2121 in MM
Product Axi-cel CTL19 JCARO17 b2121

OR% 82 52 80 85

CR% 54 40 59 45

CRS% 93 58 39 76

Grade 3+ CRS% 13 22 1 6

NT% 64 21 25 42

Grade 3+ NT% 28 12 15 3




CAR T cell number

Kinetic of CAR T cell expansion and persistence

4-1BB CD28

CAR T cell number

Time ~6—12 months Time ~1-2 months

Davis KL & Mackall CL. Blood Adv 2016; 1:265-269.



CRS is an inflammatory response caused by
overactivation of immune-effector cells

Increasing severity —p-
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CRS initiating cascade

Mouse setting

Neurotoxicity
Cytokine release
syndrome
Tumor cell \/ 4
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Ronney C. and Sauer T., Nat Med, 2018



CRS pathophysiology

Massive systemic inflammatory cytokine release by both infused T cells
and bystander immune cells (Monocytes/macrophages)

CRS is associated with factors inducing increased CAR-T cell activation and
expansion

- High disease burden

- High CAR-T cell dose
- Addition of fludarabine to cyclophosphamide lymphodepletion



CRS pathophysiology

- IL-1 preceeding IL-6 and NO production
- Vasodilatation and hypotension
- Endothelial activation = release of VWF and Angiopoietin 2

- Hemodynamic instability
Capillary leak
Consumptive coagulopathy



The cytokine release syndrome

Signs and symptoms

A Grade 0 CRS
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Hay AK, Blood, 2017

« Fever (first hallmark)
- earlier in CD28 rather than 41-BB CARs (1-2 weeks delay)
- 1-2 days when most severe CRS occurs

« Myalgias

« Fatigue

- CRS resolution typically by 2 to 3 weeks



The cytokine release syndrome

Gl Skin Respiratory  §

g e Nausea/vomitin e Tachypnea L
Constitutional ; g e Rash yp JU
e Fever * rigors * Diarrhea * Hypoxia
o Malaise/fatigue * Anorexia « Pulmonary edema
e Myalgias
e Arthralgias
e Headache — CRS symptoms Coagulation

> | « Elevated D-dimer

/ \ » Hypofibrinogenemia + bleeding

Cardiovascular Uik ;
: Q;) Hepatic dysfunction
Tachycardia P ysit Renal dysfunction
Hypotension e Transaminitis
Capillary leak e Hyperbilirubinemia e Azotemia i}‘%

Widened pulse pressure
Increased cardiac output (early)
Potentially diminished cardiac output (late)

Figure | Symptoms of CRS.

Notes: CRS affects a number of organ systems. It requires fever at a minimum but is frequently associated with any of the symptoms shown. Additional manifestations may
also rarely occur.

Abbreviations: Gl, gastrointestinal; CRS, cytokine release syndrome.

Riegler et al, Therapeutics and Clinical Risk Management 2019



Cytokine Release Syndrome

Clinical markers include:

« Cytopenia

« High ferritin

« High C-reactive protein

« High IFNg, soluble IL-2R

« High IL-6, IL-10, associated with macrophage activation

—->CRS can progress to life-threatening vasodilatatory shock, capillary
leak, hypoxia and end-organ dysfunction



CRS consensus grading 2018

Table 5 2018 CRS consensus grading by Lee et al*®
Grade | | Fever* =38°C

Grade 2 | Fever* =38°C with hypotension not requiring vasopressors and/or hypoxia requiring low-flow nasal cannula or blow-by oxygen

Grade 3 | Fever® =38°C with hypotension requiring one vasopressor with or without vasopressin and/or hypoxia requiring high-flow nasal
cannula, facemask, non-rebreather mask, or Venturi mask not attributable to any other cause

Grade 4 | Fever® =38°C with hypotension requiring multiple vasopressors (excluding vasopressin) and/or hypoxia requiring positive pressure
(eg, CPAP, BiPAP, intubation, and mechanical ventilation) not attributable to any other cause

Grade 5 | Death

Notes: “Fever is defined as temperature =38°C. In patients who have CRS then receive tocilizumab or steroids, fever is no longer required to grade subsequent CRS
severity. In this case, CRS grading is driven by hypotension and/or hypoxia.
Abbreviations: CRS, cytokine release syndrome; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure.

Lee et al, BBMT 2018



CRS and NT pathogenesis

@ P ) e ©
" ® Endothelial @
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Altered blood- Increased vascular
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Inflammatory Macrophage
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216

June CH., Science, 2018

Neurotoxicity

Delirium
Aphasia

V v Seizures

Cerebral edema
Intracranial hemorrhage

Hemodynamic instability

Tachycardia
Hypotension
Capillary leak syndrome

Organ dysfunction
AST and ALT elevation
Hyperbilirubinemia
Respiratory failure




Neurotoxicity: pathogenesis

Pathogenesis less known:
Shock Acute phase

e w

« Endothelial activation and

BBB breakdown TUMOR CELL . P . I
« CART and non CART in G‘ia"gc"m"’%"
B O R IR
CSF o“a’n""% e
- Higher levels of CTK in 7 TTT IL-6
CSF than in blood > - Ll

IFN-y

IL-2

MONOCYTE/

CAR-T CELL MACROPHAGE

Modified from Norelli et al., BBA on Cancer, 2016



CRS grade 1
e Fever
¢ Organ toxicity

CRS management flow-chart

CRS grade 2

e Hypotension
¢ Hypoxia

¢ Organ toxicity

e Monitor fluid status, maintenance of IVF
e Empiric treatment for bacterial infection if neutropenic
e Supportive care
0 Antipyretics, analgesics
e Chest X-ray
¢ Consider tocilizumab or siltuximab for persistent fever (lasting >3 days)

CRS grade 3

¢ Hypotension
¢ Hypoxia

¢ Organ toxicity

¢ IVF bolus
o If refractory hypotension (after 2 boluses), tocilizumab or siltuximab
0 Tocilizumab (8 mg/kg 1V) can be repeated after 6 hours
o If refractory to IVF and tocilizumab start vasopressors (consider transfer to
ICU, obtain echo)
o If refractory to tocilizumab, consider dexamethasone 10 mg IV every 6 hours
¢ Supplemental oxygen as needed for hypoxia

CRS grade 4

e Hypotension
e Hypoxia

¢ Organ toxicity

¢ IVF bolus
o If refractory hypotension gives tocilizumab or siltuximab
0 Tocilizumab can be repeated after 6 hours
0 Vasopressors as needed
¢ Transfer to ICU
¢ Obtain Echo
¢ Dexamethasone 10 mg IV g6 hours, if refractory increase to 20 mg q6 hours
» Supplemental oxygen as needed for hypoxia (including high-flow O, and CPAP)

A 4

¢ Manage IVF and tocilizumab/siltuximab for hypotension, hypoxia, or organ
dysfunction per grade 3 guidelines

o Methylprednisolone 1 g IV per day

e Mechanical ventilation

Neelapu et al,

Nat Rev Clin Oncol 2018



Management of CRS and neurotox
Refractory CRS:

Corticosteriods > Together with Toci as first line therapy
In second-line therapy if CRS is refractory to toci or in case

of neurotoxicity
- Can be detrimental for CAR-T cells at high doses @ e D

Siltuximab

w IL-6R

Other compounds:

Anti-IL-6 mADb Siltuximab
Anti-IL-1R antagonist Anakinra
Anti-Janus kinase Ruxolitinib

JAKs

- Still not conclusive available data Y\

STAT3 SHP-2
\
\

MAKPs



New Perspectives

1. Modelling CART cells toxicity
(ie: Norelli et al., Nat Med 2018; Giavridis et al., Nat
Med 2019)

2. Modify CAR properties
(ie: CAR affinity modulation, Inhibitory CARs,
Dual/Tandem CARS)

3. Introduce safety switch sytem in the CAR vector



Modeling CART cell toxicity

nature., ARTICLES
medlcme https://doi.org/10.1038/541591-018-0036-4

B cell/monocyte aplasia

Clinical signs of toxicity
Toxicity biomarkers

Monocyte-derived IL-1 and IL-6 are differentially
required for cytokine-release syndrome and
neurotoxicity due to CAR T cells
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CAR-T cell safety switches
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Cell Therapy Immunomonitoring Lab organizational chart

Chief Executive Officer
(CEO)

[ Hospital J [ Scientific Research J

Division of Immunology, Transplantation
and Infectious Diseases

4 Experimental Hematology Unit )
Hematology and Bone (Head Chiara Bonini)
Marrow Transplantation Unit Cell Therapy Immunomonitoring
(Head Fabio Ciceri) [ ] L Lab y

MISSION: To monitor immune responses in clinical trials with the final aim of providing
additional information to tailor patient management and treatment



CART cells in Europe: the EBMT registry

Countries reporting CAR-T cell treated patients

Number of CAR-T cell treated patients registered in the EBMT Registry to the EBMT Registry

300 M Reporting countries

W Patients treated with
commercial CAR-T cells

271
55
220
200 51 Patients treated with
155 investigational CAR-T cells
150
40 B Number of centers
108 reporting data
100 31
77
24

July August September October November
2019 2019 2019 2019 2019

250

Number of patients

Source: EBMT Registry, November 2019 Source: EBMT Registry, November 2019
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