Chimeric Antigen Receptor T-cells
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Tisagenlecleucel (KYMRIAH, Novartis, Basel, Switzerland), a synthetic
bioimmune product of anti-CD19 chimeric antigen receptor - T cells (CAR-T),

approved by FDA and EMA, for the treatment of children and young
adults with relapsed/refractory B-cell acute lymphoblastic
\Ieukemia (B-ALL). Y,

ﬂxicabtagene ciloleucel (YESCARTA®, Kite Pharma, a Gilead Compan%

and tisagenlecleucel (KYMRIAH®, Novartis Pharmaceuticals Corp.) are
two CD19-directed chimeric antigen receptor T cell (CD19 CAR T) products
that are currently approved by the U.S. Food and Drug Administration, the
European Medicines Agency, Health Canada, Ministry of Health, Labor and

Welfare (Japan) and Therapeutic Goods Administration (Australia) for
treatment of specific subtypes of relapsed/ refractory aggressive

Q cell non-Hodgkin lymphoma (NHL). /




Role of the Immune System in Cancer Control/Eradication

Two distinct forms of immunity
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Murphy KM, Weaver C, Mowat A, et al. Janeways Immunobiology. 9th ed. Garland Science, Taylor & Francis Group; 2017

T cells are central players in

adaptive immunity

Active surveillance of pathogens

Elimination of infected cells




T Cell Activation

T cell activation requires two signals!?

Recognition

@ Activation(Signal 1): TCR binds to
MHC:antigen

» Co-stimulation (Signal 2): Co-
stimulatory molecule binds to its
Naive T cell IIgand on APC

Costimulation

Signal 1 and 2 together lead to

@\Q@Q e - — T cell activation

— T cell expansion and
S e differentiation

into effector cells

APC=antigen presenting cell; MHC=major histocompatibility complex; TCR=T cell receptor.

Abbas A, et al (ed). Basic Immunology (fourth edition). 2014. Elsevier Saunders 2. Murphy KM, Weaver C,
Mowat A, et al. Janeways Immunobiology. 9th ed. Garland Science, Taylor & Francis Group; 2017



Activated T Cell Subset: Effector CD8 CTLs

cytotoxic T cell
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virus-infected cell

CTLs induce apoptosis through multiple mechanisms, including release of
cytotoxic granules containing perforin and granzyme B

CTLs are selective serial killers of targets expressing a specific antigen

CTL, cytotoxic T lymphocyte; MHC=major histocompatibility complex; TCR, T cell receptor

Murphy KM, Weaver C, Mowat A, et al. Janeways Immunobiology. 9th ed. Garland Science, Taylor &
Francis Group; 2017



CD19 is a Widely Expressed Antigen in B-lineage Cells
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B-cell precursors Mature B cells
" in bone marrow in the periphery
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* (CD19is present almost throughout the entire B cell maturation process

e (CD19is present in most B cell leukemias and lymphomas but not in any normal
tissue other than the B cell lineage



Mechanism of action of CTL01

* Gene transfer technology is used to
stably express CARs on T cells,
conferring novel antigen
specificity 2

-
A
>

* CTLO19 therapy takes advantage of
the cytotoxic potential of T cells,
thereby killing tumor cells in an
antigen-dependent manner'?

* Persistent CTLO19 cells consist of
both effector (cytotoxic) and central
memory T cells?®

1. Milone MC, et al. Mol Ther. 2008;17:1453-1484; 2. Hollyman D, et al. J Immunother.
2008;32:168-180; 3. Kalos M, et al. Sci Trans! Med. 2011.3:85ra73.




Chimeric antigen receptor (CAR) T cell therapy is a class of
immunotherapy that involves engineering patient’s own immune
cells with a goal oft2;

Tumor cell

Recognizing tumor cells

Signaling through the CAR intracellular domains

Activating and proliferating CAR T cells

Signals 1 and 2

scFV=single chain variable fragment.

1. June CH, Sadelain M. N Engl ] Med. 2018,379(1):64-73
2. 2.lee DW, et al. Clin Cancer Res. 2012;18:2780-2790.
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B cell Acute Lymphoblastic Leukemia



Treatment pathway

Philadelphia chromosome -ve ALL

Newly diagnosed ALL patient

j

First-line chematherapy

Clinical advice to ERG: Primary
refractory patients <18 treated
using NOPHO protocol
Current treatment effective 2

patients less likely to be
offered Tis-T

Clinical advice to
company and ERG:

Long-term remission 1% relapse

L

Patients <18 years of age: ALLR3 protacol {induction,
consolidation, intnnsiﬁcatipn:l
Patients >18 years of age: blinatumomab

Patients <18 also —
offered
blinatumomab
ALL B3 Maintenance
chemotherapy (<18 yrs)

.ais‘amgeﬂlemnﬂlnm Tisagenlecleucel

Tisagenlecleucel

Allo-SCT, allogenic stem cell transplant; NOPHO Nordic Society of Paediatric Haematology and Oncology



Fhe NEW ENGLAND JOURNAL of MEDICINI

“ ORIGINAL ARTICLE

Tisagenlecleucel in Children and Young
Adults with B-Cell Lymphoblastic Leukemia
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METHODS

We conducted a phase 2, single-cohort, 25-center, global study of tisagenlecleucel

in pediatric and young adult patients with CD19+ relapsed or refractory B-cell ALL.

The primary end point was the overall remission rate (the rate of complete remission
or complete remission with incomplete hematologic recovery) within 3 months.




ELIANA Study Design

* Inclusion: * Primary endpoint: Overall
— r/r B-cell ALL, aged 3-21 years? remission rate
— Bone marrow with 2 5% lymphoblasts (CR + CRI) within 3 months
e Exclusion: — IRC assessment4-week maintenance
— Isolated extra-medullary disease of remission
relapse
—  Prior CD19-directed or gene therapy « Secondary endpoints

— MRD status, DOR, OS, EFS, cellular
kinetics, safety

Study Treatment

* Lymphodepleting chemotherapy prior to infusion
— Fludarabine 30 mg/m? IV daily for 4 doses
— Cyclophosphamide 500 mg/m?2 IV daily for 2 doses

* Tisagenlecleucel dose range (single infusion)

— 0.2t0 5.0 x 106 cells/kg for patients < 50 kg
— 0.1to 2.5 x 108 cells for patients > 50 kg

@ Age of 3 years at the time of screening to age of 21 years at time of initial diagnosis.
CR, complete response; CRi, CR with incomplete blood count recovery; DOR, duration of response; IRC, Independent Review Committee;
13MRD, minimal residual disease; OS, overall survival; r/r B-ALL, relapsed or refractory B-cell acute lymphoblastic leukemia.



Patients
(N =T75)
Age, median (range), years 11(3-23)
Male, n (96) 43 (57)
Prior stermn cell transplant, n (%) 46 (B1)
Previous line of therapies, median (range), n 3 (1-8}
Disease status, n (%)

Primary refractory & (2]
Chemo-refractory or relapsed 69 (52)
Morphologic blast count in bone marrow, median (range), % 74 (5-99)

CNS status classification, n (%)*
CNS-1 B3 (84)
CN5-2 10 (13}
CHS-3 1(1)
Unknown 1{1})
High-risk penomic lesions, n (%) 28 (37)
Down syndrome, n (%) 6 (8)

CNS, central nervous system.

* The most current assessment on or prior to the date of enrollment. ' BCR-ABL1, MLL rearrangement,

hypoploidy, lesions associated with BCR-ABLI-like gene signature, or complex karyotype (=5 unrelated
abnormalities).



High Response Rate;
Median Duration of Remission Not Reached
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Time (months)
Number of patients still at risk

All patienté5 60 49 41 37 31 25 25 24 21 17 13 3 2 2 O

Overall remission rate (CR + CRi)
within 3 months was 82% (65/79;
95% ClI, 72-90)a.b

— 98% (64/65) achieved MRD(-)¢
bone marrow

* Relapse-free survival rate among
responders

— 12-month: 66% (95% ClI, 52-
77)

— 18-month: 66% (95% ClI, 52-
77)

— 24-month: 62% (95% ClI, 47-
75)



Median Overall Survival Not Reached

o * Overall survival rates among
E\?O' all infused patients
%60' - — 12-month: 76% (95% Cl,
N 65-85)
£ — 18-month: 70% (95% CI,
" 20- 58-79)
_ — 24-month: 66% (95% Cl,
e 4 e s tomteterer0sazare 78303054 54-76)

Number of patients still at risk Time (months)

All patienty9 76 73 68 67 62 55 52 47 42 39 26 21 14 9 5 2 0
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. Where and when should patients be referred for CAR-T in B-
cell acute lymphoblastic leukemia?

. Is the sequence of CAR-T therapy with blinatumomab and/or
inotuzumab important?

. What is the optimal strategy to manage bridging
chemotherapy and administer lymphodepleting
chemotherapy between T-cell collection and infusion of CAR-
T?

. Are CAR-T a bridging therapy to allo-HCT or sufficient alone
as definitive relapse therapy?

. What are the late effects of CAR-T therapy?



B-Cell Non Hodgkin Lymphomas



What does AutoSCT achieve in r/r DLBCL in the rituximab era™?

100
Relapsed or Refractory DLBCL

N

50 50
Transplant-Ineligible Transplant Eligible

l

25
Respond to
Salvage Therapy
and ASCT

|
!

10
Patients Cured

* Estimates bated on Glsselbrecht et &l J O Ones' 2000 28:27:4184-4190.
® Aaspimes &l patients recEived rituximab & part of primany therapy.

Outcomes in refractory large B cell ymphoma with traditional standard of care
are extremely poor

The SCHOLAR-1 analysis demonstrated an ORR of 26%, a CR rate of 7%, and a
median OS of 6.3 months in this patient population



ZUMA-1 study
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METHODS
In this multicenter, phase 2 trial, we enrolled 111 patients with diffuse large B-cell
lymphoma, primary mediastinal B-cell lymphoma, or transformed follicular lympho-

rotrerd e . - Siomeri NP o
tients received a target dose of 2x10° anti-CD19 CAR T cells per kilogram of body
weight after recewmg a conditioning regimen of luw-duse cycluphﬂsphamlde and

ludarabine, The p rv end point was the rate of objecti pDHSE(CHlCUlatE'dEIS
I et overa IT'4-"-III s C =
Patients with Patients with

Variable DLBCL PMBCL or TFL All Patients
Refractory subgroup at study entry — no. (%)
Primary refractory 2 (3) 0 2 (2)
Refractory to second-line or subsequent 59 (77) 19 (79) 78 (77)

therapy
Relapse after autologous stem-cell trans- 16 (21) 5 (21) 21 (21)

plantation




ZUMA-1 Treatment Schema

Axi-Cel
Infusion

First Tumor
Assessment

Conditioning
Chemotherapy

Screening

Leukapheresis

Manufacturing Day 0 Day 7 Day 28

Follow-Up Period
(Post-Treatment Assessment
and Long-Term Follow-Up)

Hospitalization
Period

* Bridging chemotherapy was not allowed per study protocol

23



ZUMA-1 Results

objective response rate 82%

complete response rate 54%

With a median follow-up of 15.4 months:

42% of the patients continued to have a response, with 40% continuing to have a
complete response. The overall rate of survival at 18 months was 52%.
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JULIET Study

The NEW ENGLAND JOURNAL of MEDICINE

N ENGLJ MED 380;1 NEJM.ORG JANUARY 3, 2019

ORIGINAL ARTICLE

\’N Tlsagenlecleucel in Adult Relapsed
or Refractory Diftuse Large B-Cell Lymphoma
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Edmund K. Waller, M.D., Ph.D., Peter Borchmann, M.D., Joseph P. McGuirk, D.O.,
Ulrich Jdger, M.D., Samantha Jaglowski, M.D., Charalambos Andreadis, M.D.,
Jason R. Westin, M.D., Isabelle Fleury, M.D., Veronika Bachanova, M.D., Ph.D.,
S. Ronan Foley, M.D., P. Joy Ho, M.B., B.S., D.Phil., Stephan Mielke, M.D.,
John M. Magenau, M.D., Harald Holte, M.D., Ph.D., Serafino Pantano, Ph.D.,
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Gilles Salles, M.D., Ph.D., and Richard T. Maziarz, M.D., for the JULIET Investigators*



JULIET Study

N ENGLJ MED 380;1 NEJM.ORG JANUARY 3, 2019

METHODS
We conducted an international, phase 2, pivotal study of centrally manufactured tisa-

genlecleucel involving adult patients with relapsed or refractory diffuse large B-cell
lymphoma who were ineligible for or had disease progression after autologous he-
matopoietic stem-cell transplantation. The primary end point was the best overall
TeSpOISe rate (1.e., the percentage of patients who nad a complete or partidl respomnse),
as judged by an independent review committee.

RESULTS
A total of 93 patients received an infusion and were included in the evaluation of ef-
ficacy. The median time from infusion to data cutoft was 14 months (range, 0.1 to 26).

The best overall response rate was 52% (95% confidence interval, 41 to 62); 40% of
the patients had complete responses, and 12% had partial responses. Response rates
were consistent across prognostic subgroups. At 12 months after the initial response,
the rate of relapse-free survival was estimated to be 65% (79% among patients with
a complete response). The most common grade 3 or 4 adverse events of special inter-




B Progression-free Survival
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Prog ression-free

No. at Risk
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complete
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1.0 .
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/Tisagenlecleucel (KYMRIAH, Novartis, Basel, Switzerland), a synthetic )
bioimmune product of anti-CD19 chimeric antigen receptor - T cells (CAR-T),

approved by FDA and EMA, for the treatment of children and young

adults with relapsed/refractory B-cell acute lymphoblastic
leukemia (B-ALL).

N (B-AL Y,

ﬂxicabtagene ciloleucel (YESCARTA®, Kite Pharma, a Gilead Companh

and tisagenlecleucel (KYMRIAH®, Novartis Pharmaceuticals Corp.) are
two CD19-directed chimeric antigen receptor T cell (CD19 CAR T) products
that are currently approved by the U.S. Food and Drug Administration, the
European Medicines Agency, Health Canada, Ministry of Health, Labor and

Welfare (Japan) and Therapeutic Goods Administration (Australia) for
treatment of specific subtypes of relapsed/ refractory aggressive

Q cell non-Hodgkin lymphoma (NHL). /

Another CAR T-cell product, liso-cel (JCARO17) is currently being studied in
clinical trials with promising efficacy.




THE PROMISE AND PRICE
OF CELLULAR THERAPIES

A revolutionary class of

‘living drugs’ now promises to cure
once incurable cancers.

But can we afford them?

In CAR T-therapy a patient’s own
immune cells are genetically
engineered to recognize and
attack cancer.

Siddhartha Mukherjee, MD
THE NEW YORKER
JULY 22, 2019



CD19-directed CAR T cells gain traction

www.thelancet.com/oncology Vol 20 January 2019

“..It is also important to keep in mind that available anti-CD19 CAR T-cell
products are only the beginnings of progress in this field and that, together

with the addition of B-cell targets other than CD19, CAR T cells will be
amenable to modulation of their function to improve efficacy and enhance
safety.

The current status of CD19-directed CAR T-cell therapies brings to mind a
guote from the late Carroll Shelby, an innovative American automotive

designer, who said, “I’'ve always been asked, ‘what is my favorite car?’, and

1244

I’ve always said ‘the next one.



Patients

Response Rates (N =75)
Primary endpoint
ORR (CR + CRi) within 3 months, n (%)* 61 (81)

95% Cl, % 7110 89
BOR, n (%)

CR 45 (60)

CRi 16 (21)
No response 6 (8)
Unknown" 8 (11)

N Engl ] Med 2018;378:439-48.
DOI: 10.1056/NE]JMoal709866




DISCUSSION

In this global, multicenter, pivotal study of CAR

T-cell therapy, high response rates were shown
in children and young adults with relapsed or
refractory B-cell ALL, 61% of whom had had a
relapse after allogeneic hematopoietic stem-cell
transplantation. Effective distribution of tisagen-

lecleucel across four continents with the use of
a global supply chain was shown to be feasible
and resulted in efficacy and safety similar to
those observed in the previous, single-center
study.’




DISCUSSION

This updated analysis showed an overall re-
mission rate of 81% among 75 patients with at
least 3 months of follow-up after a single infu-
sion of tisagenlecleucel. The remissions were du-
rable, with a 6-month relapse-free survival rate
of 80%. The durability of the clinical response
was associated with persistence of tisagenlecleu-
cel in peripheral blood and with persistent B-cell

aplasia.




Abstract

On August 30, 2017, the U.S. Food and Drug Administration (US-FDA) approved tisagenlecleucel
(KYMRIAH. Novartis, Basel, Switzerland), a synthetic bioimmune product of anti-CD19 chimeric
antigen receptor - T cells (CAR-T), for the treatment of children and young adults with

relapsed/refractory B-cell acute Iymphoblastic leukemia (B-ALL). With this new era of personalized
cancer immunotherapy, multiple challenges are present ranging from implementation of a CAR-T

program to safe delivery of the drug. long-term toxicity monitoring and disease assessments. To

—

address these issues, experts representing the American Society for Blood and Marrow Transplant
(ASBMT). the European Group for Blood and Marrow Transplantation (EBMT). the International
Society of Cell and Gene Therapy (ISCT). and the Foundation for the Accreditation of Cellular
Therapy (FACT). formed a global CAR-T task force to identify and address key questions pertinent
for hematologists and transplant physicians regarding the clinical use of anti€D19 CAR-T therapy in
patients with B-ALL. This article presents an initial roadmap for navigating common clinical practice
scenarios that will become more prevalent now that the first.comumercially available CAR-T product

for B-ALL has been approved.



Outcomes in refractory diffuse large B-cell lymphoma: results from the
international SCHOLAR-1 study

Michagl Crump,’ Sattva S NC—EIapu.E Umar F-Elr|:|-|:||:|.3 Eric Van Den Neste,* John Kuruvilla,! Jason Westin,® Brian K. Link,*
Annette Hay,"! Jameas R. Cerhan ® Liting Zhu,! Sami Boussetta,? Lal Feng,® Matthew J. Maurer,® Lynn Mavale ®
Jefl Wiezorek.® William Y. Go.* and Christian Gisselbrecht®

'Canadan Cancer Trials Group. Queen's Unlversity, Kingston, ON. Canada; “Division of Cancer Madicine, Degartment ol Lymghoma and Myeloma, The
University of Texas MD Anderson Cancer Center, Houston, TX; *Division of Hemakolagy, Oncology, and Blood and Marrow Transplantation, Department of
Internal Medicing, Linivarsity of lowa. kowa City, 1&; *Lymphoma Academic Research Organization, Pierre-Benite, France; "Department of Hashh Scences
Research, Mayo Clivic, Rochester, MN; and "Kite Phama, Santa Monica, CA

Search criteria for refractory DLBCL in SCHOLAR-1

First-line 4x R-CHOP PD or SD

Second-line Salvage Refractory
Helapse, or later-line  chemotherapy SE OhET %ngé.

Relapse

ASCT

PR or CR <12 months

BLOOD. 13 OCTOBER 2017 - VOLUME 130, NUMBER 16



Outcomes in refractory large B cell ymphoma with traditional standard of care
are extremely poor!

The SCHOLAR-1 analysis demonstrated an ORR of 26%, a CR rate of 7%, and a
median OS of 6.3 months in this patient population

A (A) overall population B (B) refractory subgroups
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