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History of cancer immunotherapy: December 2013

2013 Breakthrough
| Cancerimmunctherapy

I o The Runners-Up
--;‘Immunother"py e

g 'l' cells on the attack

CLARITY
Human Stem Cells from Cloning

In Vaccine Design, Looks Do Matter




Advances in Health Care
Cardiac Surpasses Cardiac Mortality
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Cancer Epidemic:
The need for curative therapies

% Survival

Time
Chemotheray
Targeted Therapy
Immunotherapy
Combination?



The Case for Immunotherapy

 Immunotherapy is a “living drug”
* Immune system can evolve to treat the tumor

¢ mmunotherapy Can cure cancers

TRADITIONAL DRUGS

Target the tumor .‘

Static attack

Help the immune system
target the tumor

Dynamic attack,

http//WWW CancerresearCh . Org/ tailored to the tumor



Hallmark of cancer:

iInduction of iImmune tolerance

Immune therapy can overcome tolerance:

Cytokine Therapy Therapeutic Vaccines

IL-2, IFN Dendritic cell vaccines
IL-7, IL-15, IL-21 DNA, RNA, Engineered tumor cells
Checkpoint , _ Toa
. ant-CLTA4  Tumor-specific T cell ——— MDSC
Therapies \
Checkpoint blockade N Chemotherapy
) Antibody-drug conjugates
Anti.PD1 m Gentuzumab ozogamicin

@ a nﬁc_PsL S—

Cell
Therapies

CAR T cells TCR T Cells
Maus MV et al. Blood. 2014:123:2625.



Using Synthetic Biology to Overcome Tolerance
Creation of Bi-specific CAR T cells

First Generation First Generation Second Generation Second Generation Second Generation
CD4 / CD8z CARs scFv CARs scFv CD28z CARs scFv BBz CARs scFv CD27z CARs
scFv ICOSz CARs
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Irving & Weiss, 1991 Kuwana, 1987 Roberts, 1995 Finney, 2003 Song, 2012
Letourneur, 1991 Eshhar, 1993 Finney, 1998 Imai, 2004 Guedan, 2014
Romeo, 1991 Maher, 2002 Milone, 2009 Duong, 2013

Carpenito, 2009

Design of CAR T Cells



CAR T Cell Breakthrough: Hype = Reality?
July 31, 2010 @ljc:chﬂorkmcs

e NEW ENGLAND
JOURNAL of MEDICINE

Porter, 2011
Grupp, 2013
Maude, 2014

Garfall. 2015 Patient Donates
’ Cells
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1st CART19 Infusion

Pediatric
Oncology

Cytokine Release
Syndrome
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T cell transfusion

Hematologic
Malignancies

Genetic engineering
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Synthetic
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Cell .
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CAR T CELL THERAPIES

* Durable responses in
leukemia, lymphomas
myeloma, melanoma

» First example of “synthetic
Immunity”

 Immunotherapy is a “living
drug”

* Immune system can evolve
to treat the tumor

 Immunotherapy can “cure”
cancers




Deep Pipeline of Immunotherapies

Generation 1 Generation 2 Generation 3
Ipilimumab (Bristol- T-vec (Amgen)
Myers Squibb)
Pembrolizumab Atezolizumab Multiple therapies
(Merck) (Genentech/Roche) || under development

2013 2014 2015 2016 2017 2018 2019

2010 2011 2012

Sipuleucel-T Blinatumomab CAR-Ts
(Dendreon, now Valeant (Amgen) (Novartis)

Pharmaceuticals)

Nivolumab Durvalumab
(Bristol-Myers Squibb) | | (AstraZeneca)

[J Approved [J Under investigation

Nature Reviews Drug
Discovery (2016) doi:10.1038/nrd.2015.35



Health Care Challenges:
New Cell Therapy Industry

PHARMA

NED\CAL DEVICES
MEDICAL DENICES

CELLTHERARIES

CAR T Issues:

- Patient specific “n of 1”

- Universal cells?

- Reimbursement models?

Chris Mason et al, Regen Med. 2011
Levine and June, Nature. 2013



EVOLVING CELLULAR AND BIOLOGIC
THERAPEUTICS IN ONCOLOGY

CLINICAL SCIENCE

BASIC SCIENCE \ Clinical Subspecialty
TRANSLATIONAL PRE-CLINICAL DEVELOPMENT
RESEARCH PROCESS DEVELOPMENT

REGULATORY APPROVAL
cGMP-COMPLIANT MANUFACTURING

@ P CLINICAL TRIALS IMPLEMENTATION

UNIVERSITY 0f PENNSYLVANIA



Summary:. Cancer immunotherapy

e Synthetic biology is adding to the
“toolbox” for cancer therapies:
 Engineered herpesvirus (Amgen)

« CAR T cell pivotal trials underway
(Novartis, others)

« Combinatorial trials with other targeted
therapies will be synergistic: thousands
of combinations need to be tested

« Moonshot initiative may accelerate the
“cure” of cancer






Abridged history of cancer immunotherapy:
Disappointing until recently

First report of
SO nmOne (1991,1994)
F— Characterization
3 1§54
Description | | transplantation Discovery of MHC | of human
of immune I -restricted CD8* tumour-associated | | Rediscovery of Non-myeloablative
infiltrates in | | Hypothesis of cancer | | T cell recognition antigens by the regulatory chemotherapies and HPV
tumours by ‘immunosurveillance by Zinkernagel First study Rosenberg and Tcellby adoptive T cell transfer vaccination
Virchow by Burnet™ and Doherty™¥ withIL-2'" | | Boon':: Sakaguchi® in melanoma® in VIN®
1976 1985 1095 1906 2002 2008 2009 2010
i
Treatment of Discovery of Discovery of First study with First study of (1996, 1997, 2000) Imiquimod FDA approval of
cancer with the dendritic crosspresentation adoptive cell isolated limb Discovery of the used to sipuleucel-Tin
bacterial products cell by by Bevan® transfer in cancer™ perfusion with immunological treat prostate cancer®
by Coley* Steinman® I l TNF in melanoma function of VIN!H and ipilimumab
First study with and sarcoma’® Toll-like in melanoma®
BCG in bladder First study with receptors* s
cancer*™® IFNa in melanoma™

Lesterhuis et al, Nat Rev Drug Discov 2011

2011: Ipiliumumab shows overall survival benefit in melanoma

2012-2014. PD1 and PD-L1 blockade has benefit in melanoma and lung cancer

2011-2014: CAR-modified T cells show durable remissions in leukemia



Advances in Health Care:
Cardiac Mortality vs Cancer Mortality

Age-standardised mortality rates in NZ, sexes combined
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-&-|schaemic heart
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Advances in Health Care:
Cardiac Mortality vs Cancer Mortality

Figure 4.1  Mortality rates for major diseases in the United States, 1900-2005
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Source: Infectious disease and CVD rates from Cutler et al. 2006. Age-adjusted rates for stomach, lung, and bronchus cancer from
American Cancer Society 2009. Age-standardized rate for all cancers from World Health Organization Mortality Database 2012.



The Case for Cancer Immunotherapy

 No new truly curative anticancer cytotoxic drugs
or targeted therapies developed In the last 20
yrs
— Too many escape routes?

 The immune response is designed to identify

" UNIVERSITY OF
N O VA RT l S 18 | Novartis Leaders Meeting | January 2014 @ PENNSYLVANIA
ONCOLOGY Abramson Cancer Center
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Hallmarks of Cancer:
Immune Escape and Tolerance

Self sufficiency in growth signals Insensitivity to anti growth signals

Example: Example:
- secretion of Interleukin 4,6, 10 - resistance to TGF-B
immunosuppressive effects immunosuppressive effects

Tissue invasion and e Evading Programmed
metastasis g Cell death

Example: O < R ] Example:

- Reduced NECL2 expression : R 5 - expression of MUC1

immunosuppressive effects . ‘ Vit B immunosuppressive effects
e B

|

Limitless replicative potential Sustained angiogenesis

Example: Example:
- expression of TERT (telomerase) - secretion of VEGF
tumour antigen immunosuppressive effects

Capacity to escape immune control
Avoidance of recognition by immune cells
Avoidance of destruction by cytotoxic cells

Overexpression of antiapoptotic factors

Tesniere, et al. Discovery Med (2009)
Hannahan and Weinberg. Cell (2000)




HISTORY OF CANCER TREATMENT MODALITIES

TARGETED IMMUNO-

CHEMO-
DRUGS THERAPY

SURGERY | RADIATION THERAPY

Cut out accessible LIZS FIgh : Interfere with a Support tI:1e.|mmune
tumor cells to stop concentr’c_}ted . et Cy.tOtO).(IC _clr.ugs mechanism required system § mnatg
APPROACH arenwth sl prevent X—rgys or radloafzt\ve to Kill or inhibit o et ab||\ty.tol recognize
. isotopes to kill cancer cells and eliminate tumor
their spread tumor growth
cancerous cells cells
SINCE 1800s early 1900s late 1940s 2000s 2010s
Applicable to all
‘ . I_'lmJted effectiveness High toxeity and B H— tum.ors at ;ll Stag.es
Many inaccessible if tumor has already o i of disease including
o T ) often does not eligible; high . ;
tumors ineligible; begun to spread,; Sestraetie whals efficiency but short metastatic tumors;
LIMITATIONS |imited effectiveness potentially ot G oLE responses are highly
if turnor has already dangerous for tumor, leading to durability driving dlifables potanitial for
! high rates of high rates of ‘ s
begun to spread tumors near vital lower toxicity
recurrence recurrence o -
organs profiles; synergistic
with other treatments




Personalized Medicine

Cancer
Immuno
therapy







Immune
checkpoint

modulators
Vaccines

Metabolism

Treg modulators

inhibitors

Designed to address
unmet medical needs

NMEs = new molecular entities

Combinations

Cancer stem
cells - targeting
Cancer NMEs
inflammation
modifiers

Targeting
cytokines

http://www.ionc.com/mashup/



Adaptive immunity Innate immunity

T cell immunity B cell immunity

NK cell therapie

[ Clinically validated modalities through approved therapies
[J Modalities under investigation

Nature Reviews | Drug Discovery



Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality




Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability Tumor-promoting
and mutation Inflammation

Enabling Characteristics




Trafficking of
T cells to tumors

Priming and activation

Anti-CTLA4 @
Anti-CD137 (agonist)

Anti-OX40 (agonist)
Anti-CD27 (agonist)
IL-2

IL-12 @ Infiltration of T cells

into tumors
Anti-VEGF

Cancer antigen

presentation @
Vaccines

IFN-ct
GM-CSF

Anti-CD40 (agonist)
TLR agonists

Recognition of
cancer cells by T cells

CARs

Killing of cancer cells

® Anti-PD-L1
Release of Anti-PD-1
cancer cell antigens IDO inhibitors
Chemotherapy

Radiation therapy

Targeted therapy




Priming and
activation Trafficking of CX3CL1
T cells to tumors CXCL9
CD28/87 .1 CXCL10
CD137/CD137L CCLS
OX40/OX40L
CD27/CD70
HVEM
GITR
IL-2
IL-12 CS
Infiltration of T cells
g&ﬁ‘g;: 5 into tumors
PD-L1/B7.1 ' LFA1/ICAM1
prostaglandins Selectins
VEGF
Endothelin B receptor
Cancer antigen
presentation
Recognition of
;[_'f'“ @) cancer cells by T cells
IFN-t CG T cell receptor
gg:louco«so Reduced pMHC on cancer cells
ATP
HMGB1
TLR o
Killing of cancer cells
IL-10
IL-4 IFN-y
IL-13 T cell granule content
1L PDL1PD-1 LAG-3
) 4 nase
: cancer cell antigens :)%WB7'1 Q%NM,CB
B Stimulatory factors : B7-H4
U Immunogenic cell death TGF-§
B Inhibitors v L R BTLA TIM-3/phospholipids
olergen eal VISTA




Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation
(APCs & T cells) @

Infiltration of T cells
into tumors
(CTLs, endothelial cells)

Yy, :
Cancer antigen ‘* =
presentation @

(dendritic cells/ APCs)

cancer cells by T cells
(CTLs, cancer cells)

Release of ® 7 | @

cancer cell antigens Killing of cancer cells
(cancer cell death) (Immune and cancer cells)




The Flexner Report [1910]

MEDICAL EDUCATION
IN THE

) ) ) . UNITED
"...The curse of medical education is the excessive number of STATES AND CANADA

schools. The situation can improve only as weaker and superfluous A REPORT TO
) . . THE CARNEGIE FOUNDATION
schools are extinguished." Abraham Flexner, 1910 FOR THE ADVANCEMENT OF TEACHING
BY
In a muckraking style, Flexner revealed the discrepancies between ABRAHAM FLEXNER
school catalogue descriptions of courses and clinical opportunities

WITH AN INTRODUCTION DY

and the realities of medical training in schools throughout the nation. HENRY §. PRITCHETT
Flexner argued strongly for placement of medical education within TR r T renamex

the structure of American universities, away from strict control of

practitioners, and he emphasized the need to close substandard

schools. For Flexner, the desired ideal was truly academic training,

with clinical teaching in close geographical association with

university science departments. BULLETIN NUMBER FOUR

576 FIFTH AVENUE
NEW YORK CITY



CD28 Family of Receptors Control
Immunologic Tolerance: 1995

Type #1 |
Ag/MHC Ligand

TcR CeR

Siglnal 1 Sigllial 2 Sigll-al 1
| l
Potential outcomes: Potential outcomes:
Clonal expansion Anergy
Effector functions T cell death

June CH et al. The B7 and CD28 receptor families. Immunol Today. 1994;15:321-31



Adoptive Cell Therapy:
3 Approaches in Advanced Development

Science Trans Med, 2015




Essential factors for augmenting

adoptive immunotherapy

Optimize Ex Vivo
Expansion



Synthetic biology: “putting the immune
system on steroids”

+ An emerging interdisciplinary field with the common
approach of manipulating or engineering properties
of biological systems from biological ‘parts’ or
synthetic components to create functions or systems
not found in nature.

* For the Biomedical researcher:
An approach and set of tools to
iImprove our knowledge of biological
systems and engineer novel
therapies.

¢ Examples:
- “artificial life (Craig Ventner),
- bacteria producing biofuels,

| - A bt LR
[ CidgRI Y

- CAR T cells! B TET TIITeE




CAR T cells: personalized “serial killer” cells

Gene transfer technology is used to
stably express CARs on T cells,
conferring novel antigen specificity2

= CART19 therapy takes advantage of
the cytotoxic potential of T cells thereby
killing tumor cells in an antigen-
dependent manner?!:3

= Persistent CART19 cells consist of both
effector (cytotoxic) and central memory
T cells®

Anti-CD19
CAR construct

= T cells are non-cross resistant to
chemotherapy

= Responses are cytolytic: no swelling!

1. Milone MC, et al. Mol Ther. 2009;17:1453-1464.
2. Hollyman D, et al. J Immunother. 2009;32:169-180.
3. Kalos M, et al. Sci Transl Med. 2011;3:95ra73.




Adult Chronic Leukemia Study Overview*

Porter DL, et al. N Engl J Med. 2011;365(8):725-733
Kalos M, et al. Sci Transl| Med. 2011;3:95ra73
Grupp S, etal. NEngl J M ed 2013;368:1509-1518

o Chemotherapy

)

Antibody-coated €
beads e® «5 ‘Q
‘\ ‘I:‘ Bead removal
o T-cell activation/ y 2
ez Modified T-cell

transduction® !
expansion®

”" 490.
B oy Fi

* ClinicalTrials.gov #NCT01029366



93% CR rate for r/r ALL after CTLO19

>200 patients with CLL, ALL, NHL, MM have gotten CTLO19

e 59 r/r pediatric ALL pts:
55in CR at 1 mo (93%)

6 went to subsequent
transplant

e 6-month RFS: 76%
 No relapses past 1 year

e 13 patients in remission
beyond 1 year,
10 without further
therapy

1.0 -
1

0.8 —

Probability

0.2

0.0

o
[=2]
L

o
»
I

Overall Survival

12-month OS
79% (95% CI: 69,91)

0

59

[ I | [ | | | I
6 9 12 15 18 21 24 27 30
Months since infusion
42 33 30 22 18 15 12 6 4

@H The Children’s Hospital
of Philadelphia®
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Some of Dr Grupp’s Pediatric Leukemia Patients
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Feb 2016

‘ The goal of this initiative — this ‘Moonshot’ — is to seize
this moment. To accelerate our efforts to progress towards

a cure, and to unleash new discoveries and breakthroughs for other

deadly diseases. Vice President Biden

Vice President Biden listens to Penn president Amy Gutmann at the Abramson Cancer Center.
Looking on are doctors Bruce L. Levine (center, left) and Carl H. June. JosepH KACZMAREK / AP, Pool

At Penn, Biden sets
cancer ‘moonshot’

By Don Sapatkin
STAFF WRITER
ice President Biden
met with scientists
at the University of
Pennsylvania’s
Abramson Cancer
Center Friday afternoon, offi-
cially launching his “moon-
shot” quest to cure cancer.
“We're on the cusp of phe-
nomenal breakthroughs,” Bi-
den said, adding that Presi-
dent Obama would be issuing
an executive order that would
get every federal agency in-
volved in the effort.

Biden asked the research-
ers to educate him on the chal-
lenges and possibilities of ge-
nome-based discoveries of
the last several years, particu-
larly a type of immunothera-
py that has been pioneered by
Penn researcher Carl H.
June.

Just last month, research-
ers from Penn and Children’s
Hospital of Philadelphia, led
by June, announced that an
experimental cell therapy
that boosts the immune sys-
tem continues to produce

See CANCER on A2

In Sunday’s
Health Section

Precision medicine, such
as the immunotherapy
innovations Vice
President Biden
discussed at Penn on
Friday, is transforming
cancer diagnosis and
treatment. Find out how
these discoveries are
already helping patients,
and where their promise
lies.



Determine Efficacy and Safety of CTL019In

Pediatric Patients With
Relapsed and Refractory B-cell ALL (ELIANA *

Stephan Grupp Children’s Hospltal of Phlladelphla
Stella Davies, Cincinnati Children’s Hospital

Christian Capitini, University of Wisconsin

Ted Laetsch, Children’s Medical Center of Dallas
Doug Myers, Children’s Mercy Kansas University
Enelda Nemecek, Oregon Heath & Science University
Krysta Schlis, Stanford University

Michael Verneris, University of Minnesota

Alan Wayne, Children’s Hospital Los Angeles

Gary Yanik, University of Michigan

Paul Martin, Duke University

Francoise Mechinaud, Royal Children’s Hospital (Australia)
Henrique Bettencourt, Hospital St. Justine (Canada)

Clinicaltrials.gov NCT02435849 U) NOVARTIS



Lessons Learned

long term attention span

Incorporate new technologies

stubbornness: do what you believe!

patients accept “on target” toxicity

details matter: small changes in experimental
approach can lead to large changes in
outcome

Sometimes luck is a major component of
success

Study patient outliers

You can have a career in Immuno-Oncology!



Pharma and Biotech

Take on CAR T cells

AMAZON: THE NEXT $8 TRILLION * MICROSOFT MAKES NICE
SPECIAL IS55UE

» Penn-Novartis Alliance
for CAR T cells. August
2012

« Joe Jiminez CEO: "T've -
told the team that W "
resources are not an L
issue. Speed is the
iIssue”. May 2014

« FDA awards JoserH
"breakthrough Koyt
designation” fo UPENN
for CART19. July 2014



CAR’s in Clinical Development

Commercial CARs: Autolus/UCL, Bellicum, BioNTech, CBMG, Cardio3->Celyad, CARSgen,
Celgene/Bluebird, Cellectis/Servier/Pfizer, Cellular Therapeutics Ltd, Juno/Opus, Kite/Amgen,
Mustang/COH, Novartis, Sorrento/Conkwest, Takara, Transposagen/J&J/Janssen,
TheraVectys, Unum, Intrexon/Ziopharm ...
Academic Institute (US) Target(s)
Baylor College of Medicine CD19, GD-2, Her2, CD30, kappa Ig
FHCRC CD19, CD20, ROR1
MD Anderson Cancer Center (MDACC) CD19
Memorial Sloan Kettering) CEA, mesothelin, PSMA
. . CD19, CD22, CSP4, GD-2, EGFRvIII , mesothelin,
National Cancer Institute (NCI) VEGFR2
University of Pennsylvania CD19, CD123, BCMA, mesothelin, cMet, EGFRvIII
Academic Institute (non-US) Target(s)
Chinese PLA General Hospital CD19, CD20, CD33, CD138, HER2
Christie Hospital NHS Foundation Trust CD19
Peter MacCallum Cancer Centre, Australia LewisY
University of Zurich FAP




CAR Trials: A special thanks

CVPF

Bruce Levine
Zoe Zheng
Alexey Bersenev
Andrea Brennan
Julio Cotte
Elisabetta Cribioli
Chris Nowaczyk
Hima Patel
Suzanne Pavluk
Tamara Tripic

TCSL
Jos Melenhorst
Simon Lacey

PENN Medicine

David Porter
Noelle Frye
Marcela Maus
Stephen Schuster
Edward Stadtmauer
Alison Loren

Lynn Schuchter
Martin Carroll
Robert Vonderheide
Don Siegel

Saar Gill

\®
/\ Center for Cellular Immunotherapies

@H The Children’s Hospital
of Philadelphia”

Children’s Hospital of
Philadelphia

Stephan Grupp

David Barrett
Shannon Maude

Patients and
Families

The Leukemia &
Lymphoma Society’
Fighting Blood Cancers
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