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The Immune System Recognizes and
Eliminates Cancer Via Multiple, Complex
Me . . Trafficking of

T cells to tumors

@ (CTLs)

Priming and activation

(APCs & T cells) @

f5 Infiltration of T cells
into tumors
(CTLs, endothelial cells)

Cancer antigen /7~ & Je
presentation @/

(dendritic cells/ APCs) (B

@ Recognition of
cancer cells by T cells
(CTLs, cancer cells)

Release of U-/

(cancer cell death) (Immune and cancer cells)



Tumor Immune Escape:
Recruitment of Immunosuppressive Cells

« Tumors can recruit a variety of immunosuppressive cells

Key immune suppressor cell types: Failure to prime Blockade of systemic
effector T cells : effector CTL
Systemic tumor-derived factors

can, via the induction of Tregs
and MDSCs, impair CTL function

Tumor-induced
tolerogenic DCs are
unable to activate CTLs

(classically CD4*CD25*FoxP3*)13 and induce Tregs

Tregs

Can suppress immune responses via production of IL-10
and TGF-B, using up environmental T-cell survival
factors, and dysregulating local T cells

TILs are inhibited by direct

contact with tumor cells
and/or their secreted factors,
Tregs, MDSCs

. . . . . Tumor-derived factors
Produce TGF-B, arginase | and inducible iNOS, inhibiting | . Cytokines/chemokines

CD8* T-cell function and inducing . Metabolites
T-cell apoptosis * Exosomes ==
Tumor-derived conditions
*  Hypoxia
. AZiF;l osis Blockade of local

effector TILs
TGF-B = transforming growth factor beta. Adapted from Aerts JG et al.>

1. Kerkar SP, et al. Cancer Res. 2012;72:3125-3130. 2. Woo EY, et al. J Immunol. 2002;168:4272—-4276. 3. Kryczek |, et al. Cancer Res. 2009;69:3995-4000; 4.
Stagg J, et al. Immunol Rev. 2007;220:82-101. 5. Aerts JG, et al. Cancer Res. 2013;73:2381-2388.



The history of cancer immmunotherapy: from empirical
approaches to rational, science-based therapies

Treatment of

cancer with
bacterial Treatment
products  of bladder
(“Coley’s cancer cell
toxin”)  with BCG

Adoptive

therapy

FDA approval of

Adoptive sipuleucel-T (DC FDA
T cell vaccine)in of an
therapy  prostate cancer

approval
ti-PD1 for

melanoma

1863 18981957 197619831985 1991, 4 2002 2009 20102011 2014

-

Description of Cancer IL-2
immune iImmuno- therapy
infiltrates in surveillance  for cancer
tumors by hypothesis
Virchow (Burnet,

Thomas)

Discovery HPV FDA approval of
of human vaccinatio anti-CTLA4
tumor ninVIN  (ipilimumab) for
antigens melanoma
(Boon,
others)



Increased overall survival upon Immunotherapy
In advanced melanoma

Percent survival

Time
B Chemotherapy

I Targeted therapy = clinical responses in majority of patients
= limited duration of responses

I Immune therapy = long lasting responses

adapted from Allison et al., 2015
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Immune Checkpoint Inhibitors
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Co-inhibition

DC T cell
CD80 |
P CTLA4

CD86 '
PD-L1

PD1
PD-L2
B7-H3 ?
B7-H4 ?

BTLA
HVEM

CD160
ILT3 ?
ILT4 MHC-I

Co-stimulation

DC T cell
CD80 =
CD86 =gy CD28
CD40 CD40L
ICOSL ICOS
CD70 CD27
OX40L 0X40
4-1BBL 4-1BB
GITRL GITR
LIGHT HVEM
TIM3 - Galectin 9
TIM4 TIM1
ICAM1 LFA1

LFA3 )= CD2




FDA approved immune checkpoint inhibitors

Table. FDA-approved immune checkpoint inhibitors

Drug
Ipilimumab (Yervoy, Bristol-Myers Squibb)

Nivolumab (Opdivo, Bristol-Myers Squibb)

Pembrolizumab (Keytruda, Merck)

Durvalumab (Imfinzi, AstraZeneca)

Atezolizumab (Tecentriq, Genentech)

Avelumab (Bavencio, EMD Serono)

Target
CTLA-4

PD-1

PD-1

PD-L1

PD-L1

PD-L1

Indication

Melanoma

Melanoma, non-small cell lung cancer, renal cell carcinoma, Hodgkin lymphoma,
head and neck squamous cell carcinoma, urothelial carcinoma, colorectal cancer,
hepatocellular carcinoma

Melanoma, non-small cell lung cancer, non-squamous cell lung cancer, head
and neck squamous cell carcinoma, Hodgkin lymphoma, colorectal, gastric and
gastroesophageal junction adenocarcinoma, urothelial carcinoma

Urothelial carcinoma

Urothelial carcinoma, metastatic non-small cell lung cancer

Merkel cell carcinoma, urothelial carcinoma

Abbeeviations: CTLA-: cytotoxic T-lymphocyte antigen-4, PD-1: programimved cell death protein 1, PD-L1: programmed cell death ligand-1

Source: Wendy Bottinee, MD




Anti-CTLA4

CTLA-4 is an immune checkpoint receptor
on T cells that plays a key role in preventing
T-cell overactivation. Tumor cells use the
CTLA-4 pathway to suppress initiation of an
iImmune response, resulting in decreased T-
cell activation and ability to proliferate into
memory T cells.

Preclinical data suggests that treatment with
antibodies specific for CTLA-4 can restore an
immune response through increased survival
of memory T cells and depletion of
@  nhibitory regulatory T cells.




CTLA4 in Rheumatoid Arthritis

Evepyormnoinon apvnTlkig cUVSLEYEPONG EMAYEL KATAOTOAN evepyomnoinong T Kuttdpwv

Abatacept o

Abatacept modulates the immune response by
binding to CD80/CDBE6 on an antigen-presenting cell
(APC), such as a dendritic cell, thus preventing
costimulatory binding of CD28 on naive T cells and
attenuating T-cell activation.



PD-1/PD-L1 interactions

PD-1 is an immune checkpoint receptor on
cytotoxic T cells that plays a key role in T-cell
exhaustion and prevention of autoimmunity.
Tumor-infiltrating T cells across solid tumors
and hematologic malignancies display evidence
of exhaustion, including upregulation of PD-1.

Preclinical data suggests that PD-1 blockade
reinvigorates exhausted T cells and restores their
cytotoxic immune function. 'nhibiting both PD-1
ligands (PD-L1 and PD-L2) may be more
effective at reversing T-cell exhaustion than
inhibiting PD-L1 alone.
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The landscape of T cell activating and
Inhibitory receptors

Activating Inhibitory
receptors receptors
< CD28 CTLA-4 ;
i OX40 PD-1 ;
A GITR TIM-3 *
2 CD137 ~DBTLA g
CD27 , ' VISTA
V HVEM | | LAG-3 i‘(

N

Agonistic Blocking
antibodies Todll antibodies

stimulation



Percent survival

Future Directions in Immuno-Oncology

Time

B Chemotherapy

Targeted therapy

I Immune checkpoint therapy = long lasting responses
= applicable in various cancer types

I Combination therapy = increase in response rate?
= increase in efficiency?



Progression-Free Survival (Intent-to-Treat Population)

100
90 - l NIVO + IPI (N=314) | NIVO (N=316) | 1Pl (N=315)
= a0 Median PFS, months (95% CI} 11.5{8,9-16.7} 8.2(4.3-8.5) 29(2.8-3.4)
:9‘ =
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PFS per Investigator (months
Number of patients at risk: F per 9 X ( )
Nivolumab +Ipilimumab 314 219 174 156 133 126 103 4g B 0
Nivolumab 318 177 143 127 114 104 a4 46 8 0
Ipitimumab 315 137 78 53 48 40 25 15 3 0

Presented By Jedd Wolchok at 2016 ASCO Annual Meeting

Database lock Mov 2015
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Organs Systems Often Affected by
Cancer Immunotherapy

I-O therapy-associated AEs target certain organ systems!?

Skini-6

Endocrine system?4.6.7-10

L|Ve r2,6,11—12

Gastrointestinal tract26:9.13

Nervous system®:10.14,15

Eyesl,4,16—18

Respiratory system?5:610,15,19

Hematopoietic cells®.9.12.20-22

1. Amos SM, et al. Blood. 2011;118:499-509; 2. Phan GQ, et al. PNAS. 2003;100:8372—-8377; 3. Rosenberg SA. J Immunother Emphasis Tumor Immunol.
1996;19:81-84; 4. Chianese-Bullock KA, et al. J Immunother. 2005;28:412—-419; 5. Harris J, et al. Med Pediatr Oncol. 1994;22:103-106; 6. Chow LQ. Am Soc Clin
Oncol Educ Book. 2013:280-285; 7. Bendle GM, et al. Nat Med. 2010;16:565-570; 8. Soni N, et al. Cancer Inmunol Immunother. 1996;43:59—-62; 9. Ronnblom
LE, et al. Ann Intern Med. 1991;115:178-183; 10. Fraenkel PG, et al. J Immunother. 2002;25:373-378; 11. Lamers CH, et al. J Clin Oncol. 2006;24:e20-e22; 12.
Roskrow MA, et al. Leuk Res. 1999;23:549-557; 13. Parkhurst MR, et al. Mol Ther. 2011;19:620-626; 14. Pellkofer H, et al. Brain. 2004;127:1822-1830; 15.
Smalley RV, et al. Blood. 1991;78:3133—-3141; 16. Dudley ME, et al. J Clin Oncol. 2008;26:5233-5239; 17. Yeh S, et al. Ophthalmology. 2009;116:981-989; 18.
Robinson MR, et al. J Immunother. 2004;27:478—-479; 19. Morgan RA, et al. Mol Ther. 2010;18:843—-851; 20. Kochenderfer JN, et al. Blood. 2010;116:4099—
4102; 21. Lin TS, et al. J Clin Oncol. 2010;28:4500-4506; 22. Herishanu Y, et al. Leuk Lymphoma. 2003;44:2103-2108.
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Immune Cell Therapies



MNoati ta Asvdpitika Kotrtapa (dendritic cells: DCs) eivan éexwplota?

* TOL TILO ATIOTEAEOHATIKA armo oAa tao. APCs

* LETAPEPOUV AVTLYOVA OO LOTOUC OTOUC
Aepdadevec

* Emdyouv OAeC TIC avTlyoVOELSLKEG T
QTTOKPLOELC

*[MpokaAoUv tnv emtBupnth cuvdleyepon twv T
KUTTAPWV

* SlaTtnpPoUV TNV «aVOoXA» OTO AVTLYOVO EAUTOU

* evepyoToloUvTal amo UkpoBLlakd onpata
TIOU TIPOEPYOVTOL ATIO TNV GUCLKA avooia

AevdpiTika KUTTapa: Ta avoOOEVIOYXUTIKA TG pUONG



Dendritic cell vaccination

» Tumour-cell lysates o
= Apoptotic or necrotic cells
Immature DC : anant protein.

Monocyte or CD34* [ 20
precursor S

Nature Reviews | Immunology



What is CAR T-Cell Therapy?

* It stands for (Chimeric Antigen Receptor) T-Cell Therapy
* T-Cells are isolated from the patient

* The T-Cells are then engineered to express CARS that recognize
cancer cells

* Modified T-Cells are grown and expanded, and then infused into the
patient

* This adoptive cellular therapy transfers cells into the patient with
the goal of targeting malignant cells



Cytotoxicity of CD19-specific CAR-expressing
T Lymphocytes against B Cell Lymphoma

/

MHC

cytotoxicity
: class |

e

T cells

B lymphoma cell

A\ \ \
CD3f CD28 scFv(CD19)
\ )

CAR

CD19-CAR T cells, which are engineered to express extracellular single-
chain immunoglobulin variable fragments to CD19, linked to cytoplasmic
T cell activation domains including CD3-(, showed remarkable
therapeutic benefits toward CD19* B cell malignancies.




CTLO19 is designed to hunt and destroy
CD19-positive B-cell cancers in patients

c Leukapheresis 79 9 Modified T-cell infusion
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a. Celluiar reprogram ming and ex vivo expansion are conducied at a call processing facility.




Clinical outcome of CAR-T cell therapy trials
in liquid malignancies, targeting CD19

" CR/PR (283) = SD(19) = NR/PD (77)

www.CellTrials.org



Thank you



Innate immunity Adaptive immunity

a ) B cell \

/.-—-\
/
\
Complement NK T cell o’ e~
protein J ( )

Dendritic cell

APCs
Macrophage

/;‘@\5\/ //‘}\ '
§ 4
~ ~

NK cell

N\ y

= fast response and low specificity « Antibodies
« Cytokines
« Ag receptors (10°/ individual)

Granulocytes

= specificity, diversity, and memory Dranoff, 2004



Chemotherapy: Pleiotropic stimulatory effects on the
Immune system

.
-
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- Chemo- — .“‘%
therapy %

tumor-antigen release/
presentation; danger signal
release; immunogenic cell
death

1



Chemotherapy: Pleiotropic stimulatory effects on the
Immune system

Increase in antigen presentation/
crosspresentation via dendritic cells; MHC
| upregulation; epitope spreading

-
t tumor-antigen release/

presentation; danger signal
release; immunogenic cell

death



Chemotherapy: Pleiotropic stimulatory effects on the
Immune system

crosspresentation via dendritic cells; MHC
| upregulation; epitope spreading

. Increase in antigen presentation/

tT cell function &

Th1 polarization (7' Sa

A

\ Chemo- —l ..%
therapy 0

tumor-antigen release/
presentation; danger signal

1

'V release; immunogenic cell

Proinflammatory death
. . ea
cytokines \;~
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& <P
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IFN-y



Chemotherapy: Pleiotropic stimulatory effects on the
Immune system

Increase in antigen presentation/
tT cell function & ‘ N tcrossprese.ntation. via dendritic. cells; MHC
Th1 polarization et (fl V | upregulation; epitope spreading
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Immunedysregulation Polyendocrinopathy Enteropathy X-linked
syndrome (IPEX)

Treg deficiency due to Foxp3 mutation

e Neonatal onset diabetes mellitus

e Hypothyroidism

e Enteritis (diarrhea/villous atrophy)

e Hemolytic anemia & thrombocytopenia.
e Dermatitis

e Dermatitis (eczema)

e Death by 1-2 years of age




>22,000 patients on pembrolizumab clinical trials since 2011

ADVANCED _
PLEURAL OTHERS i
TRIPLE NEGATIVE BREAST MESOTHELIOMA |
CANCER -

BLADDER
HEAD & :

NON-SMALL- NECK ot
CELL LUNG 5

Initial approval for metastatic melanoma

Now approval for non-small-cell lung cancer, head and neck
cancer

Potential application in up to 30 different types of tumors




T lymphocytes are activated and negatively regulated by

Immune checkpoints.

Tumor

iti ‘ OX40L ~/GITRL
D"ZZ’,’I"’"4 1BBL 3¢ \
cp153 §
cD40 GITR
MH “

0X40
o 4-1BB
cpgo/ *Qp D30
o e, A% cD4oL \
(¢ wﬁ‘:?‘fiijﬁ. TCR
|COSL < Dza\‘\‘
CTLA-4
ICOS ™~
T cell
CCR New Strategies AACGR

Ryan J. Sullivan, and Keith T. Flaherty Clin Cancer Res

2015:21:2424-2435

Clinical
Cancer Research



Qinhibitory

LLAG-3 is an immune checkpoint receptor on the
surface of both activated cytotoxic and regulatory
T cells (Tregs).*+* When bound to the antigen-
MHC complex, LAG-3 can negatively regulate T-
cell proliferation and the development of lasting
memory T cells.*® Repeated exposure to tumor
antigen causes an increase in the presence and
activity of LAG-3, leading to T-cell exhaustion.47:48

Preclinical data suggests that inactivation of
LAG-3 allows T cells to regain cytotoxic function.*?



Immune Checkpoint Inhibitors

@ Trafficking of
T cells to tumors

Anti-OX40 (agonist)
Anti-CD27 (agonist)

Infiltration of T cells
into tumors

Anti-VEGF

Cancer antigen
presentation

Vaccines

IFN-a .

GM-CSF Recognition of
Anti-CD40 (agonist) cancer cells by T cells
TLR agonist

@ - - of cancer cells
Release of

cancer cell antigens

Chemotherapy
Radiation therapy
Targeted therapy

Chen and Mellman Immunity, 2013, 39:1-10



Inactive

(—) inhibitory

A,, Adenosine

!
'y
"

CD73 is a cell-surface enzyme on Tregs. CD73 is a critical
checkpoint in the production of adenosine, which has been
demonstrated to be a powerfully immunosuppressive molecule
in cellular studies.> Tumor cells exploit this pathway by
expressing CD73 and releasing adenosine into the tumor
microenvironment.51-53

Preclinical data suggests that inhibition of CD73 activity can
stimulate T-cell activity.>
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Treg cell iImmunotherapy

In vivo targeting of 1o cells for therapy Adoptive T _cellular therapy

18 cells

In vivo depletion or inhibition R Lo ¢ .
e -‘ . A Xpansion Therapeuti
of effector T cells and activation : L Isolation | ' _ Nerapeutic

: . T cells
and expansion of T __cells _— A 5 » _reg

»

1"|[E|_T|HT(;H &Eﬂ 4-/

Infusion

€T %ﬂ ‘\ Therapeutic

T _ cells

In vivo depletion of T _cells

Isolation

: : , Induction and
In vivo depletion of T _cells for = expansion

treatment of cancer and infection NaiveT calls




CAR-T cell therapy

CHIMERIC ANTIGEN RECEPTOR (CAR)

MHC-independent
CD19 antigen engagement
and induction of signalling

Proliferation,
cytokine production,
CTL function,
tumor lysis




The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED [N 1812 DECEMBER 1, 2011 VL 164 MO 22

Interleukin-2 and Regulatory T Cells in Graft-versus-Host Disease

Draily low-dose interlenkin-2 was safely administered in patients with active chronic
GYHD that was refractory to glucocorticoid cherapy. Administration was associaosd
with preferential, sustained Treg cell expansion in vivo and amelioration of the man-
itestations of chronic GYHD in a substantial proportion of padents. {Funded by a
Dana—Hurber Dunkin® Dormuts Rising Star award and others; ClinicalTrials pov rumiber,
NCTO0529035.)
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Ralph Stxizruar uuwd hin fradings 10 el3 deagn bestmerts fut ruay have probonped a fde.

A fight for life that
united a field

Nobel-prizewinner Ralph Stetnman tried to beat his cancer
with vaccines based on the dendritic cells he discovered.

ST LAUREN BRAYVITZ

fier 2 young Ralph Stetmman m-ds-

coverad 2 new type of imimesne ool In

1973, he spent yoars batlling Lo prove

Iis importance in defending e body apind

paSogens, ad (o show how il could be wsed o

Nght disease Thirty-fowr years laier, hewould
Jook 1o that same oafl (o try to save Ris ik

Dendritic colls — mamad for Uelr troe- ke

branches — ditrect and reguiate the bodys
Immune system by programming other colls
Lo recogmize 2nd destyoy Intruders. Sicinmas,
2 plysictan-scientist 2 The RockefeBer Und-
versily In New York, sot his sights on using
he coflls In vaccines o chronic nitc-
Lons, such 25 HIV and tebertudosts, 2nd In
amncer theraptes. So wien Be was diagnosad
wilk advanced pancreatic cancer tn March
2007, 1 was only natural that ke would pin b

bopes on the caflls that had been hils WS work
Together with colflaborations around the world,
Be desgnod (herapics that made use of hes own
dendritic odls.

“He was nanning an expertment oa himsclf
and was wiling 10 haip ot with every kind of
studx He wanted 50 Reip Rimsci{ bul be ako
viewod It 2s an Incrodibie 1okam
something” syys Ira Melman, who workoed
wik Sletnman (o develop hos treatments and
& vice-president of oncoiogy research at the
biotechnology Arm Genentoch In South San
Prancsco, Caltfornta

Om 3 October, Stetnmman shared e Nobd
Prizein or Medicine for bis work,
but he never heard the nows. Al the age of 68,
afler a four-and-3- haif year datlle with an-
cer, he died three days befors the awasd was
ansounced (soe Nabare 478, 13-1& 2011)

I first met Setoman during my two- year
temare 2s 2 sclence wrier In the Rockefolier
commurtctions dcpartmest. [ was new %o the
mmenadiogy bead, and e kindly and patiently
Qled me through the tntricacies of dendritic
ol and thelr vast polential. Wien word of

Bs Gcrr Sagnoss emaged, his students and
talkad about & In hushed tones, tel-

ing me that Immunoiogists A Rockefofler and
beyond wem using Seinmans dendrtic cds
2 pemsonaitand tmrmunotherapy. | vagudy
pictured s colleagues tnjecting him with
2o Cailis right theve I his b [ocowid
2ol have been MOEe wrong,

"Everybody aroend the world who had

10 share came for ward, aad heama-

Tysad and chose whal locked most
s3ys Sarah Schiesinges, 2 -rescarcher
& Rockefdler who workad Cosely with Siets.-
man and oversaw many of & experimental
trextmenis. “We workod with doxens of col-
leagues, who Beiped In desigming his therzpy,
evalaaiing the tumour and evaluating his
tmmane response, and many wockad with
s 10 craale single-patient profooois Lo treal
Rim wik experimental immenotherapy thal
went through the FDA [US Food and Drug
Admizsiration|”

Rescarchers across the Nield were cager Lo
Beip e Tan who had always baen generoes
with his time and knowledge. “Raiph was 2 ool-
=boraior, 2 compettior, bt before everytiing
Do was 2 friend” sps faoques Eancharazs, who
began working with Sizinman in the early
1990s and is now head of Inflammation and

virology al Roche In Nutley, New jersex &

IJOCTORER JOI1) 1 VOL 478 | NATURK 1 163
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