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Why does the immune system fall to
eliminate cancer?

Cancer cells grow progressively
INn Immunocompetent hosts without evidence of
T cell exhaustion or systemic anergy.
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@ The 3 Es of cancer immunoediting
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The 3 Es of cancer immunoediting
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“Danger” signals _~— Tumor antigen
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IMMUNOTHERAPY™ =

To exist, tumors must evolve
mechanisms to locally disable and/or
evade the iImmune system.

The goal of immunotherapy, then, is to

restore the capacity of the immune
system to recognize and reject cancer.

®© 2017 Society for Inmunotherapy of Cancer
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Multi-layered immunosuppression

* Tumors insulate themselves
with dense layers of
immunosuppressive stroma

* Overcoming the many layers
of interconnected and often
functionally redundant
immune suppressive
mechanisms represents a

daunting challenge for tumor- immunotherapy
specific T cells (e.g. anti-CTLA4)

* Immunotherapy can “peel
back” the layers of local
immune suppression, thereby
restoring the capacity of T
cells to eradicate the tumor

© 2017 Sociely for Immunotherapy of Cancer
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IMAMUNOTHERAPY™ suppressive
Anti-tumor immunity cytokines that

prevent

Ttk o migration and

Promote @ ©™ infiltration

Immature, "R
suppressive
DCs and
macrophages

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

lymph node

Cancer antigen
presentation @
(dendritic cells/ APCs)

@ Recognition of

cancer cells by T cells
(CTLs, cancer cells)

. << Express checkpoint
LOSS Of neoa ntlgens Release of @ Killing of cancer cells

cancer cell antigens

| (cancer cell death) (Immune and cancer cells) p rote I n S

sticn of Commu

Chen & Mellman, Immunity, 2013 @ Ncco @19
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Therapeutic Strategies

Tumor-specific antigens that can ~ Vaccines, Chemotherapy/Radiation,

be recognized by the immune Oncolytic Viruses, Epigenetic Agents
system

Effective antigen Macrophage/DC Polarizing Agents,
presentation/recognition Oncolytic Viruses

Antigen-specific T cell production  Adoptive T Cell Therapy

Improve T cell migration intothe  Microenvironment (TKI & Cytokine
tumors Inhibitors/Inducers, Chemotherapy,
Radiation, Oncolytic Viruses)

T cells are activated rather than Drugs that boost stimulatory receptors
suppressed

Counteract immunosuppression Checkpoint inhibitors, anti-Tregulatory cells

Adapted from Jedd Wolchok and others I .
Wilky & Goldberg, Discov Med, 2017 p—— ’ A (i..(i.(f. (SItD
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IMMUNOTHERAP
i T cell checkpoint modulation T cell adoptive transfer ]
Activating Inhibitory
receptors receptors

Targeting element
Single-chain variable fragments (scFvs)

Spacer
% CAR y Transmembrane domain

Costimulatory domain
(e.g. CD28 or 4-1BB)

Agonistic Blocking CD3¢
antibodies stimulation antibodies - Essential signaling domain
NG, = & J
( Therapeutic cancer vaccines Effector antibodies and antibody-drug conjugates
Antibody
Specific to tumor-

associated antigen

Viral and bacterial-based

vaccines Cytotoxic agent

Designed to kill target cells
when internalized and
released/activated

Linker

Attaches cytotoxic agent
to the antibody
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Three signals for antigen-specific
T cell activation

Signal 1 Signal 2 Signal 3

Class Il _4As

Normal cells Only special cells like
can't activate T cells DCs can give the “all clear”
2nd signal to T cells

Society for Immunotherapy of Cancer
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T cell checkpoint modulation

Activating Inhibitory
receptors receptors

Agonist
antibody

Blocking

¢ i antibody

Dendritic cell
co-stimulatory

receptors
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ADVANCES N (} CTLA-4, a negative regulator of T cell activity

cancer . . :
IMMUNOTHERAPY™ limits the responsiveness of activated T cells

0 hr 0-24 hr 24-48 hr

| anti-CTLA4

MHC/TCR &
complex A4

T cell makes
CTLA-4

Signal 2 Stop signal,
“all clear” cell cycle arrest
@ - sccc Csito
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MMUNOTHERAPY ™ transplantable colon carcinoma
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Days after tumor injection
Leach DR, Krummel MF, Allison JP. 1996.

Enhancement of antitumor immunity by CTLA-4 blockade.

Science. 217(5256): 1734-6. e (.T
Acco “sitc >

Society for Immunotherapy of Cancer

© 2017 Sociely for Immunotherapy of Cancer



ADVANCES IN A lpilimumab (human anti-CTLA-4) was
C) approved for the treatment of metastatic
IMMUNOTHERAPY™ .
melanoma by FDA in 2010
100 -
+ CR PR SD 2-year
90 - 1 ——— Ipilimumab 0.3 mg/kg 0% 0% 14% 18%
------- Ipilimumab 3.0 mg/kg 0% 4% 22% 24%
807 - = = -Ipilimumab 10 mg/kg 0% 8% 18%
% . Temodar:
> 60+ CR: 2.5%
g - A PR: 1%
.‘ED SD: 18%
S 40 - 2yr:(18%
ng s Y e SR
20
10
’ 0 ‘|I é :Ii 1'1 EIS é ; é Sl) 1I0 1I1 1l2 1I3 1I4 1I5 1'6 1I7 1I8 1|9 2I0 211 212 2I3 2I4

Patients at risk

Time from randomisation (months)

0.3 mg/kg 73 67 61 58 53 50 47 45 38 33 33 29 27 25 24 21 17 17 15 14 14 13 12 12 12
3.0mglkg 72 70 64 58 54 50 47 43 39 34 30 28 26 24 23 23 22 21 20 20 20 19 18 17 16
10 mg/kg 72 70 63 58 53 47 45 42 41 40 39 33 31 29 28 27 25 24 22 20 19 19 19 18 18

Wolchok et al. 2010. Lancet Oncol.
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Which T cells are affected by ipilimumab (aCTLA-4)?

Antibody

Activated T cells

Y

aCTLA-4
(Ipilimumab)

-

/\

Actlvated Actlvated
f \Tcell | =D ‘Tcell

cw m/‘ \MBA

+ Resistance to B7:CTLA-4 anergy
« Maintenance of activity

Regulatory T cells

» Reduced suppressive function
« Depletion of Treg cells

J

The efficacy and selectivity of anti-CTLA-4 therapy increase in patients who have higher
percentages of activated tumor-specific T cells at the time of treatment

© 2017 Sociely for Immunotherapy of Cancer
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* PD-1 signaling promotes T cell tolerization by inhibiting downstream activation signals
* PD-1 expression is upregulated by activated and exhausted T cell populations
* T cell surface PD-1 receptor binds to and is activated by PD-L1 and PD-L2

* Many cells within the tumor microenvironment express PD-L1/PD-L2 allowing for the
suppression of T cell activation

* Tumor PD-L1 expression is regulated via two general mechanisms:
1. TIL production of IFN-y

PD-L1
expression

o Granzyme

T cell
Francisco, L. et al. Immunol Rev. 2010. 236: 219. ACEE @EC)
Pardoll, D.M. Nat Rev Cancer. 2012. 12: 252. SRR Gty Sers Seten R merom
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Pembrolizumab

Nivolumab PD-1
Atezolizumab PD-L1
Avelumab, durvalumab PD-L1

© 2017 Society for Immunotherapy of Cancer

Current approvals for PD-1/PD-L1
inhibitors

Advanced/unresectable melanoma

Metastatic NSCLC (PDL1)

Recurrent squamous cell carcinoma of head and neck
MSI high, all solid tumors

First line NSCLC

Urothelial carcinoma

Hodgkin lymphoma

Gastric cancer (accelerated approval)

Advanced/unresectable melanoma after ipilimumab or
BRAF inhibitor

NSCLC with progression after platinum

Metastatic renal cell carcinoma

MSI high colorectal cancer

Squamous cell carcinoma head and neck

Hodgkin lymphoma

NSCLC with progression after platinum
Urothelial carcinoma

Urothelial carcinoma
Merkel cell carcinoma (avelumab)

Society for Immunctherapy of Cancer
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To exist, tumors must evolve
mechanisms to locally disable and/or
evade the immune system.

The goal of T cell checkpoint blockade is to

make T cell “off-switches” inaccessible to
tumor cells, thus restoring tumor-specific immunity.

®© 2017 Society for Inmunotherapy of Cancer
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C) Therapeutic cancer vaccines
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Viral and bacterial-based
vaccines
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Components of a cancer vaccine

IN\J\/\UNOTHERAPYT'“‘

i Antigen ) Adjuvant ] ( Vector 1| Mode of Administration
(5 v
(J
Emulsifiers Injection
Whole tumor L
5o
Innate agonists Gene gun
Protein antigen Dendritic cells
Cytokines Systemic infusion
Antigenic peptide(s) RN Antibodies Attenuated bacteria ) Nasal spray

Society for Immunotherapy of Cancer
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O ..
NG ERAPY™ An intra-nasal HPV E6/E7: a-GalCer
vaccine slows growth of TC-1 tumors

400 ~
4 Untreated
M o-GalCer
300 A A EG6/E7 peptides
< ® Peptides + a-GalCer
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E
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. HPV E6/E7 vaccine synergize
IMMUNOTHERAPY _ _
iIn curing TC-1 tumors

|
¢ Untreated
® Vaccine

75 - A 04-1BB
M VVaccine + a4-1BB
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1 2
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D I 1 I ’ I 1
0 10 20 30 40 50
Days i
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ADVANCES IN @ Intratumoral injection of
IMMUNOTHERAPY™ Innate iImmune agonists:

The direct vaccination approach

Intratumoral DMXAA (mouse STING agonist) triggers rejection of B16 melanoma

l.{f Bresiy  (F 27 orsaline .o
i
0004 @ saline

T & DMXAA

2500

=

E

E

@

E

=

=]

-

5

5

=

Association of Community Cancer Centers

Society for Immunotherapy of Cancer

7010 14 21 17T 28 28 31 035 .
Days after innoculation of cells @ ACEE (Sﬁp
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To exist, tumors must evolve

mechanisms to locally disable and/or
evade the iImmune system.

The goal of therapeutic cancer vaccination is
to increase the immunogenicity of tumor
antigens which are poorly presented by the
tumor in order to generate a high frequency
of tumor-specific T cells.

®© 2017 Society for Inmunotherapy of Cancer
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Cancer ({ Adoptive T cell therapy can involve
IMMUNOTHERAPY™

engineered (CAR, TCAR) or patient-derived
(TIL, PBMC) T cells

CAR CAR Lymphodepleted

Tumor-binding T cells cancer patient
- | (after chemotherapy

—‘@ y_ conditioning)
=—0g"
O

Harvest PBMCs
by apheresis

TIL cell isolation TIL cell expansion

© 2017 Sociely for Immunotherapy of Cancer
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MMUNOTHERAPY*“C) T cell adoptlve transfer

CAR -

FOOOOOOOW
Loooooooooo

/

&

Targeting element
Single-chain variable fragments (scFvs)

Spacer
Transmembrane domain

Costimulatory domain
(e.g. CD28 or 4-1BB)

CD3¢
Essential signaling domain

© 2017 Sociely for Immunotherapy of Cancer
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ADVANCES IN Q Effective treatment of relapsed
B cell ALL with CD19
CAR T cell therapy

IMMUNOTHERAPY "

1.0 5
' s S e

09 *-
— 0.8 1
2 i
£ 074
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g """"""""""""""" CD3:
3 05- CD28 |CAR
o
5}

scFv
> 04+
® 03-
Q
g 0.2 4 Survival rate at 6 months,
’ 78% (95% Cl, 65-95) %
0.1 - : MHC class |
00 I 1 1 1 1 1 |

0 3 6 9 12 15 18 21 24
Months since infusion

No. of

patients 30 26 19 10 4 2 1 1 1
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The New England Journal of Medicine, 374(10): 08 ) ¥ ¥ gt G
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To exist, tumors must evolve

mechanisms to locally disable and/or
evade the iImmune system.

The goal of T cell adoptive transfer is to
win the numbers game and overwhelm
the tumor with a higher frequency of
tumor-specific T cells than it is capable
of suppressing.

®© 2017 Society for Inmunotherapy of Cancer



ADVANCES I @ Effector antibodies and
IMMUNOTHERAPY™ antibody—d rug conjugates (ADCS)

Antibody
Specific to tumor-
associated antigen

Radiolabeled or
Cytotoxic agent
Designed to kill target cells
when internalized and
released or activated

Linker
Attaches cytotoxic agent
to the antibody @
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Key ADC / antibody principles

« Specificity: The more tumor specific the target
antigen is, the higher the agent can be dosed
without limiting toxicity

* Internalization: The target tumor surface protein
must internalize to deliver the toxin - it should do
so frequently and to a suitable endosomal
compartment.

« Stability: The toxin must remain inert and
tethered to the antibody until it is delivered to

its target cell.

Society for Immunctherapy of Cancer
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IMMUNOTHERAPY™ NHL and RCC

ACHN RCC model Raji NHL model

Survival (total number of mice)
Survival (total number of mice)
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Treatments Days post tumor implant Treastment  Days post tumor implant
X Untreated QO higG239C-POB 0.3 mykg

@ hiF6239C-PDB 0.3 mokg @ higG230C-POB 01. mo/kg
B hiF6239C-PDB 0.1 mghg

Jeffrey SC et al. 2013. Bioconjug Chem. 24(7): 1256-63 }\CCC S It9

Asseciation of Community Cancer Centers
Society for Immunotherapy of Cancer
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To exist, tumors must evolve

mechanisms to locally disable and/or
evade the iImmune system.

The goal of effector antibodies is to
utilize the exquisite sensitivity of
antibodies to specifically target and Kill
tumor cells using mechanisms which are
difficult to evade or suppress.

®© 2017 Society for Inmunotherapy of Cancer
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Immune recognition
of tumor and
mobilization of anti-
tumor effectors

!

* Vaccines

* Chemotherapy

* Radiation

* ACT (CARs, TCR transfer)

®© 2017 Society for Inmunotherapy of Cancer

Removal of barriers to
immune rejection

! !

Co-inhibitory blockade
Co-stimulatory activation
Activation of APCs

Innate immune recognition

Augmentation of
tumor-specific T cells

e Tumor vascular resistance
* Desmoplastic stroma
* Hypoxic microenvironments

Society for Immun

otherapy of Cancer
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different perspective on chemotherapy

Immunogenic versus non-immunogenic cell death

\\7\—1\ Chemotherapy
IR,
\h\. @7‘
» Cell death signal
+ DNA damage
v
a
P —— Acute inflammation
. | (Excess cell damage)
0 o’ o
a ° v
DAMPs
] I ]TLR ]v

Apoptotic
tumor cell

Immune Protumorigenic Antitumor
tolerance inflammation immunity

Smoldering inflammation

+ Tumorigenicity
+ Chemoresistance

Society for Immunotherapy of Cancer
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Radiation Therapy:

A potent adjuvant for tumor immunity

IMMUNOTHERAPY™

A

Cancercell /

Translocation
°0 of calreticulin

« Vascular normalization * Novel peptides « Dying cells
« T cell infiltration + 1 Peptide pools and MTOR + Necrosis
+ 1 Adhesion molecules (ICAM-1) » Tumor killing
and death receptors (FAS) « Activation/expansion of tumor-specific
« Up-regulation of MHC-1 CD4 and CD8 T cells

« Initiate/potentiate immune responses

Low dose «E High dose

Radiation

Exploiting the untapped potential of immunogenic modulation by radiation
in combination with immunotherapy for the treatment of cancer

http:/Awvww.ncbi.nim.nih.gov/pubmed/18777956 o .
" @ - sccc Csito

Association of Cemmunity Cancer Centers

Society for Immunotherapy of Cancer
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Abscopal effect

* Localized treatment of a tumor causes/evokes
reduction of distant ones

* Immunotherapy + radiotherapy with targeted
immunomodulators and immune checkpoint
blockade is intended to elicit the abscopal effect.

®© 2017 Society for Inmunotherapy of Cancer
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Radiotherapy synergizes with blockade
of CTLA-4 and PD-1 to cure melanoma
lung metastases

B16-F10
1.0 1.0 &
4 Control A RT + Anti-CTLA-4
®RT @® PD-1

_  0.8- 0.8 -
;s B Anti-CTLA-4 ORT + PD-1
E A RT + Anti-CTLA-4 B Anti-CTLA-4 + PD-1

0.6 : 0.6
3 .6 -0 7 € RT + Anti-CTLA-4 + PD-1
e
o -
£ 044 0.4 -
(o]
o
o
Q. 0.2- 0.2 4 A

P < 0.001 P < 0.001
0-0 T T T 1 0-0 T .l .I T T 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Days Days

Victor CT, Rech A, Maity A, Rengan R, Pauken K, Stelekati E, Benci J, Xu B, Dada H, Odorizzi P, et al. 2015.

Radiation and dual checkpoint blockade activate non-redundant immune mechanisms in cancer. (:
@ Acce  Csitc >

Nature. 520: 373-377.

© 2017 Sociely for Immunotherapy of Cancer
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* Inhibits dendritic
cell maturation
and antigen
presentation

* Impedes
migration of
lymphocytes
across
endothelium
into tumor
deposits

* Promotes
accumulation of
MDSC, TAM, Treg

© 2017 Sociely for Immunotherapy of Cancer

Targeted therapy combinations

Angiogenesis

&Trafﬁcking :
y} Effector function
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4100
1 ROS
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”’
,
’

k’*

Maturation

/' \ urati
/’,,

f Differentiation
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4 Number

¢ Number
Function
(T-cell priming)
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Kumar & Gabrilovich, Immunology 1996



ADVANCES IN Axitinib plus pembrolizumab for

untreated RCC

IMMUNOTHERAPY™

A

o 100- ! [ Complete response
= 2 | [ Partial response
= 0 l .

4 | [ Stable disease

'g 60 | [ Progressive disease
2 40- i @ Indeterminate®

o |

w20 i
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Patients

Atkins et al, Lancet Oncol 2018. ADQQ (Slt9
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Why combination
immunotherapy is the future?

More consistent benefit for a larger percentage of patients
with a wide range of cancer types

Long-term survival with checkpoint blockade

100

80 +

60 -

40 -

Percent survival

20 -

4 Chemotherapy
A Targeted or vaccine therapy
I Checkpoint blockade

@ Checkpoint combinations

© 2017 Sociely for Immunotherapy of Cancer
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Immunobiomarkers? Chemotherapy
Genetic mutational

A future precision medicine approach?

burden +

IHC for MSI

PD-L1 expression Ch_egkpo|nt :
Immunosignature Inhibitor(s) R
Hot vs. Cold + eC point
tumors Inh!bltor
Radiation maintenance

© 2017 Sociely for Immunotherapy of Cancer
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VIMUNOTHERAPY™ A future precision medicine approach?

Immunobiomarkers? EEEI{s[s](sl0 + Checkpoint

Genetic mutational therapy Inhibitor(s)
burden

IHC for MSI ”

PD-L1 expression

Immunosignature surgery

Hot vs. Cold
tumors

Checkpoint Inhibitor
maintenance

© 2017 Sociely for Immunotherapy of Cancer
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Immunobiomarkers?
Genetic mutational
burden
IHC for MSI
PD-L1 expression

A future precision medicine approach?

Chemotherapy

Checkpoint + Customized
Inhibitor(s) Vaccine

Immunosignature

Hot vs. Cold
tumors O R

TCR/ICAR T cells

© 2017 Sociely for Immunotherapy of Cancer
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C\) Conclusions and Take-Homes

IMMUNOTHERAPY™

* Anti-tumor immunity is complex and challenges
remain due to tumor and patient heterogeneity,
and the multiple layers of immunosuppression

* We need to improve our understanding of hot and
cold tumors, and use this to evolve
immunotherapy recommendations for individual
cancers and individual patients

* The majority of cancers are likely to require
combination approaches for best outcomes

Thank you!

b.wilky@med.miami.edu —eee G
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