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IMMUNOTHERAPY™

« Consulting Fees: Ariagen, Nektar

« Contracted Research: Pfizer, Nektar

| will not be discussing non-FDA approved indications during my
presentation.
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2o ©) The Premise of Cancer
IMMUNOTHERAPY I mmun Ot h era py

* Normally, the immune system eliminates damaged cells, including
precancerous and cancer cells

* To escape, tumors evolve mechanisms to locally disable the immune
system.

The goal of immunotherapy is to restore the capacity of the immune
system to recognize and eliminate cancer.
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ADVANCESN@ Two major mechanisms of tumor
IMAMUNOTHERAPY ™ immune esca pe

* Render the immune response dysfunctional: cytotoxic (CD8+) T cells often
become dysfunctional or exhausted during chronic stimulation (chronic
viral responses or responses against tumors). To enhance T cell
dysfunction, the tumor microenvironment upregulates a suite of
suppressive molecules.

* Avoiding an immune response: A state in which the tumor remains
invisible to the immune system. Many features of tumors can result in
immune exclusion/avoidance including lack of antigens (T cells don’t “see”
anything on the tumor) or active immune repellents.
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ADVANCES IN
Cancer /@

IMMUNOTHERAPY™

T cell-inflamed tumor microenvironment

PD-L1 upregulation IDO upregulation

ERN)

Treg recruitment Loss of antigen expression
@ Effector T cell * cDC D¢ Macrophage pepticlte-MHC
‘ Tumor cell @ Dysfunctional T cell complex
@ Regulatory T cell ,# CD8w/CD103°DC | PD-L1 @ Po

Spranger et al., STM 2013
Spranger, Internat Immunol. 2016
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Immune evasion

Non-T cell-inflamed tumor microenvironment

Lack of innate
immune recognition

Alterations of the tumor
microenvironment

T cells
Paet 2

Patient

* CD8wCD103" DC

Lack of effector
T cell recruitment
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ADVANCESN@ Initiation of an anti-tumor immune
IMMUNOTHERAPY™ res p O n Se

Innate immune sensing (i.e. Sting activation)

Type | IFN

APC maturation
&
Transport to lymph node
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ADVANCESN@ Initiation of an anti-tumor immune
IMMUNOTHERAPY™ res p O n Se

Innate immune sensing (i.e. Sting activation)

APC maturation
&
Transport to lymph node

Cytotoxic T cell activation QAAEM ——xccc &> HOPA Csitc >

Modified from Corrales et al. Cell Res. 2017 B A e
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EDUANCES @ Antigen-specific T cell Activation

IMMUNOTHERAPY™

Signal 1 Signal 2 Signal 3

Normal cells Only special cells like

can't activate T cells DCs can give the “all clear”
2nd signal to T cells
AAEM o itc
Image courtesy of NCI g?fm‘“"m“ r\JJJ @ »I:I“mg”Eﬁ ﬁt—:),c el
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ADVANCESN@ Initiation of an anti-tumor immune
IMMUNOTHERAPY™ reS p O n Se

Innate immune sensing (i.e. Sting activation)

T cell recruitment

APC maturation
&
Transport to lymph node

Cytotoxic T cell activation QAAEM HOPA Csitc »
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’E:D\é’i“ﬁ‘?se?@ Immune evasion occurs over time

IMMUNOTHERAPY™

Primary tumor

Innate evasion

No immune editing

Evasion by
excluding T cells

Mixed phenotype

Y,
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Adaptive evasion

Adaptive immune
resistance

Builipa aunwwyj

Evasion in the

presence of T cells

o Immunogenic tumor cell @ Nonimmunogenic tumor cell
@ Immune-excluding tumor cell ‘ Tcell [][] PD-L1

Spranger, AR Cancer 2018
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ADVANCES @ Tgell inflamed tumqr microenvironment
IS iIimmune suppressive

IMMUNOTHERAPY™

T cell-inflamed tumor microenvironment

PD-L1 upregulation IDO upregulation

T cell-inflamed tumors escape by
suppressing T cell function

@ Effector T cell DC D¢ Macrophage ' peptide-MHC
GTumor cell @ Dysfunctional T cell * : complex
@ Reguiatory T cell %& CD8/CD103' DC | PD-L1 PD-1
Treg recruitment Loss of antigen expression AAEM -
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ADVANCES @ Tgell inflamed tumc?r microenvironment
IS iIimmune suppressive

IMMUNOTHERAPY™

T cell-inflamed tumor microenvironment

PD-L1 upregulation IDO upregulation

T cell-inflamed tumors escape by
suppressing T cell function

Non-T cell-inflamed tumors are a result of a
malfunctioning cancer immune cycle

’ . Effector T cell cDC * Macrophage q peptide-MHC
Tumor cell @ Dysfunctional T cell * complex
- @ Regulatory Tcell 4 CD8a/CD103DC | PD-L1 0 Po-1
Treg recruitment Loss of antigen expression - -
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ADVANCESN@ Types of Immunotherapy

IMMUNOTHERAPY™

* Checkpoint blockade immunotherapy
* Cancer vaccines

* Adoptive cell transfer

* Effector antibodies

* |Innate Immune activation
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Cancer ©)  The CTLA-4 Checkpoint

IMMUNOTHERAPY™

0 hr 0-24 hr 24-48 hr

Cytotoxic T-Lymphocyte P
Associated Protein 4 /éign"anan'd'% (

| lT cell is
actlvated

Up-regulated in responseto T /&Em \mﬁﬂl/

cell activation gl
T cell makes
CTLA-4
DC

Limits positive stimulation by
competition

Signal 2 Stop signal,

“all clear” cell cycle arrest

Image courtesy of NCI g%AEN ACLC @ HO PA (FS—I_IEE)
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“oncer ©)  The PD-1/PD-L1 Checkpoint

IMMUNOTHERAPY™
Programmed Death 1

Up-regulated in response to T
cell activation

Ligands PD-L1 and PD-L2 are
up-regulated following
inflammation (IFNy) T cell

AAEM Yoo Csi
Image courtesy of NCI g“ﬁh"" - A ——— @ qupfA - t—:E)w
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ADVANCESN@ Checkpoint blockade therapy
unleashes the “brakes” on T cells

Activation

T cell

CD28

Goal: to reduce immune inhibitory signals and/or
enhance stimulatory signals to allow T cells to regain

effector functions. | |
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ADVANCESN@ Checkpoint blockade therapy
unleashes the “brakes” on T cells

Activation Inhibition
CTLA-4 or PD-1

V&%
Tcell% ) T cell 4

CD28

Goal: to reduce immune inhibitory signals and/or
enhance stimulatory signals to allow T cells to regain

effector functions. | |
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ADVANCESN@ Checkpoint blockade therapy
unleashes the “brakes” on T cells

Activation Inhibition Re-Activation
CTLA-4 or PD-1

T cell 2 T cell = >
T cell
CD28

Goal: to reduce immune inhibitory signals and/or
enhance stimulatory signals to allow T cells to regain
effector functions.

EMERGENCY MEDICINE ki Hemabalagw'Dncology
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Cancer ©) T Cell Checkpoint Modulation

IMMUNOTHERAPY™

Activating Inhibitory

receptors receptors
3 N
CD28 PD-L1

* First generation of . g
checkpoint modulation: & Jj\%

blocking inhibitory Agonist _ °% T cell %@BM | Blocking

. antibody — — antibody

checkpoints
HVEM f; /\é LAG-3
1 . MHcTrIrI\::-;/ 7
* Second generation of complex
checkpoint modulation: Dendrit
. . . en.drltlc cell  cpao

activating stimulatory co-stimulatory { |

. receptors | 4-1BB
checkpoints

Image courtesy of NCI q”ﬁ""ﬁég‘m FANE(=(= @ HO PA (Eltg)
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eNCES N @ Therapeutic Cancer Vaccines

IMMUNOTHERAPY™

Therapeutic cancer vaccines

Goal: to increase the
immunogenicity of tumor
antigens in order to

ge ne rate d h Igh . freq uen Cy Viral ad bacterial-based
of tumor-specific T cells. vaccines
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ADVANCES ) Adoptive Cell Therapy

IMMUNOTHERAPY™

Goal: overwhelm the Tl Pl °d
. . atient wn | % 5 conditionin

tumor with a higher : e— > J\ ’

frequency of tumor- ”3?;3%521”.? acIvZ‘i!Ln ke e

specificimmune cells
and/or engineer
immune cells to
target cancer.

|
&
_/
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Transduction 5

Excise
tumor mass

Infusion

: B ( \\
Cancer cell ' \_, \ T \ =
= 3 ——p \);
o\ \t"/l
}y /" >
A
TIL cell isolation TIL cell expansion

Image courtesy of NCI
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ADVANCES IN (-j)
IMMUNOTHERAPY™

Goal: specifically
target and kill tumor
cells using innate
mechanisms which are
difficult to evade or
suppress and/or
through delivery of
cytotoxic agents

Image courtesy of NCI
© 2019-2020 Society for Immunotherapy of Cancer

Effector Antibodies and Antibody-
Drug Conjugates (ADCs)

Effector antibodies and antibody-drug conjugates

~

Antibody
Specific to tumor-
associated antigen

N ' / Cytotoxic agent
= Designed to kill target cells
when internalized and
o_ released/activated

o= e
L3 L3 Linker
Attaches cytotoxic agent
to the antibody
J
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IMMUNOTHERAPY™

Goal: enhance innate
immune sensing by
providing stimulatory
agents (frequently
into the tumor itself)

Corrales, Clin Can Res 2015
© 2019-2020 Society for Immunotherapy of Cancer

@ Innate immune activation

ecruitment of Noot:
Ag-specific T cells @’
into the tumor Blood r‘

© 2015 Ameri

@ Ag-specific T-cell
prolifertation

P

" STING agonists

CCR Molecular Pathways

Agents:
Sting agonists
TLR agonists

Immunogenic RNA
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Concer ©)  Oncolytic Viruses  *i°

IMMUNOTHERAPY™

Goal: specifically target and
kill tumor cells through viral
replication AND release
innate immune activators and
tumor antigens

Modified from Bommereddy et al. JCI 2018
© 2019-2020 Society for Immunotherapy of Cancer

OVs ii
Tumor cell death,
release of tumor/viral
antigens and danger

signals

iii
Enhanced tumor
and viral antigen
presentation by DCs

Type 1 IFNs,
DAMPs/PAMPs,

iv
Enhanced T cell

priming and activation
in regional lymph nodes

vi
/T cell-mediated

tumor Killing at local
injection site

Enhanced T cell
infiltration at injected
tumors
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@ Multi-layered Immunosuppression

IMMUNOTHERAPY™

* Tumors insulate themselves with dense
layers of immune-suppression

e Overcoming the many layers of
interconnected and often functionally
redundant immune suppressive
mechanisms represents a daunting
challenge for tumor-specific T cells

* Immunotherapy can “peel back” the

layers of local immune suppression

* Combination therapy might be needed
to overcome all layers

QAAEM ——ixccc &HOPA Csitc
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ADVANICES @ Combination Immunotherapies
Dual CTLA-4 and PD-1 inhibition

IMMUNOTHERAPY™
100-g2 Combining two checkpoint blockade agents
a0 -
£ 80-
-g 70+
g €0 58% Nivolumab plus ipilimumab
m ]
o 504 : wiamaRet. Nivolumab
3 04 :
w 1
4 i - waapo |pilimumab
§ | 34%
5 20- :
10-
0 I I I I I I I I | I I I I I I 1
0 3 6 9 12 15 18 21 24 27 30 i3 36 39 42 45 48
Months
Wolchok et al., NEJM 2017 Q%AEN : }\(; “C @ HQPA f‘%ﬁi
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“ancer ©)  Combination Immunotherapies

IMMUNOTHERAPY™

% K
N (’\\é\ & S B Approved
o LT o &

S P @ 5O & Synergy
AR \&é&(b ’5@(\0' & S (to be tested)
PPN P $ T ECE . "
Checkpoint blockade therapy (inhibitors) . . Ot Synergistic

Adoptive cell therapy
Vaccines Support T cell function

Cytokines :.

Checkpoint blockade therapy (stimulatory)
Innate immune agonists
Oncolytic virus

Targeted thera
g Py Induce tumor cell death

Radiation
Chemotherapy .
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ADVANCESN@ Immunotherapy Biomarkers

Immune Control of Tumor j

IMMUNOTHERAPY™

3 N
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Tumor ) [T Cell Location [PD-LlIHC][ Tumor J

Mutation |, — Inflammation
Load TCR Repertoire

AAEM Nooo Csit
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@ Assessment of response

Baseline Week 10 Week 18

IMMUNOTHERAPY™

Accc HOPA Csite

Chae, Oncotarget 2017.
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@) Many possible imaging findings

ADVANCES IN
IMMUNOTHERAPY™
Stable Disease Partial Response
Baseline Timepoint 1 Timepoint 2 Baseline Timepoint 1 Timepoint 2
* ‘.‘ & s L ~
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Disease Progression
Baseline Timepoint 1

Baseline
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Complete Response
Timepoint 1
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Baseline
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Timepoint 1
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Wang, RadioGraphics 2017.
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“ohee ©)  Many possible imaging findings

IMMUNOTHERAPY™

Pseudoprogression: Appearance of New Lesions Pseudoprogression: Growth of Pre-Existing Lesions

Baseline Timepoint 1 Timepoint 2 Baseline Timepoint 1 Timepoint 2

§

HElS

$
Juswieal |
ums.

luawnesl |

uuuuuuuuuuuuuu
EMERGENCY MEDICING
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Wang, RadioGraphics 2017.
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ADVANCES IN @
IMMUNOTHERAPY™

Assessment of response — unique
considerations for immunotherapy
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Wang, RadioGraphics 2017.
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EEVANCES© Comparison of disease progression by
conventional and immune-related criteria

IMMUNOTHERAPY™

Treatment Response RECIST 1.1 irRC
>20% increase in lesion sum* i )
.. >25% increase in tumor burden*
. . (absolute size increase =5 mm) or . .
Progressive disease ) . versus nadir in two consecutive
1+ new lesions at any single :
. observations 24 weeks apart
observation
] Always represent progressive ) )
New measurable lesions* Y pdiseasep 8 Incorporated into disease burden

Considered equivocal; followed at : :
g Does not define progression but

New non-measurable lesions future examinations to clarify
precludes complete response

whether it is truly new disease
Wang, RadioGraphics 2017.

*Sum of lesion diameters: sum of the longest diameter in the plane of measurement for non-nodal
target lesions and short-axis diameter for target nodal lesions.

*Based on the sum of the products of the two largest perpendicular diameters of all index lesions. ) B
QAAEM ——xccc gHOPA Csitc>

#Measurable lesion for RECIST1.1 is 210mm at CT; irRC is 210x10mm at CT. Smaller lesionsare ~ BZAALCNM

considered non-measurable.
© 2019-2020 Society for Inmunotherapy of Cancer
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e When to stop immunotherapy:
@ Checkmate 153

IMMUNOTHERAPY™

Key eligibility

criteria:

+ Advanced/
metastatic NSCLC Nivolumab
therapy= Treatment for

+ ECOGPS 0-2 1 year®

Nivolumab
*» Treated CNS .
metastases Stop nivolumab retreatn:gtn allowed

allowed

Continuous nivolumab

Exploratory endpoints®: Safety/efficacy® with continuous vs 1-year treatment, efficacy, other (eg, biomarkers, PK)

QAAEN ——xccc g HOPA

Spigel, Ann Oncol 2017. o AL
© 2019-2020 Society for Immunotherapy of Cancer
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e When to stop immunotherapy:
@ Checkmate 153

IMMUNOTHERAPY™

Median, Months T > Rate, %
{95% C1) 6-Month 1-Year
Continuous bt HR [(NR) 80 65

1-year tx® 10.3 (6.4, 15.2) 69 40
HR: 0.42 (95% CI: 0.25, 0.71)

Conclusion: >1 year of
20 treatment may be

0 necessary

0 3 6 9 12 1‘:5 ‘iB 2r1 21'-|I
Number at risk Time Post-Randomization, Months
Continuous tx 76 60 a3 49 35 22 10 3 0
1yeartx 87 50 43 33 21 16 5 1 0
gAAE M
Spigel, Ann Oncol 2017. :
© 2019-2020 Society for Immunotherapy of Cancer

.
A % 2
e HOPA Csitc
nnnnnnnnnnnnnnnn _r\!n - r_ﬂ' rJ @ I
FMERGENCY MEDICINE Hemaka gy Cincodogy _
M g e s Sty Pharmats Adatciaton Souacy o I of Coscer



(-Fs-i t;_) Soclety for Immunc

wmcssn —~  When to stop immunotherapy:
@ KEYNOTE-006

IMMUNOTHERAPY™

* Pembrolizumab 10 mg/kg Q2W or Q3W or ipilimumab 3 mg/kg Q3W
for 4 doses

* Could stay on pembrolizumab for up to 2 years

e Of patients who completed 2 y pembro treatment, 86% did not
progress after 20 months follow-up

* More responders with pembrolizumab, but duration of response was
similar for pembrolizumab and ipilimumab
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ovcten When to stop immunotherapy:
@ KEYNOTE-001

IMMUNOTHERAPY™

* 16% of patients achieved complete response

* Disease-free survival at 24 months after complete response:
* In all CR patients: 90.9%
* In patients who discontinued cancer therapy: 89.9%

1004 1004
= 90 = 90+
T 80 - = 80
> > 1
‘2 701 S 704
& 60 - & 60
@ 50 4 o 50
b} b}
T 40 40
S 30- D 30
e 20 ® 20
R% 2
5 10- 5 101
0 6 12 18 24 30 36 42 48 54 0 6 12 18 24 30 36 42 48
Time Since Achieving CR (months) Time Since Stopping Therapy (months)
No. at risk: No. at risk:
All patients 105 97 90 70 63 38 18 9 3 0 All patients 89 75 56 42 26 12 5 1 0

QAAEM ——xcec &HOPA Csitc

Robert, J Clin Oncol 2018.
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ADVANCESN“@” When to stop immunotherapy:
clinical measures

IMMUNOTHERAPY™

* PET-based metabolic response
* Metabolic response may precede anatomical changes on CT or MRI

e Achievement of CR

QAAEM —ccc g HOPA Citc>
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ADVANCES IN @ Further Resources

MMUNOTHERAPY™

CANCER
IMMUNOTHERAPY
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LISA H. BUTTERFIELD
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