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e Research Funding: Merck, Pfizer, Agenus
e Other Consulting: Agenus, Lilly, Janssen, Novartis

* | will be discussing non-FDA approved indications during my
presentation.
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ADVANCES@ Overview — The Future of Immunotherapy
. Frontier #1 — Better Biomarkers!
. Frontier #2 — Better Preclinical Testing!

. Frontier #3 — Novel Targets and Novel
Combinations

Precision Immunotherapy as the Ultimate Goal
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ADVANCES @ Where we’ve been today ...

IMMUNOTHERAPY™
L I;alzfgiﬂ?mcgrs P rO d LI C e
(CTLs) .
| suppressive

Promote immature,

. Priming and activation
suppressive DCs (PCa B Toole) (3
and macrophages

cytokines that
prevent migration
Infiltration of T cells and |nf||trat|0n

into tumors
(CTLs, endothelial cells)

Cancer antigen
presentation @
(dendritic cells/ APCs)

cancer cells by T cells
(CTLs, cancer cells)

: : Express
Loss o neoantigens @ @ Checkpoint
cancer cell antigens Killing of cancer cells .
(cancer cell death) (Immune and cancer cells) p rOte INS
Chen & Mellman, Immunity, 2013 A AEM ;-\C,. e @1}9

Society for Immunotherapy of Cancer

© 2018-2019 Scciety for Immunatherapy of Cancer



(’—S—itg) Sodlety for Immunotherapy of Cancer

2 0) Strategies for Immunotherapy
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Tumor-specific antigens that can be Vaccines, Chemotherapy/Radiation, Oncolytic Viruses,
recognized by the immune system Epigenetic Agents, Vicrobiome
Effective antigen presentation/recognition Macrophage/DC Polarizing Agents, Oncolytic Viruses,

Innate Immunity Enhancers

Antigen-specific T cell production Adoptive T Cell Therapy, Autologous TIL engineering,
selection and expansion

Improve T cell migration into the tumors Microenvironment (TKI & Cytokine Inhibitors/Inducers,
Chemotherapy, Radiation, Oncolytic Viruses), CTLA-4,
Dual Checkpoint/TGF-f3 traps

ﬂ T cells are activated rather than suppressed Stimulatory Agonists, Engineered T cells, Metabolic
Therapies, Microbiome, Bispecific Antibodies

Checkpoint inhibitors, anti-T-regulatory cells, Dual
Immunomodulators

Adapted from Jedd Wolchok and others I .
Wilky & Goldberg, Discov Med, 2017 AAEM r\QQ(J (311:-9
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Hot (inflamed) tumor Cold (excluded) tumor Cold (ignored) tumor

e HOT (inflamed) — active
immune response but
suppressed.

e COLD — (excluded). Immune
response is limited by
microenvironmental factors

e COLD — (ignored or desert).
No recognition of the tumor
as foreign by immune
system.

Van der Woode et al, Trends Cancer 2017
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Response

High tumor mutational burden
Checkpoint protein expression
(PD-L1)

High quantities of infiltrating CD8+
T cells

Low circulating
neutrophil:lymphocyte ratio

Higher diversity of gut microbiomes

High expression of immune-related
genes (Tumor Inflammation
immunosignature)

Sharma et al, Cell 2017
Jenkins et al, Annu Rev Med 2018
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to Checkpoint Inhibitors

Lack of T cell infiltration Refining PD-L1 antibody precision
High quantities of T-regs, TAMs,
MDSCs Biomarkers for CTLA-4 response

Expression of alternative

checkpoint proteins . : :
Neoantigen signatures superior to

associated fibroblasts)
Implementing new technologies to

High suppressive cytokines (VEGF, _ _ ,
assess immune microenvironment

cofactors, IL-6, TGF-3)

Genetic mutations (JAK 1/2, PTEN Statistical models to incorporate
loss, B-catenin/Wnt signaling) multiple biomarkers



(gitf) Sodlety for Immunotherapy of Cancer

ADVANCES IN
@

Frontier

1 — Improving Biomarkers

IMMUNOTHERAPY™
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5874671/pdf/biomedicines-06-00014.pdf
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ADVANICES O Preclinical models for cancer drug development
IMMUNOTHERAPY ™ C)

Syngeneic/Transgenic mouse models

Mouse immune system and tumors — need mouse-specific
antibodies

True metastasns

y °°°\ _’@C\“

' Primary xenograft Secondary xenograft

Carcinogen-driven tumors - grafts

A
4

ﬂf? S

Prlmar) culture Tumor upon injection

Cell engmeermg

W
W« ks

Human cancer xenografts
Requires mice lacking T cells, B cells and NK cells
Human tumors rejected as foreign by mouse immune

systems

Buque et al, Trends Cancer 2018
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ADVANCES IN @ Humanized mouse models for immunotherapy
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Limitations
e  Varying degrees of human
il Immune system reconstltutlon/
'Umbilical cord blood Isolated CD34+ components (Chimeras)
hematopoietic stem
cells

. [patientderived | * EXpense and time to create
tumor (PDX) individualized models

Injection of
CD34+ cells

NSG mouse Humanised Humanised NSG
NSG mouse mouse with PDX
Tratar et al, Front Oncol 2018 YAAEM ACEE 6@9
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* Organoids from patient tumors co- Fluorescence
oot monooves | CUItUred with peripheral blood

lL i J ) \ \
V(— 84, . 88, %
CRC - © o A

\,// > e Can stimulate expansion of tumor-

NSCLC

Expansion of tumor-reactive T cells

- Ltk W9 specific T cells that kill tumor cells.

Tumor-reactive T cells recognize and
kill autologous tumor organoids

0s? A Organo:d Tissue

Tumor-reactive T cells ignore

autologous healthy organoids NSCLC-1
NSCLC-5 E A

Dijkstra et al, Cell 2018 o °~ i
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* Enormous funding invested in immuno-oncology drug development
* High costs of therapies, particularly adoptive cellular therapies
* Improved preclinical methods may increase yield of clinical trials

* We need to understand mechanisms and biomarkers for optimal
trial design and patient selection

* Prior limitations to study of immune system in preclinical setting are
being overcome

i

unotherapy of Canoer
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https://www.researchgate.net/publication/321680036, May 2018
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The next wave 10 drug development target landscape
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ADVANCES @ The Age of Immunotherapy Combinations
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* Combinations target more than
one step in the immune evasion
cascade with checkpoint inhibitors
as the backbone

* Target Neoantigen +
Microenvironment + T-cell
activation

* Bypass with adoptive cellular
therapies but issues with toxicity,
persistence particularly in solid
tumors

il ssexhalion of Comemurity Cancer Canbers

© 2018-2019 Sociely for Inmunciherapy of Cancer Tang et al, Annals OnCOI, 2018 S —— Nt
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ovcten @ Designing Therapies with Broader Impact
IMMUNOTHERAPY™ Adenosine Inhibition + PD-L1

* Immune suppression of T cells, DCs, and
ﬁ ATP AMP . Adenosine -,  NKsthrough activation of A, R and A, R

CD39 even in presence of anti-PD-L1 blockade
CD73 * Increased tumor angiogenesis,

Hypoxia ) . .
proliferation, progression

Inflammation

TGF- PD-L1 umor
B Proliferation cell DC/Tumor
PD-11 cell

Genetic drivers
IFN-v
IL-2
GzB

™ CD73
expression in
many solid tumors

, A,.R antagonist ~*"
Activation Inactivation @ _’g

(N
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Tan et al, SITC 2017, Poster 494
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ADIANCES s 2 Designing Dynamic Duos

IMMUNOTHERAPY™ . BiSpECifiC Antibodies Table 1

Clinical trials of bispecific antibodies

Name Target Disease Trial Developer
’:?;_-QTUW-OM T-cell BiTE (bispecific T-cell engager): T-cell retargeting
Rkl
Blinatumomab, CD19 + Acute lymphoblastic Approved53  Amgen
a +»-CTLA4-TG FBR"ecd AMG103, cD3 leukemia
® M7
\tﬁ Solitomab, EpCAM + Lung, gastric, colorectal,  Phase I Amgen
Q@@ AMGL10, CD3 breast, prostate, and (completed)53
el MT110 ovarian cancer
o& AMGI111, CEA + CD3  Gastrointestinal Phase [ Amgen
MTI11, adenocarcinomas (completed)53
MEDIS565
\ F( ab)2 Pasotuxizumab, PSMA + Prostate cancer Phase 113 Bayer
AMGI112, CD3
MTI112
Fo Y AMG330 CD33 + Acute myeloid leukemia  Phase 151 Amgen
CD3
AMG420, BCMA + Multiple myeloma Phase 16 Amgen,
BI836909 CD3 Boehringer
Ingelheim
Quadroma, Triomab: T-cell recruitment
TGFB receptor Catumaxomab  EpCAM+  Malignant ascites Approved51  Fresenius, Trion
ectodomain 2
(TGF‘}RI lecd) Y Ertumaxomab HER2 + Breast cancer Phase 112 Fresenius
CD3
———— FBTAO05 CD20 + B-cell lymphoma Phase I/II13  Fresenius
TGFS binding CD3
DART (dual-affinity retargeting): retargeting of T cells to tumors
PF06671008 P-cadherin + Solid tumors Phase 16 MacroGenics,
. CD3 Pfizer
Dahlen et al, Ther Adv Vaccines Immunother 2018 g LT T I 1L
L, S assexciation of Cormemeity Conces Centers

© 2018-2019 Sociely for Immunctherapy of Cancer Ravi et al, Nature Comm 2018 Sociecy for Imenunatherapy of Cancer



e e Enhancing global immune stimulation
Cancer @ by targeting the gut microbiome
A B
* Induction of T cell responses — ) £0003
against microbial antigens, ? ﬁm. ) gE . -
Cross-reactivity against tumor- A I . %-E 2 -
specific antigens % J %= |3
4 ™ EF ﬂ
* Engage pattern recognition R NR R
receptors that mediate pro-
immune or anti-inflammatory  Fecal microbiota transplants?
effects * Avoiding antibiotic therapy during
* Generating small metabolites immune checkpoint blockade
with systemic effects * Selecting beneficial probiotics?
Zitvogel et al, Science 2018 S o
Matson et al, Science 2018 ‘?AAEM LAl h(a}i)
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* Cancer microenvironment
suppresses T cell
metabolism, limiting
efficacy

* Hypoxic TMA

* Preferential glycolysis ->
lactate accumulation
(Warburg effect)

* Nutrient deprivation from
high metabolic rate in cancer
and poor vasculature

* ARG1 and IDO induced
amino acid deprivation

Le Bourgeois et al, Front Oncol 2018
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Tumor Microenvironment

Essential Nutrient deprivation
.................................... 1~mrx R

W) 1 Apoptosis
J Teff function

{ VGlucose
: 4 Glutamine

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Amino Acid depletion

4 Trp, Arg e Moy

---------------------------------------------------------------

Oxygen changes
: ¥ Oxygen [Hypoxia) 4 FoxP3 expression :
‘ + OXPHOS 4 PD-L1on cancer cells
PH regulating metabolites
N.mm‘ ...... sz,
1 Macrophage ARG1
Acidification: Ml — 1 M2 polarization
= 4 MDSC generation -
Co-inhibitory receptors
3 J Teff and CTL function B
4 Co-inhibitory 1 Treg generation
receptors I M2 MF generation

& Tcell activation  :

q AHEEICAN ACADEHY OF
EMERGEMCY HMEDICINE

Targeting T cell Metabolism

i

Immune cell effect d

...................

(810
TCell. T Cell
s, (oheoyss)
Suppression of function

Differentiation to immunosuppressive cells

Csite >
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Targeting T cell Metabolism

COMPARTMENT THERAPY METABOLISM IMPACT RELATED IMMUNE IMPACT d ® Pote nt i ad | Syn e rgy
Targeting lactate transporters | Reduce lactate intumor cells | Increase T cell activation and cytotoxic activity \\Y) | t h C h eC k p O | N t
Scsic Cane tuet T coe HIF1 activation Enm:rm: ond Promote T cell effector functions b I O C ka d e’
P-1.blocking antbodies Relovigorate T col function chemotherapies,
Increase T cell glycolysis .
Use of 112 during ATl process Maloesi proferstive bty end efector targeted therapies
AMPK inhibitors Decrease FA metabolism Promote Thl and Th17 differentiation ° M .
T colls mTOR inhibitors Decrease glycolysis Promote T memory cell differentiation ay Im prove
Componds promting 1| Ganrt e o it | cmalogesty nd i o svwosdt| PEFSISTENCE of
catabolism Is cells .
——T e — e adoptlye cellular
s i therapies
Use of IL-15 or IL-7 during ATI Promote mitochondrial Increase T memory cells differentlation and
process metabolism longevity in vivo
T™E AMPK acdvau:;l (eg r crasss callolar FA : "”1 Increase CD8" T cell recm:;:m and memory
Le Bourgeois et al, Front Oncol 2018 QAAEM ACCE GTE)
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" a cp19
e therapies Wi
GD2
344 cellular therapies in development NY~E§§;§
in the US, 203 in China e B
Next-gen CAR-T strategies tgg;j;j
e CAR-T * Bispecific CAR-T CE)EEE
* Engineered TCR (CD19/CD20, é» Wh
. Autol cculating T CD19/CD22, g oo
utologous circulating CD19/BCMA) D38
cells targeting TAA/TSA MuC1
° Autologous TIL ¢ Unlversal CAR'T (nO MHC EPC//\ALI\': =$CAI§1T
1 1 MAGE-A3
- Ensineeee T el restriction) D BTANT5A targeted auto T
(CRISPR, y3 T cells) * Suicide switches W el cellisshnoleay
* NK directed therapies (apoptosis in CARs in St e
. Other setting of self-reactivity) 0 20 40 6 80 100
Number of active cell therapi
(macrophages/stem cells) . oo eapfs
Le Bourgeois et al, Front Oncol 2018 YAAEM Nooo @E’)
June et al Science 2018 e e Sociaty for Inavamothassgy of Cancer
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ADVANCES i @ Autologous TIL therapy
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4Infuston
* Strategies >
* Selecting tumor-specific antigen | = .
clones for expansion (Rosenberg) o e iy Asss:
* Combination with checkpoint > 88aae )
P~ v/ ® 0000/
blockade and oncolytic viruses \ A ~
O /o ®e\ T
* Ongoing clinical trials in numerous Pt 20000
solid tumors N Sadse
* Technologies likely to impact " sesse o
include more rapid TCR sequencing Ceen) ST

and antigen prediction algorithms

QYAAEM =——xcco  Csitc >

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

© 2018-2019 Scx:ic:h}f for J|rlrnum':ull‘.mc'q:'}f of Cancer



("S—it(_:‘) SC(H:‘I,’:.' for Imrruﬂo[hc.'.lp:,n of

ADVANCESN@ Antigen Prediction and Customized Vaccines
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* Combinations with checkpoint blockade
* Trials exploring adjuvant and metastatic settings
* Affordability and time to manufacture

‘

L1 D
HDJENI H BY I D]

> g—>b
M i —_—
e 124 1S Uva
>< ™ 24 PR ol )
N/ NG NS N NN J_U_U_U_H_‘u
Diagnosis Comparative sequencing Target prioritization Administration
Biosample acquisition Mutation identification Vaccine design and production of vaccine

QAAEM =——xcce  Csitc >
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* Hundreds of novel drug, targets and technologies — how do we
rationally prioritize?

* One size does not fit all for solid tumors

* Engineered TIL may ultimately be more effective strategy for solid
tumors than CAR-T, difficulty with targets with manageable
therapeutic index with normal tissue

* Metabolism will likely play a key role in the next wave of immune
modulatory therapy
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Genetic mutational burden
Neoantigen signature

IHC for MSI

PD-L1 expression
Immunosignature

Hot vs. Cold tumors

Antigen Prediction

TCR sequencing/clonality
Multiparameter
microenvironment
Avatars and organoids

© 2018-2019 Society for Immunctherapy of Cancer

Chemotherapy
+

Targeted therapy
(including BITEs, ADC)

R
Surgery

+

Radiation
I ‘ engineered TILs

Immunomodulator(s)

The Future: Precision Immunotherapy?

Consolidation

Engineered TCR/
CAR-T cells

or

Autologous

or

Customized Vaccine

and/or

Checkpoint Inhibitor
maintenance

EMERGENCY MEDICINE
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Thank you and Questions!

Breelyn Wilky, MD
University of Colorado Anschutz Medical Campus
Email: breelyn.wilky@ucdenver.edu
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