Gitp Society for Inmunotherapy of Cancer

ADVANCES IN
O

What’s Next for Cancer
Immunotherapy?

Zachary Morris, MD/PhD
Assistant Professor and Vice-Chair
Department of Human Oncology
School of Medicine and Public Health
University of Wisconsin-Madison

QAAEM ——icce g HOPA Csitc >

EMERGENCY MEDICINE Hematology,

IMMUNOTHERAPY™

Hematalog:
Pharmacy As

© 2019-2020 Society for Immunotheropy of Cancer

Saciety for Immunatherapy of Cancer

(éigg) Sacisty fr immur

ADV“NCESN@ Disclosures

IMMUNOTHERAPY™

* University of Wisconsin School of Medicine and Public Health - Employer

Scientific Advisory Board Member
* Seneca Therapeutics
* Archeus Technologies Inc.

Ownership Interest
* Seneca Therapeutics
* Archeus Technologies Inc.

Patents held through the Wisconsin Alumni Research Foundation
* NMG60O for targeted radionuclide delivery and immunomodulation
* Bacterial membrane nanoparticle to enhance the in situ vaccine effect of radiation
* Brachytherapy catheter for intratumoral injection

| will be discussing non-FDA approved indications during my presentation.
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Mechanism FDAapproved therapies Disease indication (year of approval)

CSItC > soas or immmnatrsy o Caver Ant-CTLA4 Ipilimumab ‘Melanoma (2011)
2= “Renal cell carcinoma (2018)

ADVANCES IN 7 MS-H or dMMR colorectal cancer (2018)
( \ Hepatocellular carcinoma (20200
) Ant-PD} Nivolumab Melanoma (2014)

“Non-small cell lung cancer (2015)
IMMUNOTHERAPY™

Henal cell carcinoma (201
Hodgkin lymphoma (2016)

“Squamous cell of the head and neck (2016)

Urothelial cardnoma (2017)

MSI-H or JMMR colorectal cancer (2017)
*Hopatocellular carcinoma (.

Small cell lung cancer (2018)

Cemiplimab Cutaneous squamous cell carcinoma (2018)

Pembrolizumab Melanoma 2014)
Non-small cell lung cancer (2015)

Head and neck squamous cell carcinoma (2015)

Summary of FDA-approved P

Gastric cancer (2017)

immunothera pies Frimary mecestnal large <ol ymphoma (2018

“Merkel cell cardnoma (2018)
HRenal cell carcinoma (2019)
“Esophageal cancer (2019)
*Hepatocellular carcinoma (2019
“Endometrial cardnoma (2019)
Anti-PD-LY Atezolizumab Urothelial cancer (2016)
Non-smll cell lung cancer (2016)
Triple-negative breast cancer (2018)
Smail cell lung cancer (2019)
Avelumab Merkel cell cardnoma (2017)
“Urothelial cell carcinoma (2017)
Aenal cell carcinoma (2019)
Durvalumaty “Urothelial cell carcinoma (2017)
Non-small cell carcinoma (2018)
“Small cell lung cancer (2020)
mphoma (2017)
r acute lymphoblastic leuke:
mphoma (2018)
Cytokine modulation Interferon Interferon Alfa-28:
FHalry cell leukemia (1986)
“AlDS-related Kaposi's sarcoma (1968)
Melanoma (1995)
Follicular lymphoma (1997)
Interleukin Interleukin-2
enal cell carcinoma (1992)

CAR-T cell therapy Axicabtagene ciloleucel

Tisagenledeucel B-col

“Melanoma (1998)
Dendritic cell vaccine Sipuleucel-T Prostate cancer (2010)
® 2019-2020 Sociely for Immunetherapy of Cancer Oncolytic viruses Tainogeris BhETpaTFee Melanoma QO15)

Murciano-Goroff et al. Cell Research 2019

mia (2017)

(/Sit(;) Sacity for Immunatheragy of Cancer

ADVANCES n 72 Anticipated and necessary advancements in cancer
@ immunotherapy
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* Expanding clinical indications for existing immunotherapies

* Development of additional clinically effective immunotherapies
* Clinical testing of immunotherapy combinations

* Integration of immunotherapies with localized therapies

* Integration of immunotherapies with other systemic therapies
* Novel strategies for systemic and/or tumor immunomodulation

* Development of companion imaging and strategies for personalized
immunotherapy

* Advancement of clinical correlative assays for immunotherapy
* Expanding access to cancer immunotherapy globally
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Neoadjuvant immunotherapy leads to pathological
responses in MMR-proficient and MMR-deficient
early-stage colon cancers

Myriam Chalabi 927, Lorenzo F. Fanchi**", Kriln K. Dikstra*", José G. Van den Borg .
Arend G. Aalbers*, Karolina Sik , Cecil holten', Goerard L Beets 043,
Patur Snsabiornsson*, Moniaue Maas™, Marjolin Mer ", Vivien Veninga™, Gergana Bounova'™,
Annegien Broeks”, Regina G. Beets-Tan*®, Thomas R. de Wijkerslooth’, Anja U. van Lent™,

Hendrik A. Marsman®, Elvira Nuijten’, Niels F. Kok, Maria Kuiper', Wieke H. Verbeek,

Marleen Kok 2%, Monique E. Van Leerdam', Ton N. Schumacher 024, Emile E. Voest® 147

and John 8. Haanen 0447

et it

— [
_---- ‘wowown maw --—1_“,
arm:
[ BB
= -
- “urmer wcaroe
g - s
e
™
:
i‘m
i
-
"
"

® 2019-2020 Sociely for Immunotherapy of Cancer

Expanding clinical indications for existing
immunotherapies

e T

Correctad: Author Correction; Publisher Correction

Neoadjuvant immune checkpoint blockade in
high-risk resectable melanoma

Rodabe N. Amaria 0", Sangeetha M. Reddy™", Hussein A. Tawbi', Michael A. Davies ',
Merrick L. Ross?, IsabellaC. Glitza', JaniceN. Cormier’, Carol Lewis?, Wen-JenHwy', EhabHanna*,
AdiDiab', Michael K. Wong', Richard Royal’, Neil Gross 0%, Randal Weber, Stephen Y. Lal*,

Richard Ehlers”, Jorge Blando’, DendiR. Milton", Scott Woodman', Robin Kageyama', Dantel K. Wells’,
Patrick Hwu', Sapna P. Patel', Anthony Lucct’, Amvl'lﬁsm“ JettreyE. Lee’, kllmﬁersﬁmwﬂld'
Lauren Simpson’, Elizabeth M. Burton?, y ', Ling] g0

Shaojun Zhang?, Alexander J. Lazar ", C y Hull:ms .,

AlexandreReuben”, MilesC. Andrews’, Christine N. Spencer?, Victor Prieto”, Padmanee Sharmat,
James Allison”, Michael T. Tetzlaff*" and Jennifer A. Wargo'+2*
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Stimulatory Checkpoints Inhibitory Checkpoints

N
1COS-L N MHC

17 cell activation
T Cytokines secretion
17 cell eytotoxicity

17 cell expansion
1 Treg cell functions

1T el activation
T Cytokines secretion
| Treg cell functions

77 cell apoptosis
T Treg cell functions
LT cell activity

| T NaiveT cell proliferation Cytokines secretion
T CytotoxicT cell T cell proliferation
differentiation

17 cell survival

17 cell proliferation
17 cell activation

1 Cytokines secretion
T NK cell cytotaxicity
T NK cell ADCC

Donini et al. J Thor Dis, 2018
® 2019-2020 Sociely for Immunotherapy of Cancer
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Development of additional clinically effective
immunotherapies: Immune checkpoint blockade
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17 cell activation
T APC activation

| NK cell activation

17 cell activation L NK cell activation

T NK cell activation

L7 cell activation
|, MK cell activation

\_ siRPa

APC phagecytosis
APC presentation

71 cell apoptosis
LT cell proliferation
T Treg cell conversion
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O CAR-Tcell
[J NK and NKT cell

H Novel T cell technology
B TAA/TSA-targeted T cell
H TCR-T cell

HTIL cell

[l Other cell therapies
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Currently > 1,000 agents under
clinical investigation

Number of new trials opened per year
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Nature Reviews |

Yu et al. Nat Rev Drug Disc, 2019
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Development of additional clinically effective
immunotherapies: Cell Therapies
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Yu et al. Nat Rev Drug Disc, 2019
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Plasmacytoid

denditic cells
fibroblasts, macrophages
endothelial cells

Cytokines
produced by

IFNe

IFNot-1 2/'FN‘3

Targetof Hairy Cell
Anti-cancer Kaposi Sarcoma

approved by Melanoma
FDA) Renal Cell
Follicular leukemia
Adult T-cell Leukemia

Conlon et al. J Interferon and Cytokine Res, 2019
® 2019-2020 Sociely for Immunotherapy of Cancer

Trials (Bold ~ Chronic Myelogenous Leukemia

Development of additional clinically effective
immunotherapies: Cytokines/Chemokines

Type Il Interferon o + GM-CSF IL-12 -2 -7 IL-15 L-21
NK cells, T cells, Monocytes, T cells monocytes Tecells Stromal cells Monocytes CD4* T cells
B cells, APCs fibroblasts DCs and DCs epithelial cells, Dcs, and NKT cells

macrophages
stromal cells

and fibroblasts

epithelial cells
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Melanoma
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Mycosis
Fungoide

Melanoma Melanoma

Renal Cell

Melanoma
Renal Cell

Melanoma
Renal Cell

Colorectal
Cancer

Intratumoral delivery

Pegylation

Fusion proteins
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viral
Replication

Fountzilas et al. Oncotarget 2017
Ungerechts et al. Mol Ther 2016
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Development of additional clinically effective
immunotherapies: Oncolytic Viruses

Reovirus,
HOW, H5V HSV
1CP34.5 OneaVEx,
Vaccinia X
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Clinical testing of
immunotherapy combinations

Morrissey et al Clin Trans Sci 2016
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BITE® antibody construct
Bi- and multi-specific antibodies

Bringing effector and target cells
into proximity

03 CD19/CD33

Cell-based therapies
Reverse engineering T cells to
recognize tumor cells

Remove T cells

-
Checkpoint Inhibitors | 6 |

Tumor
T-Cell i

PD-L1/2 ~ Tumor
Cell/
PD-1 APC

An!i-\};_ (o
Ho \) &) Tcell
[ I

inactivation
T cell activation
& proliferation

BIiTE® antibody construct

Ex vivo genetic
modification,

Re-infuse T cells osding:

G \C Tumor.
L arget el

Antigen

Recognition
and Killing of
Cancer Cells

T-cell . ;
—Q: Infiltration fntigen mabs (6
Cytokines - into Tumors Cancer- aleasa ffam—
T —— a | | yCycle =g ' " Cell
ject cytokines to stimulate and ¢ Antibody binding
5 the immune system % Immunotherapy | Antigen recruits T cells (ADCC)
Receptor Presentation U
T-cell \ =
\)\‘ Tumor 3 ;\ ( Tumor
cell Priming and Immune cell
Activation @
-2

Antigen-specific T cell
activation and tumor cell
Killing

‘Antibody binding recruits
a complement that
recruits T cells (CDC)

Vaccines and
Oncolytic Viruses
Isolate DCs

@ Culture with
antigens
x__~
Vaccinate with DCs
presenting TA

Checkpoint Inhibitors

CD80/86 - Tumor \

R\

cTLA-4 @
Teell
S inactivation

T cell activation

Viruses directly kill tumor cells and
stimulate the immune system
through GM-CSF release

expansion, antigen
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Integration of immunotherapies with localized therapies

0S on ICI (months)

Fig. 3B. Patients whose TB was lower than the median showed improved OS.

Sridharan et al. Oral Oncology 2018.
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Survival by Tumor Burden
100+
eTable 3. Association Between Baseline Sum of Target Lesion Diameters and 5-Year Survival in All Patients
== Tumor burden > Median  Receiving Nivolumab (N = 270
75+ =4 Tumor burden < Median
= Sum of Target Leaion Diameters (mm) 5-Year Survivors All Other Patients Pvalue
>
= Metanoma n=230 n=77
& Median (1QR) 75 (48-134) 111 (69-109) 0a27
3 Range 2374 10-377
<
" 50w p<0.01 RCC n-g n=2%
t Median (1QR) 98 (89-110) 139 (88-191) o542
° Range 2% 43615
e ISCLC n=16 n=113
o Modian (1QR) 83(625-117) 95 (50.147) 5084
o 254 Range 11-201 10.262
AB 3 tumor typos. n=55 n=215
Median (1QR) 88 (52-116) 109 (65-165) 024
Range 11374 10-615
Tanaipsis o based en fiems far companng the  subsen of Baseine sum of target lesion dametey
0 1% rees itermanie ange
1 L) L) ) L) L)
5 10 15 20 25 30

Topalian et al. JAMA Oncol 2019.
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S SR Phase Ib Study of Stereotactic Body Radiotherapy (SBRT) in Oligometastatic Non-

oG @ small Lung Cancer (NSCLC) With Dual Immune Checkpoint Inhibition
IMMUNCTHERAPY™ (NCT03275597)
Stereotactic Radiation
to all sites of disease
(30-50Gy in 5 fractions) Durvalumab
+
I l | I | Tremelimumab Durvalumab (until progression) I
Cycle 1 2 3 4 5 6 7 8 9 (101112 |13
Week i | 2 3 7 111(15119|23 |27 |31 35|39 (43|47 |51
Lt NCT03275597
Whole Blood (circulating tumor cells and flow cytometry) I Mike Bassetti, Ticiana Leal, Andrew Baschnagel,
I Zach Morris, Josh Lang, and others
Tissue JAAEM ——ixccc HHOPA Csite >
f Biopsy ) mm——

Radiation may overcome mechanisms of tumor immune escape

Radiation

2 |

Seconds Cytokine release ',Temporary local depletion of lymphocytes

2-5Gy (suppressor and effector)

2-3 Gy

Hours

Days

Phenotypic changes in cells surviving radiation (MHC-
1 expression, type | IFN response)
8-12 Gy

Immunogenic cell death
Proportional to dose

{ J
[

Dendritic cell maturation, antigen cross-presentation, and diversification of T cell response

Weeks

In situ vaccine = personalized immuno-oncology

Destroy cancer cells in a way that enables them to function as a potent, personalized immune stimulus and source of antigenicity
for tumor-specific adaptive T cell immunity
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The in situ vaccine effect, while very rare with radiation alone, may be clinically
meaningful when combined with immune checkpoint blockade

FULL TEXT

JAMA Oncology

Original Investigation
July 11, 2019

Effect of Pembrolizumab After Stereotactic
Body Radiotherapy vs Pembrolizumab Alone
on Tumor Response in Patients With
Advanced Non-Small Cell Lung

Theelen WSME?, Peulen HMU?3, Lalezari F#, van der Noort V5, de

Vries JF°, Aerts JGJVS, Dumoulin DWS, Bahce |7, Niemeijer AN?, de
Langen AJ, Monkhorst K&, Baas PL.

e 76 pts NSCLC randomized to pembro or pembro + 8 Gy x 3

* ORRat 12 wks = 18% vs 36% (P =.07)

¢ Median PFS 1.9 mos vs 6.6 mos (P =.19)
¢ Median OS 7.6 mos vs 15.9 mos (P =.16)
* Largest benefit in patients with PD-L1-negative tumors

* Noincrease in treatment-related toxic effects

Table. Response to Treatment

Experimental Arm,  Control Arm,
No./Total No. (%) No./Total No. (%)
Response (n = 36)° (n = 40)"

Best overall response, No.

Complete response 3 1
Partial response 14 8
Stable disease 9 10
Progressive disease 10 21
Objective response rate at 12 wk
Overall® 13/36 (36) 7/40 (18)
PD-L1TPS, %
0 4/18 (22) 1/25 (4)
1-49 3/8(38) 3/8(38)
250 6/10 (60) 3/5 (60)
Disease control rate at 12 wk? 23/36 (64) 16/40 (40)

Abbreviations: PD-L1, programmed death-ligand 1: TPS, tumor proportion score.

* Patients who received pembrolizumab therapy after stereotactic body
radiotherapy.

® Patients who received pembrolizumab theraov alone. =

Enhancing the in situ vaccination effect of external beam
radiation with combinatorial local therapies

\ N
T 3+
B78 ] IL-2
melanoma RT: 12 Gy I1c l hu14.18 anti-GD2 mAb
1400
— 12 Gy +hu14.18-12 ]; I
1200 | |— 126y +1sG S
lﬂE — :luééi 18-L2 * x(-]:
£ 1000 2 J
g
3 800 I
5 T
5 600
1
_ 400
3
= 200 &
0 71% DF
0 5 10 15 20 25 30 | with Tcell
B78 Melanoma Days memory
Requires: - Tumor GD2 antigen
- Host T cells

- Host Fcy receptor and FasL

IT-hu14.18-IL2 With Radiation, Nivolumab and
Ipilimumab for Melanoma (NCT03958383)

* Patients with metastatic melanoma with injectable site of
disease

* Phase | study
A. Dose escalation IT-hu14.18-IL2 daily x 3
B. Radiation + IT-hu14.18-IL2
C. Radiation + IT-hu14.18-IL2 + anti-PD1
D. Radiation +IT-hu14.18-IL2 + anti-PD1 + anti-CTLA4

Study Chair and Pls: Paul Sondel, Mark Albertini, Zachary Morris

Morris et al. Cancer Res, 2016
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Enhancing the in situ vaccination effect of external beam
radiation with combinatorial therapies

Phase Il Study of Bempegaldesleukin (NKTR-214) Together with Palliative Radiation and anti-PD-1 Checkpoint
Blockade in Patients with Recurrent or Metastatic Head and Neck Squamous Cell Carcinoma (HNSCC)

NKTR-214 2.PEG-IL2 1-PEG-IL2
Schematic of Study Design: Inactive Active Cytokine Active Cytokine

Ineversible Irreversible

Screen patients with biopsy-proven recurrent/metastatic head and Relesse Releasa

neck squamous cell carcinoma who are taking or will be starting anti- m .ﬂﬂ ﬁ

PD-1 therapy and have a need for palliative radiation.

NKTR-214 Preferentially Activates ILZREy ,l 1

Cycle 1 T
Anti-PD-1* and NKTR-214 ILZRBY IL2RaPy

1l

Cycle 2 Day -3 to -7
Complete palliative radiation therapy

4

Cycle 2+
Anti-PD-1* and NTRK-214

Stimulates

ponse to kill tumor cells

Study Chairs: Zach Morris and Paul Harari Study Pls: Adam Burr and Justine Bruce

Cite > s

ADVANCES IN @ Integration of immunotherapies with other systemic

therapies
(© Immunotherapies
o // /‘lv;e cell-intrinsic effects

Checkpoint inhibitars
Anti-PD1/PDL1 therapies relieve T cell
‘exhaustion to promote anti-tumor immunity.
Anti-CTLAA therapies ikely expand
tumor-specific T cells within secondary
Iymphoid organs and may possibly attenuate
Treg function.

IMMUNOTHERAPY™

Tumor-associated

hages =M TRegs/ \
b /\

\

CART cells
Genetically engineered to recongnize
tumor-s pecific

. ~ L i
* Chemotherapeutics hf,) N oty
. . . o . . Prime new tumor-specific T cell responses.
* Tyrosine kinase inhibitors/signaling blockade t
* Anti-angiogenesis agents = ('j

* Therapies targeting tumor metabolism e

@PIBK/AKT/mTORi//GI'ﬂgT .
Immune effects RIK 1) =
Pan AKT and PI3KS inhibitors can inibit g " 9
Treg function and infiltration into tumors. W (B) BRAFi/MEKi
PI3Ky inhibitors can limit myeloid cell L m Intrinsic effects
Inhibit oncogenic BRAF-mediated signaling to

reduce proliferation and migration in

BRAFV60OE tumors
1

infiltration and differentiation.
AKT and mTOR inhibitors can boost CD8+

T cell memory and effector function. '

Tumor cell-intrinsic effects

Tumor
PISI/AKT/MTOR inhibitors limit tumer ! Immune cell-intrinsic efects
proliferation and migration and reduce TP (vex) BRAF infibitors can limit MDSC and Treg
apoptotic resistance. infiltration and promote CDB+ Tcell and NK
PI3K inhibitors can recuce cytokine and cellinfiration nto tumors
chemokine expression. Prolferation)
PI3K/AKT/mTOR inhibitors can reduce. Migration
PDL1 expression whenitis constitutively
expressed.

Kcce HOPA (?|tt)

O’Donnell et al. Sem Cancer Bio 2017
© 2019-2020 Sociely for Immunotherapy of Cancer
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Novel strategies for systemic and/or tumor
immunomodulation

Systemic Immunity
Innate and Adaptive

’ Tumour Genome and Epigenome

Tumour

Tumour cells Z

Epigenetic Changes

Tumour

Environment
Internal / External Factors

Microenvironment

Cogdill, Andrews, Wargo - British Journal of Cancer 2017
® 2019-2020 Sociely for Immunotherapy of Cancer

Blood
Vessel

0 MDSC

ACCE @ HOPA
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B Responder [l Non-responder

Firmicutes N
Clostridia INEG——
Clostridiales IEEG—
Ruminococcaceae INEEG—_—_—_——
Faecalibacterium prausnitzii [N
Faecalibacterium N
Ruminococcus bromii I
Ruminococcus [IEEEG_——
Porphyromonas pasteri I
Veilonellaceae IEG—_—_—__
Clostridium hungatei [EEEEG—
Phascolarctobacterium [_—
Phascolarctobacterium faecium [EEE—1
Peptoniphilus | EEG—————
Undclassified [
Micrococcaceae |E——_
Mollicutes pmm—
Rothia —
N Collinsella stercoris
NN Desuilfovibrio alaskensis
I Bacteroides mediterraneensis
N Prevotella histicola
I Gardnerella vaginalis
I Gardnerella
I Bacteroidetes
I ©:cteroidales
, N Gacteroidia

60 -48 -36 -24 12 0 1.2 24 36 48 60
LDA Score

Gopalakrishnan et al Science 2018
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Novel strategies for systemic and/or tumor
immunomodulation — Tumor Microbiome
A Patients B
M Responder [l Non-responder Faecalibacterium
100 — High abundance
" Low abundance
€ ]
8 =
il s .
g £ g :
ﬁ Low = oS .
3
s T R
'é b crOTU community type Days elapsed
5
Bacteroidales
100 4"; — High abundance
3 ~= Low abundance
5
% 50 .
o
0.00 Vi °\l:
W oner [ ectobacilales Enterobacteriales. 0
=Amﬂam<nbmmlss -Desulrm\hlinnales _ Clostridiales o 200 400 600
Ml Bactervidales Days elapsed
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Development of companion imaging and
strategies for personalized immunotherapy

Tumdryf Va5 = 20 -
‘g( (Y ) 20 o
(X et ) 2 p=0.03
:"\“ ; é p=0.018 8 15 —_—
8 151 @
L<v~r$v nh (2]
S =
@ 49 @ 101
K‘d”w K'“”EY Kiany Kidney ;-LBL ;-IEL e
3 54 g5 9
) = > [ ol o]
Y % : ;| Bied =+
B\adder Bladdet 0 I T M '
18FLFDG PET 18E-BMS-986192 PET PD-L1 <50% PD-L1 > 50% Non-responding Responding

r\\ (J (1 (1
Niemeijer et al. Nat Comm 2018
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PD-1, PD-L1, CTLA4 o -y

e
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a PD-L1 expression b

MMR deficiency c
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wen g mww — m — Clinically approved

Clinical trials

Rl

Cell functional state
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clinical correlative el
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[/ Ongoing research

Inter-cellular networks

0y

Galecting Mg |
e [#] % !
LA
- i
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Macrophages . CD4 T cell
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Lapuente-Santana et al. Front Oncol 2020 AEatabs

$HOPA Csite>

© 2019-2020 Sociely for Immunotherapy of Cancer

10/2/2020

11



Cite > sonyirinen

vy @ Expanding access to cancer immunotherapy globally

IMMUNOTHERAPY™

= Cancer is the second leading cause of death globally
= Estimated 10 million deaths annually
= Globally, about 1 in 6 deaths is due to cancer
= Approximately 70% of deaths from cancer occur in low- and middle-income countries

= More than 90% of high-income countries reported treatment services are available compared to
less than 30% of low-income countries

WHO https://www.who.int/
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Questions and Discussion
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