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* Consulting Fees: AstraZeneca, BMS

* Fees for Non-CE Services Received Directly from an Ineligible Entity or
their Agents : BMS

* | will be discussing non-FDA approved indications during my
presentation.
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 Near future
 Not too far

* Far

Grover teaches us the difference
between near and far
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Near
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y >amik Upachaya & Annie Tu on =ep 1o, INSTITUTE, Accelerator
Sources: CRI, CRI Analytics, Clinicaltrials.gov, CRI-iAtlas, and GlobalData. -

Comparison of |O pipelines in 2017 versus 2020

233% Growth in 3 years.
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https://www.cancerresearch.org/scientists/immuno-oncology-landscape
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2,030 agents and 265 targets in 2017. 4,720 agents and 504 targets in 2020.

Target = Target =
TAR | 265 cD19 | 245
PD-1 g2 TAS | 198
CD19 90 PD-L1 I 132
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HERZ [ 51 explore tumor HER2 I 70 tu r':.: 0 rD:x;rEE i 0?1 i::‘lpg ;ﬁ
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STAT3 31 CD47
CD40 31 HPV
CTLA-4 25 MNY-ESO-1
CSF1R 27 Therapy type 4-1BB
GD2 |25 [ T-cell targeted immunomaodulator cD20
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TLR7 23 M Celltherapy STING
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https://www.cancerresearch.org/scientists/immuno-oncology-landscape
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CAR-T

TILs

Cancer vaccines

Oncolytic viruses

Combination x plus immunotherapy

Enhanced clinical response to toxicity
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Figure 1. Alternative myeloma-associated targets for immune-based therapy and strategies involving novel CAR T-cell constructs.
CS1, CD2 subset 1; LC, light chain; MHC, major histocompatibility complex; NKG2DLs, NKG2D ligands; SLAMF7, signaling lymphocytic
activation molecule family 7; TACI, transmembrane activator and CAML interactor; TCR, T-cell receptor.

Future of CAR T cells in multiple myeloma
Kitsada Wudhikarn,'2 Sham Mailankody,** and Eric L. Smith®

Hematology 2020 | ASH Education Program ﬁ.ﬁ“EuM ol (J cC @ H O PA (rs—lt_:g)
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therapy
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Genetically engin
cancer-specific T-cells

Transfusion into
recipient

tumour sample and
isolation of tumour

infiltrating lymphocytes

TIL Therapy Explained by Steven Rosenberg,
hftios; /FWwww.aacr.org/blog/2018/11/19/3944-2-til-therapy/

© 2019-2020 Society for Immunotherapy of Cancer

Resurgence in TIL therapy
with the success of CAR-T
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Lymphoid tissues: priming

Melanoma TAA
RNA-LPX
Q RNA-LPX
o ~
+/- anti-PD1 3 ;
0 ‘.'
v *  CDS8Tcell
o 4
RNA-LPX vaccine Denditic cell <
administration
l CD4 T cell

Metastatic sites: tumor killing

Systemic
TLR7 stimulation

Pro-inlammatory
cytokine production

TAA-specific e Cytokines

T cells - ..
mee 'NF :
°o IFNy
0, O 16 - PD1
= 4 O blockade
P10
ICB-experienced TAA-expressing
melanoma

advanced stage
melanoma patient

Cancer vaccines: shared tumor antigens return to the spotlight

Lijin Li", S. Peter Goedegebuure'? and William Gillanders'?

Signal Transduction and Targeted Therapy (2020)5:251 ; https://doi.org/10.1038/s41392-020-00364-8
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Same technology used

in two COVID-19
vaccines
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Virus H-1PV Adenovirus HSV1 Vaccina virus Reovirus Measles virus
naked, DNA, naked, DNA, enveloped, DNA, enveloped, DNA, naked, RNA, enveloped, RNA,
5kb 36-38 kb 120-200 kb 130280 kb 22-27 kb 16-20 kb
b

Lysis of endothelial Oncolysis and Oncolysis and
Primary Oncolysis cells/destruction of antitumor immune therapeutic gene
effect tumor blood vessels activation expression
2 .
Q ® R0
e 0%® :
Secondary effect: Amplification Nutrient/oxygen Tumor Gene
tumor killing by of oncolysis deprivation vaccination therapy
e o o
&8 B @8, @
oy ®

Molecular Therapy - Methods & Clinical Development 2016 3DOI: (10.1038/mtm.2016.18)
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Combination therapies Phase

Viral species

Adenovirus aarelnetgy
Reovirus Immune
Seneca Valley virus checkpoint Phase /|
Coxsackievirus inhibition
Maraba virus Cellular therapy Phase 1111
Retrovirus Tumqr vaccine Phase IIl
Chemoradiotherapy -
Vaccinia virus - Radiotherapy
Newcastle Phase Il -
disease virus
_Poliovirus Chemotherapy
Vesicular
Phase |

Stomatitis Virus
Parvovirus
Measle virus
Herpesvirus

Molecular Therapy - Oncolytics 2019 15234-247DOI: (10.1016/j.0mt0.2019.10.007)
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900 %
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Year
Nature Reviews

Fig. 2 | Comparison of monotherapy and combination trials. Most new trials since 2014 have been
combination trials {bar graphs). The average planned patient enrclment (line graph) has decreased since
2014 for monotherapy trials more than for combination trials. *Only data from the first three quarters of
2020 were used to generate the analysis.

Upadhaya et al. Nature Reviews Drug Discovery. November 2020.
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Number of PD1/PDL1 trials started per year
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— VEGF/VEGFR
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~— PARP
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— HDAC
~—LAG3
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CD19
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Nature Reviews

Fig. 3 | Main targets assessed in combination with anti-PD1/PDL1 mAbs. The graph shows the
number of combination trials starting each year since 2011. The main 20 targets assessed in combination
are shown in descending order according to the number of trials started in 2020. *Only data from the
first three quarters of 2020 were used to generate the analysis.

Upadhaya et al. Nature Reviews Drug Discovery. November 2020.
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(g Multiple touch

points

Clinic Toxicity Patient initiated Telephone encounters

Initial education ~ Checks Clinic initiated Telephone encounters “other” provider encounters

| | | |

Cancer Patient’s Immunotherapy

Provider Provider Provider ER provider

Nurse Navigator Nurse Navigator Nurse Navigator InstaCare Provider
Clinical Staff Clinical Staff Clinical Staff PCP

Infusion Nurse Infusion Nurse Infusion Nurse Other Specialist Provider

EMERGENCY MEDICING
...................................
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* “Amateurs talk strategy. Professionals talk logistics.”
--Gen. Omar Bradley

* QC project to enhance our ability to respond and manage immune
mediated toxicity

 Database of immune mediated toxicities

* Evaluation of touch points to increase our understanding of areas to
improve toxicity management.
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Not too far
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* Enhanced Biomarkers for response

* Enhanced Biomarkers to monitor toxicity
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;;\,;’NCES@ Benefit and Toxicity of
immunotherapy

ﬁ Toxicity may be monitored during therapy
7~ N
L)

IMMUNOTHERAPY™

Toxicity

@ Benefit may be predicted prior to therapy

Benefit . _
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* Multiplex imaging

s X uv CyTOF mass
\\ s laser cytometer
'(-A \ ) a
‘ ‘_% .
/ / i / Ty /_§ PR / —
Tissue or cell-line Marker staining with Laser ablation coupled
preprocessing metal-labeled antibodies to mass cytometry

Downstream data analysis Single-cell segmentation Data preprocessing Signal extraction of

and image assembly 32 measured markers
C. Giesen, et al., Nat Meth. 11:417-422 QAAEM —iccc g HOPA GWE)
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Green = B-cell
Red = T-cell
White =
macrophage

Blue = nuclear
marker

Yellow = Vimentin
Pink = SMA
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A Cancer
Liquid biopsies Cisplatin
Characterise ultra-rare Distribution and effects on
cancer cells cancer and normal host cells

v @
.o.o.:.:: a;Pt"' 3
See c” NH; ‘

Triple-negative breast cancer

Patient survival

_\‘-‘1
g

c Immunophenotyping

Patient samples Spatial analysis

=~ @
—

O
B

Survival

Resolving related cell types Interaction networks

© 2019-2020 Society for Immunotherapy of Cancer

Use Cases for multiplex imaging

B Autoimmune disorders

Diabetes
@ cosTces

@ cosTeens

. Beta cells

Beta cell with
altered phenotype

Late stage

Non-diabetic Early stage

o Islet-resident cells

Multiple sclerosis

brainlesion
Cell types throughout lesion (edge vs
*O\ *. center)
€ .. * * e Celltypes and functional states in lesions
® * * ® - ﬁ. Cell-cell interactions.
®
* . e —~

® * ® e Understanding role of immune system in
* ® lesion nitiation and progression

D Other applications and expansions

ot various stoges of formation

Simultaneous RNA
and protein detection

H&E-like
counterstaining for MCI

A Metal
et A isotopes
RS
o S ) ;t
5 nin woves [/ oan N
- tissue

Drug library screening

Profile changes in morphology
and protein expression

Super-resolution 3D
imaging

8 5o

R |

Front. Immunol., 14 November 2019 | https://doi.org/10.3389/fimmu.2019.02657
Mass Cytometry Imaging for the Study of

Human Diseases—Applications and Data

Analysis Strategies

ﬂ Heeva Baharlou'~, Nicolas P. Canete' ",
Harman** and Ellis Patrick**

Anthony L. Cunningham:2, & Andrew N.
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EMERGENCY MEDICINE

Acoo @

skl

codogry

Csite >

Sowiery For Immainadaharapy of Cancer



§DVA’QCE5© Enhanced Biomarkers to monitor
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* Immune mediated toxicities lead to morbidity and mortality
* Early intervention is needed

* Biomarkers could improve time to immune mediated toxicity
treatment

* Serial blood samples for biomarker discovery

DAAEM ——xccc &HOPA Csitc >
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§ ° IR AN LI SN Single cell RNAseq of
. B A ¢ blood samples of patients
NI L Identity Identity .
2 0 o Pateet wh! . me who suffered immune
= ® Monocyte Monocyte 5] g . e
) e mﬁ**j’* ai* J";L j* mediated toxicities
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Far
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* Everyone with a sequenced genome.

* Everyone with proteomic evaluation.
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Cost per Human Genome

$100,000,000

$10,000,000

Moore’s Law
$1,000,000

$100,000

810,000 me—————————————————————————
N I H National Human Genome
Research Institute

genome.gov/sequencingcosts

$100
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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United Kingdom Switzerland SR : Estonia

Geng(r)noltg England 2012- Swiss Personalized Health Network 2017-2020 - ! 2016-202! Estonian Genome Project 2000 —
100, enomes: rare disease, cancer Infrastructure 3 3 S Y AR - ARG
£350M (USD$485M) CHFB8M (USDBIM) Rare disease, cancer, diabetes €670 g,:z;‘:nu.xure and population-based
Scottish Genomes £6M (USD$8M) e 2 2017: €5M for 100,000 individuals
Welsh Genomics for Precision Medicine

£6.8M (USD$IM) Netherlands

Northern Ireland Genomic Medicine RADICON-NL 2016-2025

Finland
Centre £3.3M (USD$4.6M Rare disease .
53 Ll Health Research Infrastructure : National Genome Strategy 2015-2020

Infrastructure
€50M (SUSD 59M)

Denmark

Genome Denmark 2012-
DK 86M (USD$13.5M)
FarGen 2011- 2017

DK 10M (USD$1.6M)

United States of America A\ e y : S X Infrastructure, population-based

National Human Genome Research cohort, pathogen project

Institute 2007- < , 7 \ X .

Infrastructure and clinical cohorts b _ y ~ R - 2o Turkey

USDS$427M - o | - : g Turkish Genome Project 2017-2023
All of Us 2016-2025 - 1 > 4 Infrastructure, clinical and population-
Population cohort 4 ) yp = based cohorts

USDS500M (first two years) g 4

Japan
Japan Genomic Medicine Program, 2015-
Infrastructure, clinical and population-based
cohorts, drug discovery
JPY10.2B (USD$90.05M)
Qatar Australia
Qatar Genome 2015- Australian Genomics 2016-2021
Infrastructure, population cohort Infrastructure, rare disease and cancer
AUD$125M (USD$95M)
Genomics Health Futures Mission 2018-2028
AUDS$500M (USD$372M)

Figure 1. Map of Currently Active Government-Funded National Genomic-Medicine Initiatives

The American Journal of Human Genetics 104, 13-20, January 3, 2019
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;;m@s@ Intermountain’s effort to improve
Ao S population health

Intermountain Healthcare and

deCODE genetics Launch
Groundbreaking DNA Study of
500,000 People to Find New Links

Between Genetics and Disease

HematalsgyOincelogy
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biobank

o St »w voee by Seate

The Pharma Proteomics Project

Proteins circulating in our blood may
X UK B'Oba,-,
play a role in the development of many ooo“\c\pants
life-threatening diseases. i

A greater understanding of such
markers offers opportunities for more
precise, targeted treatment.

https://www.ukbiobank.ac.uk/learn-more-about-uk-
biobank/news/uk-biobank-launches-one-of-the-largest-
scientific-studies

© 2019-2020 Society for Immunotherapy of Cancer

The next —omics,
proteomics
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Potential of disease

Manifestation of disease
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* Near |
e CAR-T, TILs, Cancer vaccines, Oncolytic
viruses, Combination x plus —

immunotherapy, Enhanced clinical
response to toxicity

 Not too far

* Enhanced Biomarkers for response,
Enhanced Biomarkers to monitor toxicity

* Far

* Everyone with a sequenced genome,
Everyone with proteomic evaluation.
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Thank you
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