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What Information Provided by Models Inform Immune
Drug Development and Use?

e Data from pre-clinical models, in conjunction with translational
information, are used to specifically address the following:

— Are we treating the correct patient...
Do we understand the underlying biology of disease and target?

— With an optimal therapeutic...
* Have we engineered appropriate potency and selectivity?

— At the appropriate dose?
* Do we understand dose response relationships?



Therapeutic Approaches to cancer immunotherapy

Selected Examples from the Novartis Immuno-Oncology Portfolio
T-cell Modulation
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Approaches to preclinical modeling for oncology

House et al. Front Onc 2014
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Overview of CAR-T Therapy in the Clinic

CTLO19 treatment for CD19+ B cell leukemia
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Expanding the use of CAR-T to solid tumors
Development of an EGFRvIII CAR-T for CTLO19 treatment for glioblastoma
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A key EGFRvIII CAR-T design criteria is to limit
cross-reactivity to wild t

e EGFR
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Use of NSG mice to demonstrate in vivo selectivity of the
EGRvIII CAR-T
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human T-cells i.v.
NSG mouse Remove skin graft Marcela Maus

{immune deficient)

Human skin graft on back

>
Day 15
CD3 (10x%) CD4 (10x) CD8 (10x)

20x (40x inset)
. = - I_L,.—-.;"' -

Untransduced

Cetuximab CART

huEGFRvIll CART

10



Anti-tumor activity of EGFRvIII CAR-T in NSG mice injected
with U87-EGFRvIII tumors
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Expansion and Trafficking of CART-EGFRvIII cells

Tucker Ezell, Reshma Singh
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Summary of EGFRvIII CAR therapy

e Infusion of CART-EGFRUVIII is safe
e There is no EGFR-directed toxicity in 9 of 9 patients
e CART-EGFRVIIlI expand in blood

 Multifocal EGFRvIII CAR positive infiltrates were identified in biopsies
obtained 6-7 days following infusion

— T cell infiltrates contained IFN-y, CD25 and CD134 positive cells, and
cells which demonstrated a polarized granzyme B pattern, consistent
with CAR cell activation observed in preclinical studies

e EGFRUvIII CAR positive cells were not observed in patients biopsied at 35, 64
or 120 days following infusion



Post EGFRVIII-CAR treatment biopsies of glioblastoma multiforme
(6 days)
Patient 31213-213, T cell infiltrated region Keith Mansfield
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STING (STimulator of INterferon Genes) agonists activate

dendritic cells

Immunalogic
memory

CDe T cell
priming

Activated DC
Corrales L, et al. Cell Rep. 2015;11(7):1018-30.

DC, dendritic cell; TME, tumor microenvironment.

STING is a central sensor of cytosolic double-
stranded nucleic acids from infectious
pathogens, and is essential for efficient
induction of a type | interferon immune
responsel?

STING senses and binds to bacterial signaling
molecules known as cyclic dinucleotides (CDNs),3
which leads to the expression of T-cell
recruitment factors, including pro-inflammatory
cytokines and interferon?

CDNs may be useful as vaccine adjuvants, given
the strong immune response triggered by foreign
double-stranded DNA#

In mouse tumor models, intratumoral injections
of synthetic CDNs resulted in a substantial
regression of injected and distant tumors, and

1. Dubensky TW Ir, et al. Ther Adv Vaccines. 2013;1(4):131-43. 2. Diner EJ, et al. Cell Rep. 2013;3(5):1355-61. provided immunologic memory5

3. Burdette DL, Vance RE. Nat Immunol. 2013;14(1):19-26. 4. Chen W, et al. Vaccine. 2010;28(18):3080-5.
5. Corrales L, et al. Cell Rep. 2015;11(7):1018-30.



ADU-S100: a potent cyclic dinucleotide STING agonist
Abscopal Effect in Dual Flank Model

\ Corrales and Glickman et al., Cell Reports (2015)
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Intratumoral ADU-S100 in the CT26 Model

Injected tumor response and rejection upon re-challenge
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Increased anti-tumor efficacy of ADU-S100 with immune

checkpoint inhibition
Dual Flank 4T1 Model
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Abscopal efficacy of ADU-S100 combined with immune
checkpoint inhibition is CD8 T cell dependent

Distal Tumor Responses in Dual Flank 4T1 Model
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ADU-S100 Phase | Clinical Trial Design
FIH STING Agonist Clinical Trial

Clinical trials.gov identifier: NCT02675439

Part 1 ADU-S100 ] ]
(>21 patients) h Y g
g.weekly
Safety & Biomarker Il ADU-S100
Evaluation
UV-induced tumors
Part 2 ADU-S100 non UV-induced tumors

(approximately 50
patients each arm)

Primary Objective

* Characterize safety and tolerability of ADU-S100 and identify a recommended dose and schedule for future
studies

Secondary Objectives
e Evaluate the preliminary anti-tumor activity of ADU-S100
* Characterize the pharmacokinetics (PK) of ADU-S100

« Assess pharmacodynamic (PD) effects in injected and distal lesions 20



Accumulation of inhibitory receptors on
dysfunctional T cells provide multiple targets

Accumulation of inhibitory receptors is associated with increasing T cell dysfunction
during chronic antigenic stimulation
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TIM-3: critical role on T cells and myeloid cells
Initially described as a T cell marker, emerging biology supports broader role
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Clinical PD-1 resistance

PD-1 resistance: TIM-3 upregulated
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Koyama et al (2016) Nat Comm 7:10501

* Induced on activated and regulatory T cells; constitutively expressed on multiple innate immune populations,
including myeloid cells

e Four reported ligands: Phosphatidylserine; (Galectin-9, CEACAM1, HMGB1)

* Anti-TIM-3 blockade restores Teff activity, diminishes T reg suppressor activity, enhances myeloid inflammatory
cytokine secretion, and enhances anti-PD-1/PD-L1 antitumor and antiviral activity




TIM-3 correlation in the TCGA database with a myeloid
signature; confirmed on normal PBMCs
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e TIM-3 correlates with tumor
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* Most abundant TIM-3 on normal
PBMCs is on myeloid cells

CD16
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TIM-3 correlation in the TCGA database with a myeloid
signature; confirmed on human TAMs from RCC patient

Data representative of four independent donors

Radha Ramesh
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Blood
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TIM-3 and PD-1 expression on RCC
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TIM-3-positive myeloid cells seen in early tumors

In murine syngeneic tumor models
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e Similar to RCC, RENCA

syngeneic model also
shows increased TIM-3
expression on myeloid
cells compared to T cells
CT26 model exhibits
opposite phenotype with
increased TIM3+ T cells
compared to myeloid cells
Decreased TIM-3+T cells
in Renca not due to
decreased frequency of
CD3+ T cells



Variability across syngeneic tumor models; higher TIM-
3+ myeloid populations in 4T1, RENCA at early stages
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Pushpa Jayaraman
e 4T1 and Renca express TIM-3 on
myeloid cells to a higher extent than
T cells

e CT26 and MC38 colon carcinomas
express TIM-3 on both myeloid and
T cells to comparable levels

Distinct syngeneic tumor models

exhibit bias towards a dominant TIM-

3 expressing myeloid or T cell

infiltrate

 tractable models to test TIM-3
biology on distinct immune
populations



TIM-3KO macrophages exhibit dysfunctional response to LPS with
increased TNF, decreased IL-6

TNF-a Nidhi Patel
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Model: TIM-3 blockade on myeloid cells impacts CD8 T

cell IFN-y secretion
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Phagocytosis

Freeman et al (2010)
Imm Rev 235:172

Apoptotic clearance: anti-inflammatory effects?

e MoA for TIM-3: On T cells, DCs or both?

* MBGA453 and PDR0O01 blockade synergize to increase inflammatory cytokine secretion in multiple in
vitro assays (as in preclinical models with surrogate mAbs)




What Information Provided by Models Inform
Immune Drug Development and Use?

e Data from pre-clinical models, in conjunction with translational information, are
used to specifically address the following:

— Are we treating the correct patient...
Do we understand the underlying biology of disease and target?

— With an optimal therapeutic...
* Have we engineered appropriate potency and selectivity?

— At the appropriate dose?
* Do we understand dose response relationships?



