

















Ipilimumab in Metastatic Melanoma
(pooled data from 4846 patients)
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Anti-PD-1 Phase |
(Nivolumab, BMS)

296 Patients with Metastatic Cancer
1, 3, 10 mg/kg, MTD not reached

Safety: Adverse events similar to Ipilimumab, but 4%
pneumonitis

Clinical Activity:
Melamona (n= 94): 28% CR/PR, 6% SD
NSCLC (n=76): 18% CR/PR, 7% SD
RCC (n=33): 27% CR/PR, 27% SD
CRC (n=19), CRPC (n=13): No responses

Topalian ASCO, NEJM 2012



Where do we go from here?

Combinations






Immune checkpoint blockade FDA approvals
Melanoma - Ipilimumab, Pembrolizumab, Nivolumab, Ipilimumab + Nivolumab
Melanoma (adjuvant) — Ipilimumab, Nivolumab
Pediatric melanoma - /pilimumab
Non-small cell lung cancer - Nivolumab, Pembrolizumab, Atezolizumab
Renal cell carcinoma - Nivolumab
Hodgkin’s lymphoma - Nivolumab, Pembrolizumab
Bladder cancer - Atezolizumab, Nivolumab, Durvalumab, Avelumab, Pembrolizumab
Head and neck cancer — Nivolumab, Pembrolizumab
Merkel cell carcinoma - Avelumab
MSI-H, dMMR - Pembrolizumab (any histology), Nivolumab (colorectal)
Gastric/gastroesophageal cancer — Pembrolizumab

Hepatocellular carcinoma - Nivolumab



Critical issues for further clinical development
of immune checkpoint targeting

e Determination of the cellular and molecular mechanisms
Involved In the anti-tumor effect

« Determination of the impact of other therapeutic agents on
the Immune system

« Combining the best standard-of-care therapies with immune
checkpoint agents

« Targeting new molecules to improve efficacy

« |dentification of predictive, prognostic or pharmacodynamic
biomarkers



Anti-CTLA-4

Anti-PD-1

Hard wired

Targets CD28 pathway

Works mainly during priming
Expands clonal diversity

Primarily effects CD4 T cells

Can move T cells into “cold” tumors
Responses often slow

Adverse events relatively frequent

Disease recurrence after response
rare

Induced resistance

Targets TCR pathway

Works mainly on exhausted T cells
Does not expand clonal diversity
Primarily effects CD8 T cells

Does not move T cells into tumors
Responses usually rapid

Adverse events less frequent

Disease recurrence after response
significant









Mass cytometry analysis of MC38 TlLs
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Checkpoint blockade modulates MC38 infiltrating T cell
population frequencies
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Summary

» The therapeutic mechanisms of aCTLA-4 and aPD-1 are distinct

 These mechanisms are the same in a highly immunogenic and a poorly
Immunogenic tumor

« These distinct mechanisms may explain why the combination is so
effective

« Specific CD4 and CD8 T cell subtypes contribute to the therapeutic
effects in both therapies

* Monitoring these subtypes rather than total CD4 or CD8 cells correlates
better with outcome and may be much predictive of outcome
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Checkpoint blockade modulates the frequency of
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How do these cellular mechanisms interact?



Mass cytometry analysis of MC38 TILs
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Expansion of phenotypically exhausted CD8 T cells
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Combination therapy differentially affects CD8 subsets
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Combination therapy differentially affects CD8 subsets
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Do phenotypically exhausted CD8 T cells have
the same function in the context of combination therapy?
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Do phenotypically exhausted CD8 T cells have
the same function in the context of combination therapy?
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Effects on the CD4 effector compartment?

Wei et al unpublished



Expansion of Th1-like CD4 T cells following
combination therapy
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What is the role of costimulation in the
regulation of T cell differentiation?












New T cells phenotypes arise in the absence of CTLA-4
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Specific expansion of CD4 T cell subsets
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What underlies the generation of these subsets?

* Not due to differences in T cell proliferation
* Not due to differences in T cell activation
* Not due to defects in thymic development

Do these populations represent new types of T cells?

Wei et al unpublished


















Inducible Costimulator
(ICOS)

« Member of CD28/CTLA-4

PD-

superfamily —
» Usually associated with Tth or PD-L1 pD-L2
Treg
* Role in cancer -
X
(Sharma 2008) ICOSL | ICOS
B7-H3
B7-1 B7-2
-

CD28, CTLA-4



Identification of unusual ICOS+ Th1-like CD4 cells
that arise after CTLA-4 Blockade

Clinical Studies
» 2-10 fold increase in tumor and blood after Ipi
« Contains tumor specific IFNy— & TNFo—producing CD4 cells
* |Increase associated with longer survival
* Pharmacodynamic marker of Ipi activity

Mouse Studies
« Essential for optimal efficacy of CTLA-4 blockade
« Signaling via PI3K binding motif enhances Tbet expression
« Can be targeted to enhance efficacy of CTLA-4 blockade

Sharma and Allison



Engaging the ICOS pathway with agonist vaccine

increases efficacy of anti-CTLA-4
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Combinations to enhance immune checkpoint
targeting resulting in CURES

 Blocking multiple checkpoints
(negative and positive)
* Enhancing innate immunity
« Oncolytic viruses
 Local ablation
 Blocking other immmunosuppessive factors
» Conventional therapies
« Radiation
» Vaccines, shared and individual

 Genomically targeted therapies



% Survival

Improving Survival
with Combination Therapy
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