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BRAF inhibitors as immune
sensitizing agents

* BRAF inhibitors could sensitize the immune system by:
 Increase tumor antigen and MHC expression
* Increase tumor infiltrating lymphocytes

« Improve immune effector cell function by inducing paradoxical
MAPK activation on T cells

* Improve the tumor microenviroment by decreasing expression of
Immune suppressive cytokines and immune regulatory ligands

Increased direct \

antigen presentation

(b) Increased antigen @
Cross-presentation - @

Activation of T cells and

increased homing \.

Decreased immune
suppressive factor release
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Tumor infiltration by CD8 cells with BRAF inhibitors
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Cancer Therapy: Clinical
See commentary by Bajor and Vonderheide, p. 1192

Selective BRAF Inhibitors Induce Marked T-cell Infiltration
into Human Metastatic Melanoma
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RNASeq analysis of baseline, on BRAFI therapy
and progressive melanoma metastases
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SM1: A BRAFV6E_driven melanoma syngeneic to
Immunocompetent C57BL/6 mice

Goel, Haluska et al. Oncogene. 2009 SM1 has genomic alterations similar to human melanoma
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Role of CD8 on BRAFI responses alone or in
combination with anti-CD137
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Paradoxical activation of pERK with
exposure of lymphocytes to vemurafenib
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Paradoxical activation of pERK with
exposure of lymphocytes to vemurafenib
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Selective BRAFV®°°F nhibition Enhances T-Cell Recognition of
Melanoma without Affecting Lymphocyte Function

Andrea Boni, Alexandria P. Cogdill, Ping Dang, Durga Udayakumar, Ching-Ni Jenny Njauw, Callum M. Sloss,
Cristina R. Ferrone, Keith T. Flaherty, Donald P. Lawrence, David E. Fisher, Hensin Tsao, and Jennifer A. Wargo

MEK inhibitors are detrimental — BRAF-inhibitors-are fine
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Enhanced in vivo antitumor activity
pmel-1 ACT + dabrafenib and/or trametinib
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Ongoing clinical trials combining
targeted therapy + immunotherapy for melanoma

Clinical Trial NCT number Status Phase Intervention
Systemic Therapy With Interferon, Interleukin-2 and BRAF MNCT01603212
Inhibitor Recruiting Phase I/ll Vemurafenib + IL-2 + Interferon Alpha-2b
Safety and Efficacy Study of Vemurafenib and High-dose NWCT01943422
Interferon Alfa-2b in Melanoma Active Phase I/ll  Vemurafenib + High-dose Interferon alfa-2b
Yemurafenib With Lymphodepletion Plus Adoptive Cell Transfer & NCT01659151 YVemurafenib + Lymphodepletion + ACT with TIL Infusion +
High Dose IL-2 Metastatic Melanoma Recruting Phase |l High Dose Interleukin-2 (IL-2)
NCTO1400451

Ph I/l Ipilimumab Yemurafenib Combo Active Phase | Yemurafenib + Ipilimumab (BMS-734016)
Combined BRAF-Targeted Therapy & Immunotherapy for MNCT01754376
Melanoma Recruting Phase |l Vemurafenib + Aldesleukin
Ipilimumab With or Without Dabrafenib, andfor Tramefinib in
Treating Patients With Melanoma That is Metastatic or Cannot Be  NCT01940809
Remaoved By Surgery Recruiting Phase | ARM1- Ipilimumaky

ARMZ - Ipilimumah +Dabrafenib

ARM3 - Ipilimumab + Trametinib

ARM 4 - Ipilimumab+ Dabrafenib + Trametinib
Vemurafenip and White Blood Cell Therapy for Advanced MNCTO01585415 Vemurafenib + Lymphodedeplition + Drug: Young TIL +
Melanoma Recruting Phase | Aldesleukin

MNCTO17381359

Ipilimumab and Imatinib Mesylate in Advanced Cancer Recruiting Phase | Imatinib mesylate + Ipilimumab
A Phase 1b Open Label, Dose Escalation Study of PLX3397 in
Combination With Vemurafenib in  V600-mutated BRAF NCT018264438
Melanoma Recruiting Phase | Vemurafenib + PLX3397
A Study of The Safety and Pharmacology of MPDL3IZ80A
Administered in Combination With Vemurafenib (Zelboraf@) in NCTD1656642
Patients With Previously Untreated BRAFVE00-Mutation Positive
Metastatic Melanoma Recruiting Phase | Vemurafenib + MPDL3280A
Phase |l Safety Study of Vemurafenib Followed by Ipilimumab in - NCT01673854 YVemurafenib 6 weeks followed by switch to Ipilimumab
Subjects With V600 BRAF Mutated Advanced Melanoma Recruiting Phase Il [sequential)

Hu-Lieskovan, Robert, Homet, Ribas, J Clin Oncol 2014
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microenvironment

Mesenchymal origin I:

* Mast cell B cell

* Pericyte
* Fibroblast

Hematopoetic origin

® Macrophage *CTL Ty,g *Dendritic cell *MDSC Suppressive mechanisms

Vascular
endothelium

MDSC cell

* Secretion of NO, arginase and ROS
* Sequestration of cysteine

* Impaired differentiation

» Defective antigen presentation

Tog cell

* Secretion of suppressive

cytokines (TGF-8, IL-10)
* Sink for IL-2, IL-7, IL-12, and IL-15
* Impaired activation of CTLs

@)
. o |
Macrophage & 1
* M2 differentiation/cytokine profile
» Defective antigen presentation
* Lack of costimulation for T cells
* Impaired tumorocidal activity

Dendritic cell

* IDO expression; induction of Tregs
* Impaired maturation

» Defective antigen presentation

* Lack of costimulation for T cells

Cancer cell @ @

* Loss of MHC class | and antigen
processing machinery

* Antigen loss variants

* Secretion of VEGF, GM-CSF,
G-CSF and gangliosides
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Combined anti-tumor activity of adoptive cell transfer (ACT)
Immunotherapy and PLX3397
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Changes in intratumoral macrophages in responses to PLX3397
PLX3397
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Effects of PLX3397 on expansion, distribution and cytokine
production by adoptively transferred lymphocytes

T cell expansion and distribution . .
P T cell cytokine production
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By depleting macrophages in tumors, PLX3397 increases the
expansion and function of T cells
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Conclusions

There Is a strong scientific rationale for combining oncogenic
BRAFV600E hlockade and immunotherapy:

— Improving direct antigen presentation by tumor cells

— Sensitizing cancer cells to apoptotic death resulting in antigen cross-
presentation

— Inhibiting suppressive factors in the tumor
— Improving lymphocyte function

Paradoxical MAPK activation needs to be considered with these
combinations to interpret combined efficacy and toxicities

MEK inhibitors may block paradoxical MAPK activation by BRAF
Inhibitors, their effects on immune cells in vivo need to be further
explored

Inhibiting intratumoral macrophages with CSF-1R inhibitors
Improves the antitumor activity of tumor-specific T cells
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