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The combination of BRAF-targeted agents with immune checkpoint inhibitors represents a recent advance in the
treatment of melanoma, even though each of these therapeutic approaches alone has specific limitations. Increasing
evidence suggests indeed the existence of a synergistic interaction between these therapeutic modalities.

During the past decade, key mutations
have been identified that contribute to
the development and malignant progres-
sion of melanoma, hence standing out as
potential targets for therapeutic interven-
tions. Mutations in v-74f murine sarcoma
viral oncogene homolog Bl (BRAF) occur
in about half of melanomas and generally
lead to an activation of the mitogen-acti-
vated protein kinase (MAPK) signaling
pathway. In turn, this promotes oncogene-
sis and tumor progression through several
mechanisms, including accrued prolifera-
tion rates, resistance to apoptotic stimuli
as well as increased angiogenic, invasive
and metastatic potential.

The treatment of BRAF-mutated mela-
nomas with agents that specifically target
this oncogenic alteration represents one of
the most significant therapeutic advances
in this setting over decades. Results from a
Phase III clinical trial testing vemurafenib
(an inhibitor of BRAF) vs. standard of
care, dacarbazine-based chemotherapy
demonstrated that the former can sig-
nificantly improve progression-free and
overall survival,' leading to its approval by
FDA in 2011. However, clinical responses
to vemurafenib are generally temporary,
with a median time to progression of only
5.3 mon.!

Intense efforts are currently being
dedicated at the identification of strate-
gies that may prolong clinical responses
to vemurafenib. To this aim, BRAF-
targeted agents have been tested in com-
bination with other treatment modalities.
One of these strategies involved the con-
current administration of BRAF and
MAPK/ERK kinase (MEK) inhibitors,
de facto targeting two distinct nodes of
the same signaling pathway. This combi-
natorial regimen appears to indeed extend
progression-free survival, yet the majority
of patients progress on therapy within 10
mon.? Alternative strategies are therefore
needed to produce long-lasting clinical
responses.

Another successful approach to the
treatment of melanoma involves immuno-
therapy. In particular, the use of immune
checkpoint inhibitors has shown tremen-
dous promise, leading to the approval
of ipilimumab, a monoclonal antibody
that blocks the immunomodulatory mol-
ecule cytotoxic T-lymphocyte-associated
protein 4 (CTLA4), by FDA in 2011.
Additional checkpoint inhibitors that are
currently being tested in clinical trials
include monoclonal antibodies that spe-
cifically block programmed cell death 1
(PDCD1, best known as PD1) or it main
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ligand CD274 (best known as PDL1).%>
The administration of immunotherapy to
melanoma patients as a standalone inter-
vention may result in long-term responses,
though the overall response rate is rela-
tively low (15% upon CTLA4 blockade,
40% upon PD1 blockade).**

Mounting that
oncogenic BRAF signaling contributes to

evidence indicates
immune escape and that targeting BRAF
mutations may increase the immunoge-
nicity of melanoma cells.® This has sig-
nificant translational implications and
provides the rationale for combining
BRAF-targeting agents with immuno-
therapy for the treatment of melanoma.
The first experimental evidence in sup-
port of this notion was published in
2010. In particular, it was shown that
the administration of BRAF inhibitors to
melanoma cell lines and fresh melanoma
digests in vitro induces the upregulation
of melanoma differentiation antigens.
Importantly, such an increase in the anti-
genic properties of melanoma cells was
associated with an enhanced recognition
by antigen-specific T cells.® Interestingly,
MEK inhibitors were found to have a del-
eterious effect on T-cell function, whereas
BRAF inhibitors were not. Following
this influential discovery, we and others
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Figure 1. Oncogenic BRAF contributes to immune escape through the downregulation of melanoma-differentiation antigens and by establishing an
immunosuppressive tumor microenvironment. The administration of a BRAF inhibitor promotes clinical responses along with an increased expression
of melanoma-differentiation antigens by malignant cells, an increased tumor infiltration by CD8* T cells, and a decreased production of immuno-
suppressive cytokines such as interleukin (IL) -6, IL-8 and IL-1c as well as of the angiogenic mediator vascular endothelial growth factor (VEGF). This
phenotype is reverted at time of disease progression. Importantly, the expression of immunomodulatory molecules on T cells (e.g., PD1) and on tumor
cells (e.g., PDL1) is also increased within 14 d of BRAF-targeted therapy initiation. Taken together, these data suggest that the therapeutic potential of
BRAF-targeted agents may be significantly improve by the early blockade of immune checkpoints.

analyzed several immunological param-
eters in metastatic melanoma patients
receiving BRAF inhibitors, finding a
dramatic increase in tumor-infiltrating
CD8* T cells in patients within 10-14 d
of BRAF-targeted therapy initiation.”®
The immunological effects of BRAF
inhibition have recently been further
characterized. In particular, BRAF-
targeted agents have been associated
with the establishment of a therapeuti-
cally favorable tumor microenvironment.
Indeed, along with a robust accumulation
of tumor-infiltrating CD8* T cells, the
expression of melanoma-differentiation
antigens and T-cell activation markers
were both increased. Conversely, of the
levels of immunosuppressive cytokines
such as interleukin (IL)-6 and IL-8 were
decreased.® This is consistent with recent
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studies demonstrating a decrease in the
production of IL-la by tumor-associated
fibroblasts as well as a decrease in stro-
mal vascular endothelial growth factor
(VEGF) expression upon BRAF inhibi-
tion.”!® Of note, both the expression of
melanoma-differentiation antigens and
the CD8* T-cell infiltrate were found
to decrease again at the time of disease
progression.

Importantly, BRAF inhibition was
associated with an increased expression
of the immunosuppressive molecules PD1
and hepatitis A virus cellular receptor 2
(HAVCR2, best known as TIM3) on
T cells, as well as of the immunosuppressive
ligand PDLI on tumor cells, within 10-14
d of treatment initiation.® The presence
of PD1 and TIM3 on T cells is likely to

reflect their activation status. Conversely,
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such an early increase in the expression of
PDLI on the tumor cells was completely
unexpected. This constellation of findings
has important implications, as the T cells
that are infiltrating these tumors may be
inhibited by PDLI, potentially blunting
the immune response early in the course of
therapy. Moreover, it suggests that the use
of immune checkpoint inhibitors (such
as anti-CTLA4, anti-PD1 or anti-PDL1
antibodies) together with BRAF-targeting
agents may significantly increase their
therapeutic potential (Fig. 1).

Clinical trials testing the combination
of BRAF-targeting agents and immu-
notherapy are currently underway. The
sequence and timing of this combination
therapy deserves an attentive consider-
ation. Current data suggest indeed that
(1) BRAF-targeted therapy should be
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initiated first, to enhance antigen expres-
sion by malignant cells and allow for tumor
infiltration by CD8* T cells, and (2) that
checkpoint inhibitors should be given early
in the course of BRAF-targeted therapy
rather than at the time of progression.
However, several questions remain
have not yet been answered. For instance,
will the combination of BRAF inhibitors
and immune checkpoint blockers increase
the duration of clinical responses as well as
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their rate? Will this result in an increased
rate of adverse effects? What are the
appropriate timing, sequence, and dura-
tion of this therapy? Can similar effects
be obtained with MEK inhibitors or with
combinatorial regimens involving BRAF
and MEK inhibitors? And finally, can we
translate this strategy to other malignan-
cies? Answering these questions require
thoughtful correlative studies in the con-
text of appropriately designed clinical
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trials as well as in preclinical settings,
based on genetically-engineered mouse
models. These studies are currently under-
way, and the results will surely guide the
rational combination of BRAF-targeted
agents and immunotherapy for the treat-
ment of melanoma.
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