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Activating mutations in BRAF, a constituent of the map kinase pathway, were first discov-
ered as being most prevalent in melanoma in 2002. Only recently have potent and selective,
orally available inhibitors of BRAF emerged for clinical testing and demonstrated clear ev-
idence of tumor regression in the majority of patients whose tumors harbor a BRAF muta-
tion. While these early observations suggest that the BRAF targeted therapy will become
part of the standard treatment paradigm for patients with advanced melanoma, it is also
clear that a majority of these responses are incomplete and temporary. Therefore, the fo-
cus of the melanoma field has shifted to understanding the limits of the first generation of
selective BRAF inhibitors with regard to safety and efficacy, the context of somatic genetic
changes that accompany BRAF, and the combination regimens that target distinct ele-

ments of melanoma pathophysiology.

© 2011 Federation of European Biochemical Societies.
Published by Elsevier B.V. All rights reserved.

1. Introduction

BRAF is a key protein kinase component of the RAS—RAF path-
way. This critical intracellular signaling pathway relays extra-
cellular signals to the nucleus in order to regulate the gene
expression (Figure 1). The extracellular signals may be growth
factors or hormones present in the extracellular milieu, which
bind to and activate cell surface or intracellular receptors, re-
spectively. The activated receptor then, in turn, activates down-
stream components of the signaling pathway, propagating the
signal to the nucleus where nuclear transcription factors regu-
late target gene transcription. By regulating the expression of
target genes, the cell can respond to the extracellular environ-
ment in a variety of ways, including proliferation and survival
via prevention of the cell’s innate cell death mechanism (McCu-
brey et al., 2007; Sebolt-Leopold and Herrera, 2004).

* Corresponding author.
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Around 8% of all solid human tumors are thought to harbor
mutated BRAF and over 30 mutations in the BRAF gene have
been associated with human cancers (Wan et al., 2004). The
most commonly identified mutation in the BRAF gene occurs
in the region that encodes the kinase domain of the protein
at position V600 and results in constitutive activation of the
kinase. The mutated BRAF kinase activates downstream com-
ponents of the pathway in the absence of an upstream (exter-
nal) signal, when cessation of proliferation and/or cell death
may be appropriate or required. The result of this deregulated
downstream signaling is an alteration in gene expression
leading to unregulated cell proliferation and survival, factors
that contribute to oncogenesis (Hoeflich et al., 2009; McCubrey
etal,, 2007; Wan et al., 2004; Zhang and Guan, 2000). Oncogenic
BRAF signalingis implicated in approximately 50% of melano-
mas, 30—70% of thyroid cancers, 30% of serous low-grade
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Figure 1 — The RAF-MEK—ERK signaling pathway (panel A) and
activation via constitutive BRAF activation (panel B) (McCubrey
et al., 2007).

ovarian cancers, and 10% of colorectal cancers (CRCs) (Davies
etal, 2002; Fransen et al., 2004; Garnett and Marais, 2004; Goy-
dos et al., 2005; Libra et al., 2005; McCubrey et al., 2007). The
pervasive nature of oncogenic BRAF signaling across human
cancers makes this an important area of focus for the develop-
ment of anticancer agents specifically targeted to the aberrant
signaling generated by the mutant BRAF kinases.

RG7204 (also referred to as PLX4032 and RO5185426) (Fig-
ure. 2), is a potent inhibitor of the V600E mutation-containing
BRAF kinase, and has shown promising preclinical and early
clinical efficacy against mutant BRAF cell lines and tumors
(Bollag et al., 2010; Joseph et al., 2010; Sala et al., 2008; Tsai
et al., 2008). This agent is currently in clinical development

Figure 2 — Molecular structure of RG7204/PLX4032 (Bollag et al.,
2010). Reprinted by permission from Macmillan Publishers Ltd:
Nature (Bollag et. al.), copyright (2010).

for the treatment of a range of human cancers and here we re-
view the preclinical studies, pharmacokinetics, clinical toxic-
ity, early clinical efficacy and possible mechanisms of
resistance and toxicity. GSK2118436 is another inhibitor of ac-
tivated BRAF, with a similar preclinical and clinical profile, but
has been in clinical development for less time and therefore
less data are available.

2. Preclinical studies

In vitro biochemical assays have shown that RG7204/PLX4032
exhibits selectivity against a broad range of kinases. In a panel
of over 200 kinases, RG7204/PLX4032 showed a similar potency
for BRAFV60OE (31 nM) and CRAF (48 nM), and selectivity with
respect to other kinases including wild-type BRAF (100 nM).
The vast majority of kinases were only minimally affected,
with ICs values of >10 uM, thought to be irrelevant in clini-
cally achievable drug concentrations. However, several ki-
nases (CRAF, SRMS, ACK1, MAP4KS5 and FGR) were inhibited
at <100 nM concentrations and could be relevant contributors
to efficacy or toxicity. The in vitro selectivity of RG7204/
PLX4032 translate into remarkable cellular selectivity in a se-
ries of experiments designed to evaluate the effect of
RG7204/PLX4032 on RAF-MEK—ERK pathway inhibition and
proliferation suppression in a panel of cancer cell lines
(Yang et al., 2010). Cell lines tested for inhibition of MEK and
ERK phosphorylation included the melanoma cell lines
expressing BRAFV600E, BRAF V600D, BRAF V600R or BRAFWT.
RG7204/PLX4032 inhibits both phosphorylation of MEK and
ERK, and cellular proliferation in all BRAFV600E-expressing
melanoma cell lines tested, including Colo829 and LOX.
RG7204/PLX4032 also exhibited potent inhibitory effects on
MEK and ERK phosphorylation and cellular proliferation in
melanoma cell lines which expressed other mutations at the
V600 position, such as BRAF V600D, BRAF V600R and BRAF
V600K (Yang et al., 2010; Halaban et al., 2010).
RG7204/PLX4032 lacked antiproliferative activity in cell
lines expressing wild-type BRAF proteins, including those
from melanomas and other tumor types such as lung, gastric,
breast, pancreatic, and skin tumors. Activity was reported in
one additional breast cancer cell line (MDA-MB-435) which
expressed BRAFV600E and wild-type RAS (Yang et al., 2010).
Suppression of ERK and MEK phosphorylation by RG7204/
PLX4032 correlates with the inhibition of cellular proliferation
in melanoma cells harboring mutations at the V600 position.
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Thus, RG7204/PLX4032 displays a high degree of selectivity
against BRAFV600E kinase in mechanistic and antiprolifera-
tive cellular assays (Lee et al., 2010). The studies described
above show that RG7204/PLX4032 potently inhibits MEK phos-
phorylation and activation, which consequently inhibits ERK
phosphorylation and ultimately cell proliferation in tumor
cells expressing the mutant BRAF gene.

3. Pharmacokinetics

In a LOX BRAFV600E-mutant melanoma-xenograft model ex-
posure-dependent tumor responses have been reported.
This was determined by comparison of the percentage of
PMEK/MEK and pERK/ERK inhibition in RG7204/PLX4032-
treated vs. vehicle-treated tumor samples. The highest
plasma concentration of RG7204/PLX4032 corresponded to
the highest mean percentage inhibition of MEK and ERK phos-
phorylation (Yang et al., 2010).

Phase I pharmacokinetic analyses in humans have shown
that exposure increased with dose (Flaherty et al., 2010). A to-
tal of 87 patients (49 of whom had melanoma and a further 32
who had BRAFV600E metastatic melanoma) were recruited to
a Phase I study and received doses of up to 1120 mg twice
daily. Exposure was dose-proportional through the range
240 mg twice daily to 960 mg twice daily (Figure 3A). Patients
were exposed to relatively constant daily drug levels at steady
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Figure 3 — Pharmacokinetic profile of RG7204/PLX4032 in humans.
Dose-dependent exposure (panel A) and relatively constant daily
exposure at steady state (panel B) (Flaherty et al., 2010).

state that were between 6 and 9 times the mean level on Day 1
at the 960 mg twice daily dose (Figure 3B). The mean half-life
of RG7204/PLX4032 was ~50 h and the area under the plasma
concentration—time curve (AUC) for the 960 mg twice daily
dose was 1741 + 639 uM/h (Flaherty et al., 2010). The 960 mg
twice daily dose has been selected for Phase II evaluation
based on its acceptable toxicity profile and the steady state
drug concentration that remained in the therapeutic range.

Phase I pharmacodynamic analyses showed that tumor
levels of phosphorylated ERK, cyclin D1 and Ki-67 were mark-
edly reduced at Day 15 compared with baseline (n = 7 patients
treated with RG7204/PLX4032 960 mg twice daily), indicating
that RG7204/PLX4032 inhibited the MAPK pathway, resulting
in decreased cell proliferation (Flaherty et al., 2010). Further-
more, a smaller subset of patients underwent serial tumor bi-
opsies before and after 15 days on therapy. These patients
were treated at lower doses that resulted in only one quarter
of the steady state drug exposure achieved with 960 mg twice
daily. While evidence of suppression of ERK phosphorylation
was demonstrated, the level of inhibition was far lower com-
pared to the patients treated with higher doses/drug exposure.
Therefore, the dose—response relationship between MAP ki-
nase pathway inhibition and tumor regression observed in
preclinical studies was recapitulated in patients.

4. Toxicity profile

RG7204/PLX4032 was well tolerated in the in vivo preclinical
studies. No treatment-related mortality or clinical signs of
toxicity were reported at any time (Yang et al., 2010). These
data supported the potentially high therapeutic index for
this agent in subsequent clinical trials.

The Phase I trial reported by Flaherty et al. (2010) consisted
of a dose escalation phase followed by an extension phase at
the maximum dose that could be administered without fre-
quent, severe adverse effects. The most frequent adverse
events (AEs) at the recommended Phase II dose of 960 mg
twice daily were arthralgia, rash, nausea, photosensitivity, fa-
tigue, pruritus and palmar-plantar dysesthesia. Most events
were mild to moderate in intensity. Cutaneous squamous
cell carcinoma occurred at a rate of 31% (10/32 patients) during
the extension phase of the study during which all patients re-
ceived a 960 mg twice daily starting dose. The median time to
occurrence of these carcinomas was 8 weeks; the majority
was resected and none led to discontinuation of treatment.
These tumors were not limited to the sun exposed areas
where typical cutaneous squamous cell carcinomas were fre-
quently diagnosed, nor were they usually associated with
a clinically detectable pre-existing lesion such as an actinic
keratosis or verruca. A subsequent clinical and histological
evaluation of these therapy-associated cutaneous neoplasms
has shown that these are generally well differentiated, often
showing features of keratoacanthoma, with a low likelihood
of invasive or metastatic potential (Lacouture et al., 2010).
However, at least one case of squamous cell carcinoma with
perineural invasion occurred during treatment with RG7204/
PLX4032 in a patient with no previous history of non-mela-
noma skin cancer. This tumor was completely resected with
Mohs micrographic surgery.
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Other cutaneous AEs included the report of rash in 40.2% of
patients of the extension cohort (Lacouture et al., 2010). This
rash was usually self limited or responded to systemic or topi-
cal steroids and included a typical morbilliform drug eruption
as well as a diffuse eruption of keratosis pilaris-like erythema-
tous papules. A mild nodular form of cutaneous vasculitis was
observed in several patients and was more persistent than
other cutaneous eruptions, but was not progressive. Photosen-
sitivity was observed in 20% of patients in the extension cohort
(Lacouture et al., 2010). Depending on the level of the patient’s
sun exposure, in some cases this led to extensive sun burns
with bullae. Based on this AE profile in the skin, itis recommen-
ded that patients undergoing treatment with selective BRAF in-
hibitors be counseled to perform regular self examination of
their skin and report any new or changing lesions to their phy-
sician. Additionally, patients starting therapy should take pre-
cautions to avoid prolonged sun exposure, wear sun protective
clothing, and sun screenin order to avoid significantburning. It
hasnotbeen determined if there is arelationship between pho-
tosensitivity and therapy-associated squamous cell carcinoma
in this patient population.

Paradoxical activation of ERK by RAF inhibitors has been
reported by several groups. Three recent reports have explored
the potential mechanism(s) for this activation by showing that
selective BRAF inhibitors, such as PLX4720 (an analog of
RG7204/PLX4032), 885-A and GDC-0879 (selective BRAF inhibitors
of different chemical series), stimulate MEK—ERK signaling via
CRAF activation in the presence of an upstream activator (e.g. ac-
tivated RTK, RAS mutation) in melanoma and other cell lines
with only wild-type BRAF (Hatzivassiliou et al., 2010; Heidorn
etal., 2010; Poulikakos et al., 2010). These studies support a model
in which BRAF-specific inhibitors induce RAS-GTP-dependent
CRAF activation via the formation of BRAF—CRAF heterodimers
or BRAF and/or CRAF homodimers, followed by recruitment of
RAF complexes to the plasma membrane, triggering activation
of the MEK—ERK pathway. In the context of the BRAF/CRAF het-
erodimer, a selective BRAF inhibitor will inhibit the kinase activ-
ity of BRAF which is otherwise involved in the negative
regulation of CRAF activity. An alternative explanation is that
BRAF kinase activity of one molecule in a BRAF/CRAF, dimer is
inhibited while the other remains unbound by drug and there-
fore hyperactivated by the loss of the activity of one BRAF mole-
cule. Neither of these mechanisms appears to be relevant in the
context of an activating BRAF mutation. It is worthy of noting
that HRAS mutations are commonly found in cutaneous squa-
mous cell carcinomas and keratoacanthomas (Corominas
et al,, 1989). The pre-existence of keratinocytes harboring HRAS
mutations might provide the perfect context for a growth stimu-
latory effect of a selective BRAF inhibitor to produce the squa-
mous cell carcinomas with keratoacanthoma features that
have been observed in the clinical trials with RG7204/PLX4032.

This emphasizes the importance of selecting patients with
BRAFV600E mutations for treatment with RG7024/PLX4032.
The Cobas® 4800 BRAFV600 mutation assay is a diagnostic test
designed to detect the BRAFV600E mutation, the primary BRAF
mutation in melanoma. It is being codeveloped by Roche Molec-
ular Systems, Inc. and Plexxikon Inc. as a clinically validated
companion diagnostic test to identify patients who are candi-
dates for treatment with RG7204. This test is currently being
used to identify patients for clinical trials evaluating RG7204

treatment. Additional assays are being developed to ensure sen-
sitive and reliable detection of activating BRAF mutations prior
to the initiation of the selective BRAF targeted therapy.

5. Efficacy in clinical studies
5.1.  Phasel

The Phase I study reported by Flaherty et al. (2010) consisted of
adose escalation portion followed by an extension phase during
which patients received the recommended Phase II dose of
960 mg twice daily until disease progression. The two extension
cohorts consisted of 32 patients with melanoma, and 21 patients
with colorectal cancer (Kopetz et al., 2010). Among the 32 pa-
tients with melanoma carrying a BRAFV600E mutation who
took part in the extension phase, a total of 26 patients (81%)
responded to therapy with two patients achievinga completere-
sponse (Figure 4) (Flaherty et al., 2010). A subset of these patients
was evaluated with FDG-PET scan and responses were observed
in all 19 examined, indicating that FDG-PET is a potentially use-
ful marker for early biological response (McArthur et al., 2010).
Among patients with metastatic disease, responses were
recorded at all metastatic sites and there was an improvement
in symptoms for those with symptomatic disease and a reduc-
tion in the requirement for narcotic pain relief in three patients
within one to two weeks. Longer-term evaluation of patients on
this extension arm is ongoing; and has revealed a confirmed re-
sponse rate of 59%, and a progression free survival (PFS) of 7.61
months at the most recent analysis. In the colorectal cancer ex-
tension cohort, 19 of the 21 patients were evaluable for efficacy
atthe time of latest reporting (Kopetz etal., 2010). All patients re-
ceived RG7204/PLX4032 960 mg twice daily. One patient
achieved a partial response and four patients achieved minorre-
sponses (>10% shrinkage, butless than the 30% required to meet
the threshold for partial response). The median PFS was 3.7
months with two patients still on study (Kopetz et al., 2010).
Three patients with thyroid cancer carrying BRAFV600E muta-
tion took part in the Phase I study. One had a partial response
and PFS was 11, 12 and 13 months (Flaherty et al., 2010).

5.2. Phase II

A Phase II (BRIM 2) study of RG7204/PLX4032 in patients with
metastatic melanoma is currently ongoing (Sosman et al.,
2010). Interim data were presented at the Society for Melanoma
Research Congress in Sydney, Australiain November 2010. One
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Figure 4 — Best overall response among 32 patients with melanoma
treated with RG7204/PLX4032 960 mg twice daily (Flaherty et al.,
2010).
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hundred and thirty-two patients with metastatic melanoma
harboring a V60OE mutation and whose disease had progressed
after receiving at least one other standard therapy were
enrolled. In this trial, all radiographic evaluations were
reviewed by the central panel of radiologists.52% of patients
achieved partial (49%) or complete (3%) responses. An addi-
tional 30% had disease stabilization, with many having minor
degrees of tumor regression. The median PFS was 6.2 months
and median duration of response was 6.8 months, although fol-
low-up time for this cohort was quite short. The toxicity profile
observed in the larger study recapitulated the Phase I trial.

A number of additional studies are currently ongoing in-
cluding additional Phase I studies to further characterize the
pharmacokinetics, optimal dosing regimen, and possible
drug—drug interactions for RG7204/PLX4032 (NCT01164891,
NCT01107418, NCT01001299). A Phase III study (BRIMS3;
NCT01006980) is also underway to compare the efficacy of
RG7204/PLX4032 with that of dacarbazine in patients with pre-
viously untreated metastatic melanoma harboring a V600E
BRAF mutation. Enrollment for this study (target of 680 pa-
tients) is expected to be completed by December 2010 with pri-
mary outcome data (overall survival) expected in 2011/2012.

6. Mechanisms of resistance

The mechanisms by which a subpopulation of tumor cells sur-
vive BRAF inhibition upon initial treatment and subsequently
emerge as radiographically and clinically evident growing tu-
mors following a months-long response have not yet been elu-
cidated. However, the framework for understanding them has
been divided into primary/acute and secondary/acquired re-
sistance. While the first wave of results from studies in which
resistance studies purely in vitro or analyzing the small num-
bers of tumor samples that have been acquired at the time of
disease progression are awaited, hypotheses can be formu-
lated based on available molecular data in BRAF mutant tu-
mors and the precedents set by other oncogene targeted
therapies in other cancers.

6.1.  Tumor cell heterogeneity

One hypothesis to explain the survival of large or small subpop-
ulations of melanoma cells in patients treated with selective
BRAF inhibitors is the presence of BRAF wild-type cells within
one or more metastatic lesions which otherwise contain pre-
dominantly BRAF mutant tumor cells. However, several groups
investigated this possibility by analyzing multiple surgically
resected or biopsied tumors from the same patient. The nearly
uniform conclusion of these analyses is that BRAF mutation is
homogeneously present in all tumor cells within a single met-
astatic nodule and across the spectrum of multiple metastatic
sites (Gorden et al., 2003; Omholt et al., 2003; Sensi et al.,
2006) while such heterogeneity may be observed in premalig-
nant melanocytic proliferations (Lin et al., 2009).If such hetero-
geneity existed, even for a tiny subpopulation of cells, one
would expect that an analysis of BRAF mutation in tumors
from progressing patients would reveal that the dominant pop-
ulation at that time was BRAF wild-type.

Another dimension of which heterogeneity may manifest in
BRAF mutant tumors is the percentage of cells that are going
through the cell cycle during the course of BRAF inhibitor ther-
apy. Laboratory investigation suggests that such a non-cycling
fraction may exist and render such tumor cells immune to the ef-
fects of a BRAF inhibitor (Jaksch et al., 2008; Roesch et al., 2010).
However, it has not yet been possible to characterize such a sub-
population in a tumor specimen taken directly from a patient. It
is known that within a BRAF mutant melanoma tumor, there is
heterogeneity regarding MEK and ERK phosphorylation, suggest-
ing that other factors can regulate pathway activity beyond acti-
vated BRAF itself (Houben et al., 2008; Venesio et al., 2008).

6.2. Concomitant mutations

For almost as long as BRAF mutations have been known in mel-
anoma, there has been evidence that other somatic genetic
changes commonly occur within the same tumors. This is
clearly the case for PTEN mutation or deletion, p16 inactivation
by mutation, deletion, or promoter hypermethylation, AKT am-
plification, cyclin D amplification, and CDK4 amplification or
mutation (Stahl et al., 2004; Tsao et al., 2004; Curtin et al., 2005;
Gray-Schopfer et al., 2006; Muthusamy et al., 2006; Smalley
etal., 2008). The exact percentage of human melanoma tumors
that harbors each of these genetic alterations in addition to
BRAF mutation is not currently known, but is being cataloged
in clinical trial populations currently. In preclinical system it ap-
pears that PTEN loss, AKT activation, cyclin D/CDK4 activation
confer resistance to BRAF inhibitors in cell lines that harbor an
activating BRAF mutation (Smalley et al., 2006, 2008).

6.3. Drug delivery

In diverse cancer models systems, including melanoma, hetero-
geneity and tumor, blood supply and nutrient delivery have
been documented. This has been related to effective delivery
of cytotoxic chemotherapies in other tumors. And, the adminis-
tration of anti-angiogenic therapy with a result reduction in
regions of tumor hypoxia has been associated with improved
delivery of chemotherapy (Willett et al., 2004). This is thought
to be the basis by which anti-angiogenic therapies enhanced
the antitumor activity of chemotherapy in colon and lung can-
cer (Hurwitz etal., 2004; Sandler etal., 2006). Whether limited de-
livery of BRAF inhibitors into hypoxic compartment within
melanoma tumors might account for low local drug concentra-
tion and lack of efficacy remains unknown.

6.4. Compensatory signaling and resistance mutations

Chronic myelogenous leukemia, gastrointestinal stromal tu-
mor, and non-small cell lung cancer, oncogene directed ther-
apy targeting abl kinase, mutated c-KIT, or mutated epidermal
growth factor receptor creates a selective pressure for the
emergence of mutations in the target enzymes that resistance
inhibitory effects of these therapies (Branford et al., 2002;
Antonescu et al., 2005; Bean et al., 2007). If such a mechanism
underlies acquired resistance to BRAF in melanoma, simply
sequencing BRAF in tumors biopsied at the time of disease
progression should uncover them. The acquisition of addi-
tional genetic alterations that restore MAP kinase pathway
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signaling even in the presence of oncogenic BRAF and a BRAF
inhibitor is another possibility that requires exploration. In
some cases of EGFR mutant lung cancer treated with EGFR ki-
nase inhibitors, there is evidence that amplification of c-MET
is capable of restoring downstream signal transduction even
while EGFR is still being inhibited (Bean et al., 2007). The num-
ber of signaling molecules and pathways that ultimately acti-
vate the MAP kinase pathway is large, therefore the
investigation into such a mechanism of acquired resistance
must be broad-based.

7. Combination regimens

As in the cases where oncogene targeted therapy has proven
successful in other cancers, the discovery of newly acquired ge-
netic alterations that mediate resistance following initial re-
sponse to BRAF targeted therapy would logically lead to
sequential treatment strategies. As much attention has been
paid to this line of investigation, combination strategies are be-
ing investigated preclinically and clinically to counter some of
the known or anticipated mechanism of primary/acute
resistance.

It has been known since the Phase I trial of RG7204/PLX4032
that significant, but incomplete, inhibition of the MAP kinase
pathway is achieved at the maximum tolerated doses (Flaherty
etal., 2010). And, preclinical evidence suggests thateven a small
amount of residual MAP kinase pathway activity is sufficient to
mediate cell survival (Paraiso et al., 2010). Thus, one strategy
that is supported by in vitro data is to combine an allosteric
MEK inhibitor with a selective BRAF inhibitor, in the hope of
driving down MAP kinase pathway signaling to even lower
levels. It is possible that such a combination will not be tolera-
ble in terms of on-target toxicity to normal tissues, given that
selective BRAF inhibitors cause upregulation of the MAP kinase
pathway in cells with wild-type BRAF, while MEK inhibitors
would be expected to counter that (Hatzivassiliou et al., 2010;
Heidorn et al., 2010; Poulikakos et al., 2010). Such a combination
is currently being investigated in the phase 1/2 trial combining
GSK2118436 and GSK1120212 (NCT01072175).

A similarly high priority strategy for building upon single
agent BRAF targeted therapy is to take advantage of the
knowledge that PTEN deletion, AKT amplification, and p16/
cyclin D/CDK4 aberrations are commonly found in association
with BRAF mutation. As there are pharmacologic inhibitors of
both CDK4 and the PI3-kinase pathway, which are dysregu-
lated by PTEN deletion and AKT amplification, combination
regimens with these agents should be feasible in the near fu-
ture in appropriately genetically defined subpopulations of
melanoma patients harboring BRAF mutations and the rele-
vant alterations in these other pathways.

The emergence of a new generation of clinically effective
molecularly targeted agents that reverse anergy in T-cells by
blocking inhibitory receptors on their surface has provided an-
other class of novel therapies to consider combining with selec-
tive BRAF inhibitors. Ipilimumab, a CTLA4 blocking antibody,
has demonstrated a survival advantage in a Phase III trial for
the first time in history of clinical investigation in metastatic
melanoma (Hodietal.,, 2010). Ithas been hypothesized that ther-
apies which cause cell death acutely named prime the immune

system for a secondary antitumor response and there is preclin-
icalevidence to support this (Schumacher et al., 2006; Begley and
Ribas, 2008). Furthermore, there isrecent evidence that selective
BRAF inhibitors causeregulation of melanocyte lineage antigens
on the surface of BRAF mutant melanoma cells allowing for bet-
ter T-cell recognition (Boni et al., 2010). And, there appears to be
no inhibitory effect on T-cell function with such selective BRAF
inhibitors, presumably because T-cells rely on CRAF as the iso-
form that mediates MAP kinase pathway activity at that level.
With several lines of evidence supporting a potentially positive
interaction between BRAF targeted therapy and immunother-
apy, thereisincreasingenthusiasm in the melanoma field toini-
tiate investigations with the newer generation of immunologic
agents as well as cytokine-based immunotherapy.

Lastly, the combination of anti-angiogenic therapy with
BRAF targeted therapy is of interest due to the success of this ap-
proachin other cancers where cytotoxic chemotherapy was uti-
lized as the tumor directed backbone. The difficulty in knowing
how to proceed with such a strategy in melanoma is that indi-
vidually effective anti-angiogenic therapy has not yet been clin-
ically developed. There is some evidence that the VEGF ligand
targeted antibody, bevacizumab, can modestly augment the ac-
tivity of largely inactive cytotoxic chemotherapiesin melanoma
(O’Day et al.,, 2009). However, there is also evidence that mela-
noma angiogenesis is driven by other factors that are at least
as important as VEGF in the setting. Basic FGF is one such factor
that has been implicated in melanoma pathophysiology, and is
notable that the most highly active single agent anti-angiogenic
agent evaluated to date is an orally available inhibitor of both
VEGF and FGF receptors (Fruehauf et al., 2008).

8. Conclusions

The discovery of BRAF mutations in melanoma and the emer-
gence of highly selective inhibitors that have produced evidence
of unprecedented clinical benefithave energized the melanoma
field. Atthe same time, the clinical limitations of this therapy are
already evident and attention must be focused on understand-
ing the other molecular mediators of melanoma cell survival
that maintain a subpopulation of tumor cells in the face of
BRAF targeted therapy. Similarly, it is critical to understand
what prior changes occur in the tumor that permit growth fol-
lowing theresponse to BRAF inhibitors. These two lines of inves-
tigation will provide the most rational basis for assembling
combinations for sequential treatment strategies to make the
next quantum leap in outcome for this patient population.
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