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Abstract: Metastatic melanoma is an aggressive, rapidly progressive disease which historically
had very few effective treatment options. However, since 2011, the therapeutic landscape of
melanoma has undergone a dramatic transformation with two distinct approaches and has
catalyzed the successful advancement in the clinical field of immuno-oncology. In addition, the
recognition of a key oncogenic driver mutation in melanoma, BRAF, stimulated the develop-
ment of multiple potent kinase inhibitors which has also influenced the expansion and use of
targeted agents in the practice of oncology. Vemurafenib, the initial BRAF inhibitor approved
for the treatment of melanoma, was the first agent to demonstrate rapid clinical responses and
significantly improved survival which was a clinical breakthrough in the treatment of mela-
noma. Although exciting and practice changing, the unparalleled responses with vemurafenib
are usually not sustained. Further investigations delineated several mechanisms of acquired
resistance which are most often mediated by the upregulation of the MAPK pathway. MEK
inhibitors, another class of small-molecule inhibitors, were developed as an alternative agent to
suppress the MAPK pathway downstream, independent from BRAF activation. Multiple studies
have demonstrated the improvement in antitumor activity when MEK inhibitors are used in
combination with BRAF inhibitors in the treatment of metastatic melanoma. This is a review
of the investigations that led to the US Food and Drug Administration approval in 2015 of the
combination of vemurafenib and cobimetinib, adding to the quickly growing armament for the
treatment of advanced or metastatic melanoma with a BRAF V600 mutation.
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Introduction

The incidence of melanoma has been increasing for several decades, particularly in the
population over 50 years of age.! It is estimated that in 2016, it will be the fifth most
common cancer diagnosed in American men and the seventh most common cancer
in American women.' Most patients are diagnosed with localized disease and can be
treated successfully early on with surgical resection; however, there are still individuals
who present with or subsequently will develop disseminated disease. Historically, the
prognosis of those with stage IV melanoma was poor with half of patients dying within
8—10 months of diagnosis.>* Now, however, the treatment of metastatic melanoma is
rapidly evolving and translating to longer survival and improved outcomes for many
patients. This is in part due to the increased understanding of the pathogenesis of mela-
noma, especially with the discovery that the MAPK pathway is the key signaling pathway
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in the development of melanoma. Better understanding of
this mechanism of proliferation has led to the identification
of multiple targeted therapies which has translated into
a substantial improvement in the outcomes of patients with
metastatic melanoma. It is worth noting that the advance-
ments made in targeted therapy have coincided with the
exciting evolution of immuno-oncology. This is a review of
the use of vemurafenib and cobimetinib for the treatment of
advanced or metastatic melanoma.

Origin of BRAF inhibitor therapy

for metastatic melanoma

In the pathogenesis of melanoma, constituent activation of the
MAPK pathway is often involved. This employs a complex sig-
naling pathway through a small G protein (RAS) and three pro-
tein kinases (RAF, MEK, ERK). Oncogenic activation of this
pathway can arise from mutations in any of the pathway com-
ponents or promoters.* Typically, the important downstream
mediators in the MAPK cell signaling pathway are simulated
by the activation of RAS which then signals downstream via
the interaction between the serine—threonine kinases, BRAF
and CRAF >¢ In BRAF wild-type cells, the BRAF kinase is acti-
vated by homo- or heterodimer formation with other RAF iso-
forms such as ARAF or CRAF.>¢ In BRAF-mutated cells, the
BRAF kinase remains constitutively activated in a monomeric
state, with a >400-fold increase in kinase activity.>”’ Upon
activation of RAF, there is an interaction with downstream
MEK kinases (MEK1 and MEK?2) which initiates MEK phos-
phorylation that in turn facilitates an activating phosphoryla-
tion of ERK which promotes oncogenesis.>*® Ultimately, the
activation of ERK results in cellular proliferation along with
migration and angiogenesis, accompanied by a deterrence of
apoptosis, thereby promoting malignant cell growth.!® In the
pathogenesis of melanoma, there is staunch reliance upon this
signaling cascade. The most common mechanism by which
this occurs is through activating mutations in BRAF which is
present in ~50% of all advanced cutaneous melanomas.'! The
most common BRAF mutation is a single-nucleotide mutation,
thymine to adenine, at position 1799 in the activation segment
of the kinase domain which results in a substitution of glutamic
acid for valine at codon 600 (V600E). This point mutation is
identified in ~80% of BRAF mutations. The next most com-
mon mutation replaces two nucleotides, guanine and thymine,
for adenine at positions 1798 and 1799, respectively, resulting
in an alternate substitution of lysine for valine at codon 600
(V600K).> The mutations at V600 result in increased kinase
activity, and typically, these mutations are not associated with
other oncogenic driver mutations, such as NRAS or KIT.?

After attempts to inhibit BRAF by using the multi-kinase
inhibitor sorafenib were clinically unsuccessful, vemurafenib
was developed as a potent kinase inhibitor with a particular
specificity for the ATP-binding pocket of the activated,
mutant BRAF kinase, particularly the V60OE variant. Vemu-
rafenib was the first selective, reversible, V600 BRAF kinase
inhibitor developed. The Phase I trial (BRIM-1) that investi-
gated escalating doses of vemurafenib recommended 960 mg
twice daily as the maximum tolerated dose on the basis of
safety, pharmacodynamic, pharmacokinetic, and efficacy
data.'> From the Phase I trial of vemurafenib, there was an
extension cohort of 32 patients with BRAF V600E mutations,
which at the time demonstrated an unprecedented overall
response rate of 56% (Table 1).!> The Phase 11 (BRIM-2)
trial corroborated a response rate of 53% (including 6%
with a complete response); the median overall survival (OS)
was 15.9 months and the median progression-free survival
(PFS) was 6.7 months.? Of note, ~24% of patients in the
Phase II trial went on to receive ipilimumab after progres-
sion, but when these patients were censored from analysis,
it did not significantly change the median OS.? Both trials
reported similar toxicity profiles with the most common
reported adverse events related to cutaneous toxicities such
as photosensitivity, rash, and the unexpected development
of cutaneous squamous cell carcinomas (SCCs). Arthralgia,
fatigue, alopecia, and asymptomatic elevated transaminases
were also reported.>!? Of note, there was one patient who
died due to rapid progression of melanoma and acute renal
failure which may have been related to vemurafenib.? The
safety results reported in the Phase II, BRIM-2, trial showed
that 45% of patients required a dose reduction and 64% of
patients required dose interruptions which were most often
made due to rash, arthralgia, elevated liver enzyme levels,
and photosensitivity reactions.” The median dose of vemu-
rafenib was reported to be 1,740 mg/day which was 91% of
the intended dose of 1,920 mg/day.’

Vemurafenib monotherapy was further examined in
BRIM-3, a Phase III multicenter, international trial which
randomized 675 patients with melanoma who had V600
mutations (including 20 patients with atypical mutations,
ie, V600K or V600D) to vemurafenib versus dacarbazine
until disease progression.!* The response rates and toxicities
associated with vemurafenib were similar to the results from
the previous trials. Adverse events leading to dose modifica-
tion or interruption were reported in 38% of patients treated
with vemurafenib." This trial also demonstrated that patients
with an alternative activating mutation in BRAF, that is, the
V600K mutation, also benefited from vemurafenib with
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such as an elevated lactate dehydrogenase (LDH) level and
asymptomatic brain metastases, the elderly, and those with a
poor performance status as rated by the Eastern Cooperative
Oncology Group (ECOG) as =2.?° There were 3,226 patients
enrolled in this single-arm study which confirmed the toxic-
ity profile previously shown with vemurafenib therapy, and
the incidence of grade 3 or 4 events was similar.?’ This trial
demonstrated that the presence of brain metastases or elevated
LDH did not change the incidence of adverse events. Though,
elderly patients (defined as =75 years) and those with an
ECOG performance status =2 did have higher incidence
of grade 3 and 4 toxicities and also were more likely to dis-
continue therapy due to adverse effects.?” The most frequent
adverse effects listed as cause of dose modification or dis-
continuation were the development of cutaneous SCCs and
keratoacanthomas, and QTc prolongation.?’ In addition, there
were 20 patients who died due to adverse events from vemu-
rafenib.?’ The most common grade 5 adverse events reported
were general deterioration in health (five patients), cerebral
hemorrhage (four out of five had existing central nervous
system [CNS] metastases), cerebrovascular accident (four
patients), and pulmonary embolism (four patients).”® Also of
note, there were ten new primary malignancies reported that
developed while on treatment including non-cutaneous SCCs,
cutaneous T cell lymphomas, adenocarcinoma of the colon,
Kaposi’s sarcoma, and urothelial carcinomas.?

Identified mechanisms of acquired
resistance to BRAF inhibitor

monotherapy

Another crucial issue that arose with selective BRAF inhibi-
tion was the limited durability of response. The activity of
vemurafenib was characterized by a rapid response initially
with several patients attaining substantial tumor reduction
after just 14 days of therapy. Unfortunately however, the
vast majority of patients treated with a BRAF inhibitor
eventually progress due to the development of resistance.
For instance, the Phase III trial comparing vemurafenib
to dacarbazine greatly favored vemurafenib, though the
median PFS was only ~7 months.*!* In addition, there were
10%—15% of patients treated with vemurafenib without an
initial response to therapy suggesting an intrinsic mechanism
of resistance.?! The development of an acquired resistance
was similarly reported in the Phase III investigation with
dabrafenib versus dacarbazine with half of patients devel-
oping resistance ~5 months after starting treatment.'s Thus,
further investigation into the underlying mechanisms of
resistance was essential.

In general, the development of resistance to targeted
kinase inhibitors in all tumor types is thought to occur by
three different mechanisms: 1) a secondary reactivating
mutation in the kinase, 2) the development of a mutation
in an associated gene that bypasses the inhibited kinase, or
3) activation of another growth pathway. Most tumor types
develop resistance to a targeted therapy via the first mecha-
nism. For example, the T790M mutation in EGFR-mutant
adenocarcinoma of the lung.?! Conversely, the mechanisms
described for acquired BRAF inhibitor resistance are
diverse but ultimately lead to reactivation of the MAPK
pathway, ie, by the second mechanism. For instance, this
was demonstrated from molecular analyses performed on
biopsy samples from the BRIM-2 trial were performed at
baseline, during treatment (cycle 1, day 15), and at progres-
sion to evaluate for potential biomarkers and mechanisms
of resistance while on therapy.?? A clear observation was the
reactivation of independent oncogenic signaling through the
MAPK pathway at progression exhibited by increased levels
of phosphorylated ERK.*

As mentioned, there are several diverse mechanisms
described leading to MAPK pathway reactivation after treat-
ment with a BRAF inhibitor which have been further catego-
rized as MAPK -redundant or MAPK-related mechanisms.?
The MAPK-redundant mechanisms that have been described
lead to upregulation or dysregulation of alternative bypass
pathways such as the PI3K/AKT pathway (eg, by activat-
ing mutations of PI3K or AKT).*'"** Alternatively, loss of
the inhibitor function of PTEN or mutational inactivation
of PTEN can also lead to dysregulation of the PI3K/AKT
pathway.?* The upregulation of cell surface receptor tyrosine
kinases such as EGFR, insulin-like growth factor-1 receptor,
or platelet-derived growth factor receptor-3 can also lead to
subsequent signaling through PI3K/AKT.?"222427

However, it is much more common to find mechanisms
that lead to MAPK-related resistance.?! The miscellany of
mechanisms described includes 1) BRAF V600 gene ampli-
fication, 2) alternate splicing of BRAF V60OE mRNA lead-
ing to enhanced dimerization, 3) development of NRAS (or
less frequently K/H-RAS mutations), 4) MEK /2 mutations,
5) COT1 overexpression, 6) CRAF overexpression, or 7)
CDKN2A loss.?!222527.28 The relative abundance and clinical
significance of each of these mutations is not well understood.
It is widely recognized that there is significant intra- and
inter-tumor heterogeneity in the mechanisms of acquired
BRAF resistance that develop,*** which demonstrates the
tremendous genetic selective pressure to restore MAPK
signaling for tumor proliferation. Although, despite this
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heterogeneity, for the majority of progressive tumors, each
subclonal population of cells often develop only a single
mechanism of resistance.?

A study evaluating the molecular profile of five
BRAF-resistant metastases compared to a pretreatment sam-
ple obtained from a single patient treated with vemurafenib
demonstrated the extent and variation of independently arising
resistance mutations in a single patient.?* In addition, there was
evidence of a small subpopulation of cells that harbored a resis-
tance-conferring mutation prior to starting therapy, thus allowing
a proliferative advantage once a BRAF inhibitor was started.”*
This has previously been described for tumor samples that
contain both NRAS and BRAF mutations. At baseline, mutations
in NRAS and BRAF in a single cell are thought to be mutually
exclusive, although coexisting mutations have been identified in
rare circumstances, which again may allow for clonal expansion
of resistant tumor cells once BRAF inhibitor therapy is initiated
and may confer an intrinsic resistant phenotype.?

The clinical outcome associated with specific resistance
mechanisms is another area that requires further exploration.
A meta-analysis performed on a large cohort of tumor biop-
sies after progression, obtained from 100 patients enrolled
in prior studies with vemurafenib and dabrafenib, was able
to demonstrate a few clinically relevant associations with
particular mutations.” For instance, patients treated with
vemurafenib were more likely to develop NRAS mutations
(odds ratio [OR] 3.53, P=0.045).? In addition, patients with
NRAS mutations were more likely to have CNS metas-
tases at baseline (OR 4.57, P=0.037) and also showed a
marginal association with disease progression in the brain
(OR 3.05, P=0.066).” Patients with MEK 1/2 mutations were
more likely to demonstrate progressive disease in the liver
(OR 7.61, P=0.011). Of note, there were no statistically
significant differences in OS identified among patients with
tumors harboring particular resistance mechanisms.?

The burgeoning role of MEK

inhibitors

MEK inhibitors in preclinical studies were promising as
an alternative targeted approach to therapy for melanoma.
In vitro, MEK inhibitors demonstrated a stronger inhibition
of both BRAF- and NRAS-mutated melanomas in comparison
to vemurafenib.’® In the initial Phase III trial evaluating the
use of the MEK inhibitor trametinib (the first US Food and
Drug Administration [FDA]-approved small-molecule, selec-
tive, allosteric inhibitor of MEK 1 and MEK?2) in the first-line
setting as a single agent, there was a significant improvement
in the clinical response as compared to dacarbazine, despite

allowing for crossover at progression.®' The median PFS was
4.8 versus 1.5 months (HR 0.45, P<<0.001) and the median OS
had not yet been reached at publication, but risk of death was
lower in the trametinib arm (HR 0.54, P=0.01).' However,
indirect comparison showed that the response rate and PFS
was lower than previously demonstrated for the BRAF inhibi-
tors. In addition, the Phase II trial had a cohort of patients
who were enrolled to the sequential use of trametinib after
progression on a BRAF inhibitor, which showed minimal
clinical activity with only 20% of patients demonstrating
tumor reduction.’?> The median PFS was only 1.8 months (95%
confidence interval [CI], 1.8-2.0 months), and the median
OS was 5.8 months (95% CI, 4.1-9.0 months).*> Though
trametinib was approved as a single agent in the treatment
of metastatic melanoma with a BRAF V600 mutation, it was
rarely used as such due to the perceived inferior efficacy
compared to the single-agent BRAF inhibitors. Cobimetinib is
a potent, selective MEK 1/2 inhibitor that maintains its inhibi-
tory effect when MEK is phosphorylated and ultimately leads
to decreased ERK1/2 phosphorylation.** The most common
toxicities reported with trametinib and cobimetinib include
rash, diarrhea, fatigue, and peripheral edema.’>3

Improving treatment efficacy with
a combined targeted therapy

approach

As previously discussed, the upregulation of the MAPK
pathway is the predominant way tumor cells overcome BRAF
inhibitors. Transitioning to a MEK inhibitor upon resistance
did not offer a significant therapeutic benefit. Thus, both
the molecular mechanisms of acquired resistance and the
toxicities associated with paradoxical MAPK activation with
single agent BRAF inhibitor therapy led to the consideration
of using a combined targeted therapy approach using both
BRAF and MEK inhibitors. The aim was to further sup-
press tumor growth, delay or prevent acquired resistance by
silencing tumor subclones and preventing the resurgence of
MAPK upregulation, as well as inhibit the proliferation of
other nonmelanoma subclinical tumor cells harboring RAS
mutations.

Cobimetinib was first investigated in combination with
vemurafenib in the Phase Ib trial (BRIM-7), an open-label,
multicenter, dose escalation study, to assess the safety,
tolerability, pharmacokinetics, and activity of cobimetinib
in combination with vemurafenib. Initially, only patients
who had progressed on vemurafenib were enrolled, but
the protocol was later amended to include patients with a
BRAF V600 mutation who were BRAF or MEK inhibitor
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treatment naive.*® The results from these two cohorts were
assessed separately.

This study had two stages, an initial dose escalation stage
followed by a cohort expansion. Vemurafenib was given in
two different dosing schedules either at 720 mg twice daily
or at the FDA-approved dose of 960 mg twice daily in a
continuous 28-day cycle.*® This was given in combination
with escalating doses of cobimetinib in three different 28-day
cycle regimens: 14 consecutive days of cobimetinib followed
by a 14-day drug holiday (14/14), 21 consecutive days of
cobimetinib followed by a 7-day drug holiday (21/7), oras a
continuous daily schedule (28/0).3° In a Phase I multicenter,
open-label dose escalation study of single-agent cobimetinib,
the maximum tolerated dose given on a 21-day, 7-day-off
schedule was 60 mg once daily.*

Initially, most patients were enrolled in the cohorts with
vemurafenib and cobimetinib given on the 14/14 schedule
at escalating doses.®® Of note, the majority of the patients
enrolled in the cohorts with the 14/14 schedule were those
who had recently progressed on vemurafenib monotherapy.
For some patients enrolled in the cohorts with the cobi-
metinib 14/14 schedule, it seemed that there was an initial
tumor response while taking cobimetinib, but during the
14-day off period, there was evidence of tumor regrowth;
thus, no further patients were accrued into the cohorts with
a cobimetinib 14/14 schedule.’® There was no evidence of
tumor regrowth among the patients enrolled in the cohorts
with the 21/7-day schedule of cobimetinib.* In the cohort
assigned to vemurafenib 960 mg twice daily with cobime-
tinib 60 mg daily (28/0), there were two out of four patients
who had a dose-limiting toxic effect (grade 3 stomatitis and
fatigue, or grade 3 arthralgia and myalgia); thus, vemurafenib
960 mg twice daily and cobimetinib 60 mg daily (21/7)
(cohort 1B) was defined as the maximum tolerated dose of
the combination.*

Cohorts 1A (vemurafenib 720 mg twice daily with cobi-
metinib 60 mg daily, 21/7) and 1B (vemurafenib 960 mg
twice daily with cobimetinib 60 mg daily, 21/7) were chosen
for the expansion stage as they were both declared safe and
tolerable. In addition, each of these cohorts provided optimal
dosing of therapy. For instance, in cohort 1A this delivered
the maximum tolerated dose and schedule of cobimetinib
when investigated as a single agent and for cohort 1B, the pre-
viously approved dose and schedule of vemurafenib.?* There
were no dose-limiting toxic effects recorded in the expansion
cohort of either 1A or 1B.% The expansion cohorts included
both patients who had recently progressed on vemurafenib
monotherapy and BRAF inhibitor-naive patients.

In total, 129 patients were enrolled; 66 patients had
recently progressed on vemurafenib monotherapy, and
63 patients had never received a BRAF inhibitor. There were
more patients who were BRAF inhibitor naive (62%) treated
at the maximum tolerated dose of each drug compared to the
41% of patients previously treated with a BRAF inhibitor.*
When comparing the characteristics of each population, the
patients who had previously progressed on vemurafenib
monotherapy were more likely to have an ECOG perfor-
mance status of 1, an elevated LDH, and stage IV Mlc
disease.®

Pharmacokinetic data showed no variation in the dose
of vemurafenib when coadministered with cobimetinib. The
patients who had recently progressed on vemurafenib were
allowed to remain on vemurafenib beyond progression, up
until cycle 1 day 1 of the combination. The day —1 maximum
drug plasma concentration and area under the concentration—
time curve at steady state for single-agent vemurafenib dosing
were comparable to the cycle 1 day 14 concentrations of
vemurafenib in combination with cobimetinib.?* Likewise,
the maximum drug plasma concentration and area under
the concentration—time curve at steady state were similar
for cobimetinib single-agent dosing and cobimetinib in
combination with vemurafenib. Vemurafenib is primarily
metabolized by CYP3A and is a mild inducer of CYP3A.*
Cobimetinib is not an inducer or inhibitor of CYP3A and is
metabolized by CYP3A4 and UGT2B7.%

Overall, there were more reported adverse events with
greater severity for patients who had not received prior BRAF
inhibitor therapy (Table 2). There were several postulated
explanations for this observation. The patients who were
BRAF inhibitor naive were on therapy for a longer dura-
tion and thus with longer exposure had more opportunity
to develop toxicities. Another reason may have been that
for those previously treated with vemurafenib, the cohort
that they were randomized to may have been appropri-
ated to a lower dose of vemurafenib.** In addition, patients
previously exposed to vemurafenib may already have had
ongoing management of vemurafenib-related toxicities or,
for example, as in the case with photosensitivity, aware-
ness of how to avoid development (ie, sunscreen or skin
covering prior to sun exposure).>> When the known MEK
inhibitor-related toxicities were evaluated, for example,
diarrhea, cardiac events, and retinopathies, these were also
found to be more common in the BRAF-naive population.
The most common MEK-associated adverse events were
diarrhea, acneiform rash, and an increase in creatine phos-
phokinase activity (without rhabdomyolysis).* There was
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Table 2 Comparative toxicities of vemurafenib plus cobimetinib

Vemurafenib +
cobimetinib in patients

Vemurafenib +
cobimetinib in BRAF

Vemurafenib + Vemurafenib (in

cobimetinib in Phase Ill  extended safety study)®

previously treated inhibitor-naive trial (vs

with BRAF inhibitor® patients® dacarbazine)*
Rash 33(2) 87 (14) 39 (6) 49 (5)
Diarrhea 47 (3) 83 (8) 56 (6) 16 (<)
Fatigue 27 (2) 70 (10) 32 (4) 34 (3)
Photosensitivity 15(2) 67 (3) 28 (2) 31 (2)
Liver laboratory abnormality 33 (6) 67 (19) <46 (<20) 13 (5)
Cutaneous SCC 2(8) FE(rn <3(2) 14 (12)
Elevated CPK 15(2) 43 (3) 311 NR
Central serous retinopathy 0 3 (0) <13 (<) NR
Decreased ejection fraction NR NR 8 (1) NR
QTc prolongation 8(3) 6(2) <4 (<) 10 (2)

Note: Data shown as % total (% grade 3/4).

Abbreviations: SCC, squamous cell carcinoma; CPK, creatine phosphokinase; NR, not reported.

a patient in the BRAF-naive population who developed
grade 3 symptomatic congestive cardiomyopathy which
resulted in permanent discontinuation of cobimetinib, and
the cardiomyopathy improved when transitioned to vemu-
rafenib monotherapy.’> Of note, intermittent surveillance of
cardiac function by echocardiography was not performed as
part of this trial; thus, the detection of asymptomatic cardiac
dysfunction may be underrepresented.

As would be expected, given the trend for more adverse
events in the vemurafenib-naive group, there were more
dose modifications with either interruptions or reduc-
tions made in the BRAF-naive patients. For patients
who had previous exposure to BRAF monotherapy, 27%
required dose interruption or reduction of vemurafenib,
21% required interruption or reduction in cobimetinib, and
20% required dose interruption or reduction of both agents.?
In the BRAF-naive group, 71% required dose interruption or
reduction of vemurafenib, 57% required dose interruption or
reduction of cobimetinib, and 54% required a dose interruption
or reduction of both agents.* In the BRAF-naive population,
there were two patients who had permanent withdrawal of both
vemurafenib and cobimetinib, due to grade 3 rash in one and
grade 3 QTc interval prolongation in the other. Vemurafenib
was permanently discontinued in two patients, due to a grade 4
rise in y-glutamyltransferase activity in one and a grade 2 rise
in creatinine in the other.’> Despite the frequent dose modifi-
cations, only 5% of patients in cohort 1B (the recommended
Phase III dose) required permanent discontinuation.*

A clinically relevant observation was that the BRAF-
naive population demonstrated a better response and clini-
cal outcome in comparison to the patients who had recently
progressed on a BRAF inhibitor. This is likely related to the

tumor heterogeneity that arises in BRAF inhibitor therapy.
Separate subclones with varying mechanisms of resistance
may be working in parallel to upregulate the MAPK pathway,
which then cannot be overcome with the addition of a MEK
inhibitor after development, thereby allowing subpopulations
unresponsive to MEK inhibition to have a survival advantage
and be selected out among the heterogeneous population of
tumor cells.® Thus, the combined inhibition of BRAF and
MEK is most effective when used at the onset of treatment
to delay selective pressures that can induce varying genomic
or potentially epigenetic changes.*

The overall objective response rate for those previously
treated with a BRAF inhibitor was 15% (with no complete
responses observed) compared to 87% (and 10% with com-
plete response) for BRAF-naive patients.* Extended follow-up
reported at the 2015 American Society of Clinical Oncology
(ASCO) meeting noted an additional four patients in the
BRAF-naive cohort who later also had a complete response
(16% complete response).’® The durability of response was
better among the BRAF-naive patients, and the median
PFS did not change with extended follow-up (13.7 months,
95% CI, 10.1-17.5).53¢ This is a notable improvement in
comparison to the patients who had previously progressed on
a BRAF inhibitor alone with a PFS of 2.8 months (95% CI,
2.6-3.4) and to the historically reported PFS with vemurafenib
monotherapy of 6.9 months.>* This again demonstrates the
improved efficacy and outcome with delaying the emergence
of resistant tumor clones and that the addition of a MEK
inhibitor after developing resistance to a BRAF inhibitor was
not able to overcome these mechanisms to lengthen the dura-
tion of response to the same meaningful degree. The median
OS for the BRAF inhibitor pretreated group was 8.3 months
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(95% CI, 5.95-10.87) with an estimated 1-year survival of
32% (95% CI, 19-45). In comparison, the median OS for the
BRAF-naive group had not yet been reached at the time of
publication, but the estimated 1-year survival was 83% (95%
CI, 73-93),% and the extended follow-up results showed that
the median OS was 28.5 months.*

The combination of vemurafenib and cobimetinib was
further investigated in the Phase III trial (coBRIM), an
international, multicenter randomized trial that again made
evident the improvement in response rate and PFS when cobi-
metinib was used in combination with vemurafenib. In the
coBRIM trial, 495 previously untreated patients with unre-
sectable, locally advanced stage IIIC or stage IV melanoma
with a V600 mutation were randomized to the combination
of vemurafenib 960 mg twice daily plus cobimetinib 60 mg
daily (21/7) compared to vemurafenib 960 mg twice daily
plus placebo.?* The groups were evenly matched in regard to
stage, performance status, visceral metastatic disease, history
of brain metastasis, and elevated LDH (43% in the control
group, 46% in the combination group).3

The objective response rate was much higher in the combi-
nation group as compared to the control group (68% versus 45%,
P<0.001), and there was a higher rate of complete responses
seen in the combination group as well (10% versus 4%).>*
The median duration of response was not reached in the combi-
nation group, but in the control group, it was 7.3 months (simi-
lar to previously reported vemurafenib monotherapy). The PFS
again favored the combination group, with half of patients in the
combination arm demonstrating a PFS 0f 9.9 months compared
to 6.2 months in the control group (HR 0.51, P<<0.001).3* The
interim analysis of the OS was not yet mature at publication,
but the rate of OS reported at 9 months for the combination
was 81% versus 73% (HR 0.65, P=0.046).34

There was an update from extended follow-up presented
at the 2015 ASCO meeting after a median follow-up of
14.2 months that showed the median PFS for the combina-
tion group was 12.3 versus 7.2 months for the control group
(HR 0.58, 95% CI, 0.46-0.72).37 The overall response rate
was as similarly reported (70% versus 50% with a complete
response rate of 16% versus 11%).%” The final update on OS
was presented at the 2015 Society for Melanoma Research
(SMR) conference after a median follow-up of 18.5 months.
The patients treated with the combination of cobimetinib
and vemurafenib had a median OS of 22.3 months (95% CI,
20.3—not reached), in comparison to 17.4 months of the
vemurafenib plus placebo arm (HR 0.70, P=0.005).3

In terms of safety, most of the toxicities observed with
the combination of vemurafenib and cobimetinib were mild

to moderate (grade 1-2) with the most common adverse
events reported being photosensitivity and rash, elevated liver
transaminases, elevated creatine phosphokinase, and diarrhea
(Table 2).* The toxicities appeared to improve with time
on therapy with many toxicities resolving after 4 months of
therapy and the most severe toxicities were typically reported
in the first 28 days of treatment.* There were equivalent
rates of grade 3 adverse events (49%) between the two study
groups. There were fewer grade 4 events reported (9% in the
control group versus 13% in the combination group), and
half of these were due to asymptomatic laboratory abnor-
malities including elevated liver transaminases and creatine
phosphokinase levels.** The most common grade 4 event in
the combination arm was an asymptomatic elevation of the
creatine phosphokinase level, which was reported in 4% of
patients. There were more reported gastrointestinal events in
the combination group, diarrhea (all grades, 56% versus 28%),
nausea (all grades, 40% versus 24%), and vomiting (all grades,
21% versus 13%), compared to the control group. Despite
the differences between the incidence and types of adverse
events between the two groups, there was not a significant
difference between the two groups in regard to the number
of patients who required study drug discontinuation (13% in
the combination versus 12% in the control group).**

When looking at MEK inhibitor class effects, the combi-
nation had a higher frequency of central serous retinopathy;
though the majority of events were grade 1 or 2 and were
reversible in most cases without treatment.* A small frac-
tion did require a dose reduction or discontinuation of
cobimetinib.* It is worth noting that a potential benefit of
the 21/7-day schedule of cobimetinib was that this allowed
time for recovery of the ocular toxicity during the drug holi-
day when present; thus, patients did not require additional
intervention and could continue on therapy without dose
interruption or reduction. Subjects did have intermittent sur-
veillance of cardiac function by echocardiogram or multigated
acquisition scans (MUGA) during the study, and the rate of
clinically significant cardiac events was low and relatively
similar between the two arms.** There were some adverse
events that were more common in the control group such as
keratoacanthomas, alopecia, and arthralgias. Of particular
interest again was the confirmation of decreased incidence of
cutaneous SCC in the combination group (<3% versus 11%
in the control group).*

There were six grade 5 events that were reported as
being related to therapy in the combination group and three
grade 5 events reported in the control group.** The five deaths
in the combination group were identified as being due to
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cardiac arrest (one patient), pneumonia (one patient), fatigue
and asthenia (one patient), cerebral hemorrhage (one patient,
although progressive disease was listed as cause of death),
hemiparesis (one patient, progressive disease listed as cause
of death), and one death was due to an unspecified event.>

This trial added further support to the benefit seen when
BRAF and MEK inhibitors are used in combination upfront
for the treatment of advanced melanoma with a BRAF V600
mutation, as a targeted therapeutic approach. The improve-
ment in median PFS, response rate, and decreased incidence
of secondary cutaneous SCCs seen with the combination
of vemurafenib and cobimetinib are similar to the findings
observed with the combination of dabrafenib and trametinib
in the COMBI-D and COMBI-V trials.***! In addition,
all three trials showed that those with an atypical V600K
mutation also derived clinical benefit from the combination
therapy, though this was less robust than the benefit derived
by those with a V60OE mutation.**' In the coBRIM trial,
the V600K mutation subgroup analysis showed a reduc-
tion in the risk of progression with an HR or 0.27 favoring
the combination of vemurafenib and cobimetinib.?* In the
COMBI-V trial, the V600K mutation subgroup demonstrated
an HR for progression or death of 0.71.%! In the COMBI-D
trial, the V600K subgroup showed an HR for progression
or death of 0.68.%

Another significant point that was demonstrated with
all three of the combination BRAF/MEK inhibitor Phase
III trials was the identification of patient factors that might
predict worse outcomes. One high-risk group is the subset
with an elevated LDH which has long been recognized
as a poor prognostic indicator in patients with metastatic
melanoma. From the update presented of the coBRIM trial
at the 2015 SMR conference, after extended follow-up, the
median OS in patients with an elevated LDH treated with
combination cobimetinib and vemurafenib was 14.8 months
as compared to 11.2 months for the vemurafenib plus placebo
arm (HR 0.77).%% In contrast, for those patients with a normal
LDH in the combination arm, the median OS was not yet
reached, and in the vemurafenib plus placebo arm, the median
OS was 23.3 months (HR 0.59).%

In the COMBI-D trial, the median PFS in the subgroup
with an elevated LDH in the dabrafenib plus trametinib
combination group was also lower at 7.1 months (as com-
pared to 9.3 months in the entire combination group).*’
This was in comparison to the dabrafenib monotherapy
subgroup with an elevated LDH which had a median PFS
of 3.8 months (as compared to 8.8 months in the entire
monotherapy group), with an HR for death or progression

0f0.64 (95% CI, 0.42—0.95).%° In the COMBI-V trial, for the
combination group treated with dabrafenib plus trametinib
in comparison to vemurafenib monotherapy, the HR for
progression or death was 0.56 (95% CI, 0.46-0.69).*' This
was in comparison to the subgroup with an elevated LDH
which had an HR of progression or death of 0.72.4!

Though these trials cannot be directly compared, it
is worth noting that there are some baseline differences
between the two groups in these trials. In both the COM-
BI-D and COMBI-V trials, there were about a quarter of
patients enrolled who had received immunotherapy prior to
enrollment.***! Though these patients had progressed prior to
enrollment, it is unclear whether there may be any influence
on the durability of response for those patients previously
treated with immunotherapy prior to enrollment. In the
coBRIM trial, all patients enrolled were treatment naive.
In addition, the proportion of patients with an elevated LDH
(known to be associated with decreased response and dura-
bility to combination therapy as described) ranged between
32% and 37% in the COMBI-V and COMBI-D trials.*#!
In comparison, for the coBRIM trial, the vemurafenib and
cobimetinib arm enrolled 46% of patients with an elevated
LDH, while the vemurafenib control arm had 43% of patients
with an elevated LDH.*

Additional strategies to overcome

acquired resistance mechanisms

Though the combination of vemurafenib and cobimetinib
improved the response, PFS, and OS, unfortunately, the
majority of patients eventually developed resistance to the
combination as well. The reported mechanisms underlying
acquired resistance to the combination BRAF/MEK inhibitor
therapy are similar to the mechanisms for BRAF inhibitor
monotherapy with restoration of MAPK signaling. A study
using whole-exome sequencing and whole-transcriptome
sequencing (RNA-seq) on tumor samples from five patients
with acquired resistance to combined dabrafenib and tram-
etinib therapy demonstrated that some of the MAPK pathway
mutations that arise in the setting of monotherapy such as
MEK1/2 mutations, BRAF amplification, and BRAF splice
isoforms were also identified after exposure to combination
therapy and thus may confer cross-resistance to combination
therapy.** This may help explain the intrinsic resistance dis-
played in those patients who received combination BRAF/
MEK inhibitor after progression on BRAF inhibitor mono-
therapy. In addition, there continued to be several MAPK
pathway alterations demonstrating that BR4F-mutant mela-
noma maintains a continued reliance on MEK/ERK signaling
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despite combined pathway inhibition.** Thus, the develop-
ment of small-molecule ERK inhibitors may provide a way to
overcome multiple varying resistance mechanisms that arise
in the MAPK pathway and these agents have already begun to
enter clinical trials.** Alternative pathway upregulation may
also play a role; there is evidence that in vitro dual-BRAF/
MEK-resistant cell lines demonstrate hyperactivation of the
PI3K/AKT pathway as well.*

Recalling the pathogenesis of cutaneous SCCs that can
arise on BRAF inhibitor monotherapy and the paradoxical
activation of MAPK signaling that drives cellular prolif-
eration demonstrates the concept of drug dependency for
cellular proliferation. It has been demonstrated that inter-
mittent dosing of BRAF inhibitors in vitro may delay the
onset of acquired resistance by selecting out the subclones
of resistant tumor cells that may remain dependent on BRAF
inhibitor therapy for cellular proliferation. Thus, it has been
postulated whether intermittent dosing of BRAF inhibi-
tors may be another potential strategy to delay the onset of
acquired resistance.* In fact, a case report of a patient with
melanoma with a BRAF V600E mutation who developed an
NRAS-mutated chronic myelomonocytic leukemia on vemu-
rafenib was treated with intermittent dosing of vemurafenib
monotherapy and later with intermittent vemurafenib and
cobimetinib due to cytopenias. This patient had a sustained
complete clinical response for 85 weeks that was ongoing
without evidence of developing resistance.*

Although most patients develop acquired resistance to
targeted therapy, there are a select number of patients with
melanoma treated with targeted therapy who maintain a
long-term durable clinical response with a significant sur-
vival benefit much like what is seen with immunotherapy.
Extended follow-up from the Phase I trial with vemurafenib
monotherapy demonstrated that eight patients (out of 32
in the expansion cohort) treated with vemurafenib 960 mg
twice daily were still alive >3 years from treatment initiation
and six of these patients had still only received vemurafenib
therapy.*® There were five patients who survived >4 years
and continued to receive only vemurafenib monotherapy.*
Further subgroup analyses were performed on the patients
in the extension cohort who survived >3 years, and the
characteristics delineated that were associated with a median
PFS of >12 months were an ECOG performance status of 0,
low volume burden of disease (average sum of baseline target
lesions was 65 mm, standard deviation £37 mm), and non-
CNS metastatic disease.*

The extended follow-up results from the Phase I vemu-
rafenib trial also found that 20 patients (45.5%) continued

to receive treatment with vemurafenib for >30 days after
initial disease progression. Most of the progressive sites were
considered to be controlled (or limited) by the investigator
and thus amenable to local therapy with either surgery or
radiation.* The most common site of disease progression
was skin and soft tissue (53%) followed by CNS metasta-
sis (32%).% The median PFS was similar in patients who
received vemurafenib for <30 or >30 days after discase
progression (6.4 versus 6.7 months).* However, recall that
the OS for all 48 patients enrolled in the Phase I trial was
14 months. The median OS for all patients with progres-
sive disease after initial progression was 6.1 months. For
those patients who discontinued vemurafenib <30 days
after progression, the OS was 3.4 months (range 0-26.9)
as compared to 10.0 months for those who received vemu-
rafenib for >30 days after progression (range 3.6-41.0).%
Half of the patients who continued treatment after initial
progression continued to take vemurafenib for ~3.8 months
(range 1.1-26.6 months).*® These findings further support the
concept of inter-tumor heterogeneity and divergent clonal
populations at separate metastatic sites. Of note, similar
long-term findings for a small subset of those enrolled in the
initial trials with dabrafenib monotherapy (BREAK-3) have
also been described.¥’

In addition, a retrospective, single-institution analysis of
95 patients treated with vemurafenib or dabrafenib monother-
apy also showed a benefit of continuation of BRAF inhibitors
beyond progression with improvement in median OS.*® It was
reported that 31% of patients developed progressive disease
at a single site in that analysis,* which may be amenable to
local therapy. However, it should be noted that there have
been several case reports indicating that both BRAF inhibi-
tors may act as radiation sensitizers and thus concomitant use
with radiation therapy should be considered with caution.*!
Further investigations regarding the optimal management of
patients with progressive disease on the combination BRAF/
MEK inhibitor therapy are ongoing.

The use of targeted therapy in CNS

metastatic disease

The development of CNS metastatic disease is a frequent
complication that arises in patients with metastatic melanoma
and remains a major therapeutic challenge. The progno-
sis of patients with CNS disease remains poor. While the
systemic response rates of vemurafenib and dabrafenib for
those with BRAF V600-mutated melanoma can be dramatic,
the response and outcome for those with CNS metastatic dis-
ease is still under investigation. In the initial trials evaluating
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the use of BRAF inhibitor monotherapy, patients with CNS
disease were excluded from study. There was a Phase II trial
(BREAK-MB) investigating the use of dabrafenib in patients
with CNS metastatic disease which demonstrated an intracra-
nial response rate of 30.8% for those who had progressed after
prior therapy for brain metastasis.*? There are a few retrospec-
tive case series that have reported clinical activity of vemu-
rafenib in patients with CNS metastases which prompted
further prospective studies.”** There is a Phase II trial
evaluating the outcome for those with a BRAF V600 muta-
tion and CNS metastatic disease treated with vemurafenib
that is ongoing, but preliminary results presented at the 2013
SMR congress demonstrated an intracranial response rate
of 26%.% A small, two-center study using vemurafenib as a
neoadjuvant-like therapy in patients with poor prognosis and
symptomatic, unresectable lesions in the brain again demon-
strated potential activity of vemurafenib in the treatment of
CNS metastatic melanoma.>® In this study, over half of the
patients had had prior CNS metastatic disease that had been
previously treated with whole-brain radiation prior to enroll-
ment with new metastases. The median treatment duration
was 3.8 months (range 0.1-11.3 months), the median PFS
was 3.9 months (95% CI, 3—5.5 months), and half of patients
had an OS of 5.3 months (95% CI, 3.9—6.6 months).>¢ Partial
responses at both intracranial and extracranial sites were
observed in 42% of patients, and stable disease observed
in 38% of patients.>® In addition, the use of corticosteroids
decreased (defined as reduction of at least 33% of the dose)
in 67% of the patients.>

In the Phase III trials investigating the combination of
vemurafenib and cobimetinib as well as the Phase III trials
evaluating the combination of dabrafenib and trametinib,
patients were eligible to enroll with a history of CNS meta-
static disease that had been treated, and were stable for a
defined period of time (3 weeks in coBRIM and 12 weeks
in COMBI-D and COMBI-V).#414 Ag of yet, there have
not been subgroup analyses reported on the outcomes of
these patients in regard to control of CNS disease. There
was a phase II clinical trial using the combination of vemu-
rafenib and cobimetinib in patients with active CNS disease
(coBRIM-B; NCT02230306), which was closed due to slow
accrual, and results have not yet been published.

The initial interplay of combined
immunotherapy and targeted
therapy

There is a growing recognition and understanding of
the role kinase inhibitors may have in modulating the

tumor-associated immune response. Specifically, in regard to
BRAF inhibitor therapy with vemurafenib, it has been shown
that there is a significant increase in CD8" tumor infiltrating
T lymphocytes, with increased clonality which can occur
within 10—14 days after starting treatment.’” ¢! There is also a
corresponding increase of cytotoxic activity by CD8" T cells
and NK cells as demonstrated by increased Granzyme B and
perforin staining.” However, there is also evidence that there
may be increased markers of T cell exhaustion in preclini-
cal studies of the lymphocytic infiltrate after treatment with
BRAF inhibitors.” It should also be noted that there have
been preclinical studies that suggest that MEK inhibitors may
promote a T cell-suppressive environment, but whether this
has clinical relevance is unknown.36*

From studies looking at both patient tumor samples
and melanoma cell lines after treatment with vemurafenib
(and some studies after treatment with dabrafenib and
trametinib), it has been shown that there is an increase
in the expression of melanoma-associated antigens and
major histocompatibility complex class I and II receptors
on melanoma cells.”**% However, when BRAF inhibitor
resistance develops, there is loss of melanocyte differentia-
tion antigen expression.*® From several preclinical studies,
there is also immune modulation of tumor microenviron-
ment upon treatment with BRAF inhibitors with decreased
levels of immunosuppressive cytokines or mediators, such
as [L-10, IL-6, and vascular endothelial growth factor, early
after treatment.’”*%%%* Furthermore, there have been several
preclinical studies demonstrating an upregulation of PD-L1
expression in response to BRAF inhibitor therapy (both with
vemurafenib and dabrafenib).’*6%¢ Thus, it may be that
immune evasion is another mechanism of acquired BRAF
inhibitor resistance.

It appears that there may be a potential synergistic rela-
tionship that could improve the durability of response with
a treatment approach that uses combined targeted therapy in
combination with a checkpoint inhibitor either in sequence or
concurrently. The first reported combination using a BRAF
inhibitor and immunotherapy was a Phase I trial using the
combination of vemurafenib and ipilimumab. Unfortunately,
due to significant hepatic toxicity, the trial was terminated
early.’” Preliminary findings from another trial that combined
dabrafenib and trametinib versus dabrafenib with ipilimumab
found that several patients treated with the combination of
dabrafenib and trametinib with ipilimumab had an increased
incidence of colonic perforation.®® However, there are several
ongoing trials looking at safety and efficacy of various com-
binations of targeted therapy including vemurafenib alone
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or with cobimetinib and an anti-PD-L1 antibody. There are
other studies using dabrafenib alone or in combination with
trametinib and nivolumab.

Conclusion and future directions

The combination of vemurafenib and cobimetinib clearly
has demonstrated a significant improvement in the response
and OS of patients with BRAF V600-mutated melanoma
and confirms that BRAF or MEK inhibitor monotherapy
should no longer be the standard first-line treatment
approach. It is unclear whether there are significant differ-
ences in outcomes between the two different BRAF/MEK
inhibitor combinations. When deciding which combination
regimen to use, the difference in toxicities may help guide the
treatment decision. For instance, there is a higher incidence
of pyrexia which can be debilitating for some patients treated
with the dabrafenib and trametinib combination requiring
dose interruptions and modifications, whereas cutaneous
toxicities are more prevalent with the combination of vemu-
rafenib and cobimetinib.

While combined BRAF/MEK inhibitor therapy can
induce rapid responses, which can be especially advanta-
geous in those with significantly symptomatic disease, the
durability of response is often limited due to the develop-
ment of acquired resistance. This is in contrast to those
who respond to immunotherapy which has demonstrated
that the durability of response makes a significant impact
on OS. There are a number of ongoing trials using other
small-molecule, targeted agents in combination with BRAF
and MEK inhibitors as a strategy to prevent or overcome
the development of resistance. Additional therapeutic
strategies are also needed for those patients with intrinsic
resistance mechanisms to targeted therapy which diminish
initial response and durability. Furthermore, it is warranted
to consider strategies using both targeted therapy and
immunotherapy in combination for the treatment of BRAF-
mutated melanoma. It remains unclear what the optimal
approach should be with the available therapeutic strategies
for those with advanced BRAF mutated melanoma. For
example, should combination BRAF and MEK inhibitors
be used first, which combination should be used, when
should immunotherapy be considered? Can the combina-
tion of BRAF and MEK inhibitors be safely combined with
immunotherapy, or is there a role for using the combination
of BRAF and MEK inhibitors in the adjuvant setting? There
are multiple clinical trials underway to help address some
of these uncertainties and with the hope of continuing to
improve long-term survival and therapeutic options for
patients with advanced melanoma.
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