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Prior to 2011, only 2 systemic treat-
ments were approved for the treat-

ment of melanoma and these had limited
efficacy. In the past 4 years, 6 novel
agents have received FDA approval.
Herein, we will focus on 4 recently pub-
lished NEJM papers reporting the results
of clinical trials, comprising 4 agents tar-
geting the MAPK pathway: the BRAF
inhibitors vemurafenib and dabrafenib,
and the MEK inhibitors trametinib and
cobimetenib. These have been developed
in parallel with a class of immunologic
mediators often referred to as “immune
checkpoint inhibitors.”

These recent studies represent a
marked acceleration of progress in the
treatment of metastatic melanoma.
While it was hoped that combining
BRAF and MEK inhibitors would signif-
icantly mitigate drug resistance, such
combinations have yielded only mod-
estly better results than monotherapy.
However, these combinations were suc-
cessful in reducing the development of
cutaneous squamous cell carcinomas and
keratocanthomas. Therefore, combina-
tion therapies are clearly warranted.
Thus far there are only limited data
addressing the value of combinations of
immunotherapeutic agents: a phase 1
trial of concurrent nivolumab plus ipili-
mumab suggested enhanced activity that
may not depend on BRAF mutation
status.

Despite the attention and publicity
given to the progress achieved in the
therapy of melanoma, the majority of
patients with metastatic disease still have
a poor prognosis. Even novel combina-
tion regiments of BRAF and MEK inhib-
itors achieve complete response in only
13% of patients and a median PFS of

11.4 months in all patients. Better thera-
pies remain desperately needed, espe-
cially for the 30–40% of patients with
wild-type BRAF, for whom BRAF/
MAPK inhibition offers no benefit. In
the latter benefit is expected from
emerging immunotherapies either sin-
gly or in combinations. The extent to
which immunotherapies will add to
regimens targeting BRAF remains to
be determined.

Few oncologic topics received broader
exposure in the New England Journal of
Medicine (NEJM) in recent years than
melanoma, with 5 original articles in a
span of 4 months at the end of 2014 and
early 2015.1-5 Over 73,000 new diagnoses
of melanoma are expected among Ameri-
cans in 2015, and incidence rates in
both men and women continue to rise
over time.6 Although the majority of
these cases can be cured surgically, it is
estimated that 9,400 Americans will die
of melanoma in 2015,6 underscoring
the need for better therapies to treat
advanced disease. Novel immunother-
apy and small molecule inhibitors for
melanoma were introduced in 2010,
culminating in the approval by the
FDA of ipilimumab and vemurafenib.
Subsequently, additional agents target-
ing BRAF, MEK and PD-1 have been
developed and approved.

For this journal club, we will focus
on the NEJM papers reporting the
results of clinical trials, comprising 5
agents, 4 already FDA approved: vemur-
afenib and dabrafenib, both BRAF
inhibitors, trametinib, a MEK inhibitor,
and nivolumab, a PD-1 inhibitor. A sec-
ond MEK inhibitor, cobimetenib, is
likely to be approved.
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BRAF and the MAP Kinase
Pathway

BRAF is a cytosolic serine/threonine pro-
tein kinase that activates the MAP kinase/
ERK-signaling pathway.7 BRAF activa-
tion is a principal mechanism of mela-
noma pathogenicity (a so called “driver
mutation”), and over 50% of melanomas
harbor activating BRAF mutations. This
recognition has led to efforts to develop
drugs targeting BRAF and the MAP
kinase pathway for the therapy of meta-
static melanoma.8

Among the BRAF mutations observed
in melanoma, over 90% involve valine
600 and the majority of these lead to the
non-conservative substitution of the
hydrophobic valine with a negatively
charged glutamic acid [90% V600E; 5–
6% V600K; <5% other V600 muta-
tions].9 Several adverse features of mela-
noma have been statistically associated
with a BRAF mutation (P < 0.05) includ-
ing the presence of mitoses, superficial
spreading and nodular histopathological
subtypes, and a truncal location.10,11

However, differences in prognosis have
not been noted between melanomas har-
boring a wild type or a mutated BRAF,
leaving unanswered whether melanomas
harboring mutations in BRAF have more
aggressive clinical behavior.

Targeting the BRAF and the MAP
Kinase Pathway

Investigators have long known that the
activated MAP-kinase pathway, which
includes BRAF, plays an important role in
cancer, but earlier efforts to treat mela-
noma via inhibition of BRAF with sorafe-
nib failed.12 Vemurafenib became the first
BRAF inhibitor sanctioned by the FDA,
approved in 2011, for patients with meta-
static melanoma with BRAFV600E muta-
tions. Efficacy was confirmed in a
randomized trial that found improvement
in overall and progression free survival in
patients with melanoma bearing the
V600E mutation in comparison to dacar-
bazine, at the time of the trial the standard
chemotherapeutic agent.13 In May 2013,
the FDA independently approved a sec-
ond BRAF inhibitor, dabrafenib, and the

MEK inhibitor trametinib for unresect-
able or metastatic melanoma with
BRAFV600E (in the case of trametinib,
melanoma with a BRAFV600K mutation as
well). These approvals were again based on
the results of randomized trials comparing
study drugs to dacarbazine.14,15 While dab-
rafenib shared vemurafenib’s clinical suc-
cess, demonstrating comparable efficacy, its
toxicity profile was slightly different.
Rash, fatigue, joint pain and other toxic-
ities were similar with both drugs but the
incidence of photosensitivity was found
to be higher with vemurafenib, whereas
the incidence of pyrexia was higher with
dabrafenib.

A notable toxicity that emerged with
BRAF monotherapy was the development
of cutaneous squamous-cell carcinoma
(cuSCC) and keratoacanthoma, epidermal
neoplasms viewed by some as related to
cuSCC, with a debated potential for
malignancy.16 Growth of these cutaneous
lesions occurs in 14–26% of patients
treated with a BRAF inhibitor, usually
within 2–3 months of starting ther-
apy17,18 and is now recognized as a unique
side effect of BRAF inhibitors induced by
the paradoxical activation of the MAPK
pathway in cells with pre-existing RAS
mutations, typically HRAS Q61L.19-21

Recently Reported Phase III Trials

With demonstrated antitumor activity
in 2 different drug classes acting on the
same pathway, combination therapy
emerged as a logical next step. Three such
trials were reported in the NEJM in 2014
(Table 1), all comparing combined BRAF
plus MEK inhibition to the activity of a
BRAF inhibitor with placebo. The tumors
of all patients had a documented BRAF
mutation and the enrollment criteria were
very similar. Long et al. reported a combi-
nation of dabrafenib plus trametinib com-
pared with dabrafenib plus placebo in a
phase 3 randomized controlled trial that
enrolled 423 patients with previously
untreated Stage IIIC or IV melanoma har-
boring BRAF V600E or V600K muta-
tions.1 The trial demonstrated a
statistically significant, but clinically mod-
est difference in the primary endpoint of
PFS: 9.3 months in the combination

regimen versus 8.8 months in the control
regimen. Superior overall response rates of
67% were seen in combination, compared
with 51% for dabrafenib alone. The rates
of adverse events, with the exception of
pyrexia, were comparable, although
patients were more likely to require a dose
modification in the combination arm.
Importantly, the rates of cutaneous
adverse events were lower in the combina-
tion arm with 2% of patients receiving the
combination regimen developing any
grade cutaneous malignancy vs. 9% in
those given dabrafenib plus placebo.

In the same issue of the NEJM Larkin
et al. reported a multicenter phase 3 trial
that assigned 495 patients to receive
vemurafenib plus a novel MEK inhibitor,
cobimetinib, or vemurafenib plus pla-
cebo.2 As with the dabrafenib plus trame-
tinib combination, vemurafenib plus
cobimetinib improved PFS to a median of
9.9 months compared with 6.2 months
for vemurafenib plus placebo. In this trial,
the combination regimen produced equiv-
alent rates of grade 3 adverse events as
compared with monotherapy, with the
combination regimen causing slightly
more grade 4 events than monotherapy.
Again, the rates of cutaneous malignancy
were lower in the combination regimen,
with cuSCC developing in only 2% of
patients versus 11% of those receiving
monotherapy [for keratoacanthomas, 1%
vs. 8%].

Finally, Robert, et al. published a
phase 3 combination trial published in
November 2014 randomizing 704
patients to either dabrafenib plus trameti-
nib or to vemurafenib alone.3 This study
was stopped for efficacy at the interim
analysis, revealing a median PFS of
11.4 months for the combination regi-
men, compared to 7.3 months for the
vemurafenib alone group. Objective
response rates were significantly higher
with the combination as opposed to
monotherapy (64% v. 51%). As in the
other 2 trials, the combination regimen
significantly diminished the rates of
cuSCC and keratoacanthoma, with only
1% of patients in the combination group
experiencing this side effect versus 18%
with vemurafenib alone.

Collectively, while these trials support
the use of a combination regimen, they
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leave several issues unresolved. Although
an advance, delaying progression-free sur-
vival by several months when a MEK
inhibitor is added to a BRAF inhibitor
remains unsatisfactory, and modest. Given
that bypass activation of the MAPK path-
way was thought to be an important
mechanism of drug resistance,22,23 it was
hoped the addition of a MEK inhibitor
would abrogate or at a minimum delay
progression substantially. Yet the emer-
gence of resistance as measured by PFS
was delayed only 0.5 to 3.7 months in the
NEJM reports. This was especially disap-
pointing given the clear evidence of effec-
tive pathway inhibition as shown in the
marked reduction in cutaneous complica-
tions in combination therapy. What
should we make of this? Perhaps two
drugs inhibiting the same pathway cannot
provide much synergy, despite blocking
“bypass activation.” Or, resistance mecha-
nisms other than “bypass activation” are
important in primary tolerance or emerge
very rapidly. One may argue the larger dif-
ference observed with the addition of
cobimetinib to vemurafenib (3.7 months)
ratifies the bypass hypothesis. If not due
to the vagaries of clinical trials, the lesser
effect of the addition of trametinib to dab-
rafenib (0.5 months) could be explained
by a greater potency of dabrafenib, as cur-
rently administered, leaving less space for
enhancing its activity; or, alternatively,

that cobimetinib is a better MEK inhibi-
tor than trametinib. Combinations of
dabrafenib plus cobimetinib or vemurafe-
nib plus trametinib should be tested to
explore these hypotheses. It is important,
then, that scientists revisit the basic impli-
cations of these outcomes and explore the
underlying biology.

Immune-Based Therapies

Almost in parallel with the develop-
ment of the BRAF inhibitors have come
advances in immunotherapy. First in class,
ipilimumab24 is a human IgG1 monoclo-
nal antibody directed against the inhibi-
tory cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4), also known as
CD152, a protein receptor on the surface
of T-cells that acts as an “off” switch for
the immune system by transmitting inhib-
itory signals to helper T-cells.25 The suc-
cess of ipilimumab used as monotherapy,
provided proof of concept that the
immune system’s ability to control mela-
noma was limited at least in part by such
negative immunoregulatory signals.

Much like CTLA-4, the programmed
death protein-1 pathway (PD-1), also
known as CD279, is a cell surface receptor
that plays an important role in down-reg-
ulating the immune system, blunting the
activation of T-cells.26 PD-1 is expressed

on T-cells and pro-B-cells and binds 2
ligands, PD-L1 and PD-L2.27,28 PD-L1
expression on cancer cells interacts with
PD-1 on the surface of T cells impairing
their activity through a variety of
mechanisms.29

Targeting the PD-1 receptors as an
anti-cancer strategy has been validated by
the FDA in its recent approval of 2 anti-
PD-1 antibodies, pembrolizumab and
nivolumab, for the treatment of mela-
noma. Both bind to the PD-1 receptor
and prevent its interaction with PD-L1 or
PD-L2. Again in the NEJM, Robert et al.
reported a Phase 3 trial comparing nivolu-
mab, a humanized IgG4 anti-PD-1 anti-
body, with dacarbazine – this time in
previously untreated patients with wild
type BRAF, stage III or IV disease.4 At
one year, overall survival was 72.9% in the
experimental arm, as compared to 42.1%
in the dacarbazine arm; median PFS was
5.1 months in nivolumab-treated patients
vs. 2.2 months with dacarbazine. One
advantage of immune checkpoint therapy
is that activity should not be limited by
the BRAF mutation status in theory,
although whether this will influence the
immune response is a question that will
need to be addressed going forward. Some
insight into this question came from a
Phase I trial of pembrolizumab, an IgG4
anti-PD-1 antibody, that enrolled 173
patients with either wild-type or mutant

Table 1. Recent Randomized Phase III Studies in Metastatic Melanoma

Therapy received Reference N
% B-RAF
mutation ORR CR PFS OS

All grades cuSCC and
keratoacanthoma

Dabrafenib 150 mg bid C
Trametinib 2 mg qd

Long et al, 20141 211 100 67% 10% 9.3 mos 93% at 6 mos 2% cuSCC C
keratoacanthoma

Dabrafenib 150 mg bid C placebo Long et al, 20141 212 100 51% 9% 8.8 mos 85% at 6 mos 9% cuSCC C
keratoacanthoma

Vemurafenib C cobimetinib Larkin et al, 20142 247 100 68% 10% 9.9 mos (9-0 – NR) 81% at 9 mos 2% cuSCC
1% Keratoacanthoma

Vemurafenib C placebo Larkin et al, 20142 248 100 45% 4% 6.2 mos (5.6 – 7.4) 73% at 9 mos 11% cuSCC
8.3% Kera

Dabrafenib 150 mg bid C
Trameitinib 2 mg qd

Robert et al, 20153 352 100 64% 13% 11.4 mos Median not reached;
72% at 12 mos

1% cuSCC C
keratoacanthoma

Vemurafenib 960 mg bid Robert et al, 20153 352 100 51% 8% 7.3 mos Median 17.2 mos;
65% at 12 mos

18% cuSCC C
keratoacanthoma

Nivolumab 3 mg/kg q2 wk Robert et al, 20154 210 0% 40% 7.6% 5.1 mos (3.5–10.8) Median not reached;
72.9% at 12 mos

NR

Dacarbazine 1000 mg/m2 q3 wk Robert et al, 20154 208 0% 13.9% 1% 2.2 mos (2.1–2.4) Median 10.8 mos;
42.1% at 12 mos

NR

Abbreviations: ORR, overall response rate; CR, complete response rate; PFS, progression-free survival; OS, overall survival; cuSCC, cutaneous squamous cell
carcinoma; NR, none reported
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BRAF status.30 Although at 28%,
responses were somewhat higher in
patients with tumors without BRAF
mutations, 19% of those whose tumors
harbored a mutated BRAF also had a
response and the 95% confidence intervals
overlapped.

Conclusions

Recent studies constitute a marked
acceleration of progress in the treatment
of metastatic melanoma. Although the
patient populations under study have not
always been identical and treatment regi-
mens have differed, there is evidence
within specified patient populations that
combinations of BRAF and MAPK path-
way inhibitors yield modestly better
results. Thus far there are only limited
data addressing the value of combinations
in immunotherapeutic agents: a phase 1
trial of concurrent nivolumab plus ipili-
mumab suggested “rapid and deep tumor
regression in a substantial proportion of
patients,” and an overall response rate of
40%.31 Furthermore as we have discussed,
not only activity but also toxicity is impor-
tant, as evidenced by the significant reduc-
tion of cuSCC and keratoacanthoma with
concomitant BRAF and MEK inhibition.

The challenge now becomes how to use
this progress efficiently to direct future
research. Several directions need to be
studied. One future direction involves
combining immunotherapy approaches –
a followup report on the phase I trial com-
bining nivolumab and ipilimumab notes
that 42% of patients experienced an 80%
reduction in tumor volume, with 17%
complete responses and a manageable side
effect profile.32 Whether this will be a sub-
stantial improvement over the 2 agents
given separately or sequentially remains
to be determined, given that the
nivolumab Phase 3 study also reported an
ORR of 40%.4 Trials are ongoing and
recruiting patients (NCT02156804;
NCT02320058).

A second approach would combine
BRAF/MAPK inhibition with immuno-
therapy in melanoma bearing a
BRAF mutation (NCT02357732;
NCT02224781). A plausible hypothesis is
that the endogenous immune response

could be heightened once BRAF/MAPK
inhibition has distorted tumor architec-
ture and initiated apoptotic pathways in
tumor cells.33 While combinations of
BRAF plus MAPK inhibitors as well as
nivolumab plus ipilimumab have been
reasonably well-tolerated, adverse effects
of BRAF/MAPK inhibition with immune
checkpoint inhibition are unknown. A
second question is whether, once disease
progression has been noted following a
BRAF inhibitor, a second attempt will
be worthwhile. This seems unlikely
given that the observed bypass mecha-
nisms are likely to affect any BRAF
inhibitor, but should be documented.
Another question is whether cytotoxic
agents have any potential to improve
efficacy of either MAPK inhibitors or
immunomodulatory agents. Although
dacarbazine alone is of meager benefit,
it remains to be determined whether it,
or any other classical chemotherapeutic,
would have value in combination with
newer agents.

Despite all of the attention and public-
ity given to progress in melanoma, the
majority of patients with metastatic dis-
ease still have a poor prognosis. The best
current therapies reported in this wave of
NEJM articles achieve a complete response
in only 13% of patients and provide
11.4 months PFS. Better therapies remain
desperately needed, especially for the 30–
40% of patients with wild-type BRAF, for
whom BRAF/MAPK inhibition offers no
benefit.
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