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Abstract

Metastatic melanoma (MM) still remains as one of the most worrisome
cancer known to mankind. In last two decades, treatment of melano-
ma took a dramatic turn with the discovery of targeted therapy which
targets the mutations in mitogen-activated protein kinase (MAPK)
pathway and immune checkpoint inhibitors. These new findings have
led to emergence of many novel drugs that have been approved by
FDA. Targeted therapy drugs such as vemurafenib, trametinib and
dabrafenib target the MAPK pathway whereas immunotherapies such
as ipilimumab, nivolumab and pembrolizumab block immune check-
point receptors on T lymphocytes. All these drugs have shown to im-
prove the overall survival in MM. Despite these recent discoveries,
treatment of MM remains challenging because of rapid development
of resistance to targeted therapy. This review will discuss recently
approved drugs and their adverse effects and also shed light on com-
bination therapy in treatment of melanoma.
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Introduction

Melanoma is the leading cause of death from skin disease. It
has been reported as fifth and seventh most common cancer
in USA in men and women respectively [1]. According to the
National Cancer Institute (NCI), an estimated 73,870 new cases
of melanoma will be diagnosed in the United States in 2015,
and about 9,180 people would have died from the disease in
2014. The incidence of melanoma additionally varies by ethnic
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group. It accounts for 1 (per 100,000) in black people, four in
Hispanics, and 25 in non-Hispanic whites annually [1]. The 10-
year overall survival (OS) rate for advanced melanoma is about
10-15% and in the elderly (age > 70), regardless of their dis-
ease stage, the survival rate drops dramatically [2]. Majority of
melanoma lesions are diagnosed early and are mostly excised
and curable. But the real challenge lies in treating advanced
melanoma. Treatment of melanoma depends on the stage on
presentation. As per NCI, excision is treatment of choice for
stage 0 melanoma. Stage II, III and resectable melanoma are
managed with excision and lymph node resection if involved
and unresectable stage III and IV melanoma are treated with
help of chemotherapy, targeted therapy and immunotherapy [3].

Treatment of metastatic melanoma (MM) has changed
drastically over the last decade. Historically, melanomas
were considered as a single disease entity and treatment op-
tions included radiation therapy/surgery or chemotherapy
with dacarbazine, an alkylating agent. However response to
chemotherapy was nominal and durable remission rarely oc-
curred. Encountered with un-satisfactory results with tradi-
tional chemotherapy, focus was shifted on learning in depth
pathogenesis of melanoma at cellular and molecular level.
With extended knowledge in molecular medicine, melanoma
has been reclassified as a highly complex heterogenous disease
comprising of several subpopulation of tumor cells. Number of
gene mutations and aberrant cell signaling pathways have been
recognized which led to development of targeted therapy and
immunotherapy drugs. Although these new drugs show dra-
matic increase in overall response rate and extended survival,
treatment of advanced melanoma still remains a challenge [4-
6].

In recent years, four different classes of novel drugs were
approved revolutionizing the care of advanced melanoma.
These include immunotherapy (anti-cytotoxic T-lymphocyte
antigen-4 (CTLA-4) monoclonal antibodies; anti-programmed
cell death-1 protein (PD-1) monoclonal antibodies), targeted
therapy like BRAF inhibitors and MEK inhibitors.

In this review, we discussed the development and current
status of the expanding landscape of melanoma treatment.

Mechanism of Action of Inmunotherapy

Under normal physiologic conditions, the immune checkpoints
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serve to restrain immune responses against self-antigens,
thereby preventing unwanted autoimmunity. However, these
inhibitory pathways are up-regulated in many cancers, and im-
mune checkpoints play critical roles in cancer-associated im-
mune suppression and immune evasion [7].

Anti-CTLA-4 antibodies

The primary effector cells of the adaptive immune response
against cancer are the T lymphocytes which include both T
helper cells and cytotoxic T lymphocytes. Cytotoxic T lym-
phocytes have direct tumor killing ability and T helper cells
play a pivotal role in propagating anti-tumor response. T-cell
activation requires two sequential signals. In a first step, an-
tigens presented in context with the major histocompatibil-
ity complex (MHC) I or II on specialized antigen-presenting
cells (APCs) bind with T-cell receptors (TCRs). The second
step involves translation of TCR stimulation into T-cell activa-
tion and requires a co-stimulatory signal, achieved when B7
molecules on the APC surface bind with CD28 receptors on
the T-cell surface. Subsequently, T-cell surface expression of
an inhibitory molecule, CTLA-4, takes place. CTLA-4 com-
petitively inhibits the binding of B7 to CD28 by interacting
with the same ligands and prevents the co-stimulatory signal,
dampening T-cell activation and proliferation. CTLA-4 there-
by serves as a physiologic “brake” on the activated immune
system [8-11].

Anti-PD-1 antibodies

A second co-inhibitory pathway uses the PD-1 receptor, which
is another inhibitory receptor present on activated T cells.
PD-1 is a protein that is encoded in humans by PDCD gene.
PD-1 is a cell surface immune checkpoint receptor which be-
longs to the immunoglobulin super family and is expressed on
T cells and pro-B cells. PD-1 binds to its two ligands, PD-L1
and PD-L2 which are the members of B7 family. PD-1 and
its ligands play an important role in down regulating the im-
mune system by preventing the activation of T cells, which
in turn reduces autoimmunity and promotes self-tolerance.
The inhibitory effect of PD-1 is accomplished through a dual
mechanism of promoting apoptosis (programmed cell death)
in antigen specific T cells in lymph nodes while simultane-
ously reducing apoptosis in regulatory T cells (suppressor T
cells).

PD-1 binds to its ligands PD1-L1 (B7-H1) and PD1-L2
(B7-DC), which are expressed on tumor cells, thereby caus-
ing immunosuppression and preventing the immune system
from rejecting the tumor. When PD-1 binds to its ligand (PD-
L1) (often present on tumor cells), the ability of the activated
T cell to produce an effective immune response is down-
modulated. Monoclonal antibodies targeting both PD-1 and
PD-L1 are being developed to interrupt this pathway and to
augment the antitumor immune response; these have demon-
strated significant clinical activity against several tumor types
[12, 13].
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Ipilimumab

Ipilimumab, an anti-CTLA-4 monoclonal antibody, is the first
agent ever proven to improve survival in advanced melanoma.
It was approved by Food and Drug Administration (FDA) in
2011. The current FDA approved dosing schedule for ipili-
mumab is 3 mg/kg intravenous (IV) infusion every 3 weeks
(Q3W) for a total of four doses.

Efficacy

Ipilimumab prolongs the survival rate in patient with MM and
this has been confirmed in two large randomized phase III tri-
als.

The first study by Hodi et al included 676 patients with
unresectable stage III or IV melanoma whose disease had
progressed after previous treatment. The patients were rand-
omized in a 3:1:1 ratio to receive ipilimumab with the melano-
ma peptide vaccine gp100 (n = 403), ipilimumab with gp100
placebo (n=137), or gp100 vaccine with ipilimumab placebo
(n = 136). Ipilimumab was dosed at 3 mg/kg IV Q3W for a
total of four treatments with the vaccine administered imme-
diately after each ipilimumab infusion. The median OS at 20
months was 10, 10.1, or 6.4 months for patients treated with
the combination, ipilimumab alone, or gp100 alone, respec-
tively. The increased survival in both ipilimumab containing
regimens was statistically significant. One- and 2-year OS
rates for ipilimumab alone were 45.6% and 23.5%, respec-
tively; for gp100 alone, 25.3% and 13.7%, respectively; and
for ipilimumab plus gp100, 43.6% and 21.6%, respectively
[14].

In a second phase III study which was conducted by Rob-
ert et al, 502 treatment-naive patients with unresectable stage
IIT or IV melanoma were randomly assigned to in 1:1 ratio to
receive either dacarbazine with ipilimumab (n = 250) or dac-
arbazine with placebo (n = 252) given at weeks 1, 4, 7, 10.
Ipilimumab was administered at a higher dose of 10 mg/kg for
four doses followed by a maintenance phase. The addition of
ipilimumab to dacarbazine significantly improved the primary
outcome of OS compared with dacarbazine alone (11.2 vs. 9.1
months; P <0.05) [15].

A recent study published on February 9, 2015 was a
pooled analysis of long-term survival data from phase II and
IIT trials of ipilimumab in unresectable MM. The main pur-
pose of the study was to give a precise estimate of long-term
survival for ipilimumab-treated patients. The study included
pooled OS data for 1,861 patients from 10 prospective and
two retrospective studies of ipilimumab, including two phase
IIT trials. Among 1,861 patients, median OS was 11.4 months
(95% CI, 10.7 - 12.1 months), which included 254 patients
with at least 3 years of survival follow-up. The survival curve
began to plateau around year 3, with follow-up of up to 10
years. Three-year survival rates were 22%, 26%, and 20% for
all patients, treatment-naive patients, and previously treated
patients, respectively. These data once again support the dura-
bility of long-term survival in ipilimumab-treated patients with
advanced melanoma [16].
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Usage in other cancers

Ipilimumab is under various phases of clinical trials for the
treatment of metastatic renal cell [17], prostate [18] and non-
small cell lung cancers [19].

Pembrolizumab

Pembrolizumab is an anti-PD-1 monoloclonal antibody that
has been extensively evaluated in ipilimumab-naive and previ-
ously treated melanoma patients. Pembrolizumab at a dose of
2 mg/kg IV Q3W was approved by the US FDA in September
2014 for patients who have progressed on treatment with ip-
ilimumab.

Efficacy

Pembrolizumab was awarded FDA approval based on the
following data from an international multicenter, open-label,
randomized, dose-comparative phase 1 study randomizing
655 patients (342 ipilimumab treated (IPI-T) and 313 ipili-
mumab naive (IPI-N)) with unresectable or MM to receive
pembrolizumab 2 mg/kg or 10 mg/kg IV once Q3W or 10 mg/
kg every 2 weeks (Q2W). In the published analysis of 173
patients from this trial with ipilimumab-resistant disease who
were assigned to either 2 mg/kg or 10 mg/kg Q3 W, objective
response rate (ORR) was achieved in 26% in both treatment
arms with response duration lasting from 1.4 to 8.5 months
(KEYNOTE-001 trial) [20].

The results of all the patients enrolled in this trial were
recently published at American Society of Clinical Oncology
(ASCO) 2015 annual meeting. ORR was 34% (29% IPI-T,
38% IPI-N), with a 6% complete remission (CR) rate. Median
time to response was 2.8 months (range, 1.6 - 19.3). Eighty
percent of responses were ongoing at the time of analysis, and
median duration of response (DOR) was not reached (range,
6+ to 98+ weeks). Median progression-free survival (PFS) was
5.2 months (IPI-T, 4.9 months (3.0 - 5.5); IPI-N, 5.4 months
(3.1 -6.9)). PFS rates at 6 and 12 months were 44% and 34%
(41% and 32% IPI-T, 47% and 36% IPI-N). The 1-year OS rate
was 67%. Pembrolizumab provided durable antitumor activity,
promising long-term survival data, and a manageable safety
profile in both ipilimumab-naive and treated patients with MM
[21].

In the KEYNOTE-002 trial which was a phase II trial, 540
patients with ipilimumab refractory MM were randomly as-
signed to pembrolizumab (2 mg/kg Q3W), pembrolizumab (10
mg/kg Q3W) or chemotherapy (carboplatin plus paclitaxel,
paclitaxel alone, dacarbazine, or temozolomide per institution-
al standard) [22]. Treatment continued on this schedule until
progressive disease. The ORRs (complete plus partial) were
21%, 26%, and 4% respectively, for pembrolizumab 2 mg/kg,
pembrolizumab 10 mg/kg, and chemotherapy. Treatment was
relatively well tolerated, with grade 3-5 adverse events (AEs)
reported in 11% and 14% of the pembrolizumab treatment
arms, and 26% of those managed with chemotherapy.
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The ability of ipilimumab-refractory disease to respond to
pembrolizumab is probably a reflection of the different mecha-
nisms by which anti-CTLA-4 and anti-PD-1 therapies stimu-
late an anti-tumor T-cell response. CTLA-4 blockade broadens
the immune response, evidenced by an increased T-cell recep-
tor repertoire leading to increased tumor infiltration, whereas
PD-1 blockade induces intratumoral T-cell proliferation with-
out detectable changes in the peripheral immune repertoire.

Robert et al (KEYNOTE-006) have recently finished a
randomized phase III trial of pembrolizumab in patients with
advanced melanoma. Eight hundred thirty-four patients were
assigned in a 1:1:1 ratio to receive pembrolizumab (at a dose of
10 mg/kg) Q2W or Q3W or four doses of ipilimumab (at 3 mg/
kg) Q3W. The 6-month PFS rates were 47.3% for pembroli-
zumab Q2W, 46.4% for pembrolizumab Q3W, and 26.5% for
ipilimumab. Estimated 12-month survival rates were 74.1%,
68.4%, and 58.2%, respectively. Treatment experienced ad-
verse events (TEAEs) of grade 3-5 severity were lower in the
pembrolizumab groups (13.3% and 10.1%) than in the ipili-
mumab group (19.9%) [23].

Usage in other cancers

Pembrolizumab has demonstrated highly durable response
rates with minimal toxicity in large phase I studies involving
patients with non-small-cell lung cancer (NSCLC), renal cell
carcinoma, and other solid tumors [20, 24]. It has been FDA
approved recently for the treatment of advanced NSCLC as a
second-line treatment [25].

Nivolumab

Nivolumab is a monoclonal antibody that targets the PD-1 pro-
tein. Nivolumab at a dose of 3 mg/kg IV infused over 60 min
Q2W was approved by US FDA in December 2014 for pa-
tients who progressed after treatment with ipilimumab and in
patients whose tumors express BRAF V600 mutation.

Efficacy

In a phase I trial designed by Topalian et al, 107 patients were
treated with nivolumab at doses from 0.1 to 10 mg/kg Q2W for
up to 96 weeks. The results of this study showed a median sur-
vival of 17 months and CR or partial remission (PR) rates were
observed in 34 of 107 patients (32%). One-year and 2-year sur-
vival rates were 62% and 43% respectively [26]. Expression of
PD-L1 by the tumor appeared to predict for a higher response
rate, long-term PFS, and long-term OS compared with tumors
that did not express PD-L1. These results led to the conduction
of further clinical trials.

In previously untreated patients, Robert et al conducted
a phase III trial (Checkmate 066) (NCT01721772) [27]. Four
hundred eighteen previously untreated MM patients without
BRAF mutation were randomly assigned to nivolumab (at a
dose of 3 mg/kg Q2W and dacarbazine-matched placebo Q3 W)
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or dacarbazine (at a dose of 1000 mg/m? of body-surface area
Q3W and nivolumab-matched placebo Q2W). OS was sig-
nificantly increased in those treated with nivolumab (1-year
survival rate 73% versus 42%). PFS was also increased with
nivolumab (median 5.1 versus 2.2 months), as was the ORR
(40% versus 14%). Common AEs associated with nivolumab
included fatigue, pruritus, and nausea. TEAEs of grade 3 or 4
occurred in 11.7% of the patients treated with nivolumab and
17.6% of those treated with dacarbazine.

In previously treated patients, Weber et al performed a
randomized, controlled, open-label phase III trial to assess the
efficacy and safety of nivolumab compared with chemothera-
py as a second-line or later-line treatment in patients with MM
(Checkpoint 037) (NCT01721746). All patients had received
prior anti-CTLA-4 therapy and a BRAF inhibitor if a V600
mutation was present in their tumor. Two hundred seventy-
two patients were randomly assigned to nivolumab group (3
mg/kg IV infusion Q2W) and 133 patients were assigned to
chemotherapy group (either dacarbazine or carboplatin plus
paclitaxel). The trial accrued 405 patients; preliminary results
based upon 167 patients (120 treated with nivolumab and
47 with chemotherapy) showed that confirmed objective re-
sponses were significantly more common in patients treated
with nivolumab compared with chemotherapy (32% versus
10%) [28]. Nivolumab led to a greater proportion of patients
achieving an ORR and fewer toxic effects than with alternative
available chemotherapy regimens for patients with advanced
melanoma that has progressed after ipilimumab or ipilimumab
and a BRAF inhibitor.

Usage in other cancers

Nivolumab has been studied to show some clinical activity
in the treatment of Hodgkin’s lymphoma [29, 30], in patients
with advanced, refractory NSCLC [31] and in patients with
metastatic renal cell cancer [32]. Nivolumab is also being in-
vestigated under phase I/II study as a monotherapy or in com-
bination with ipilimumab in locally advanced or metastatic
tumors including triple negative breast, small cell lung, gas-
tric and pancreatic malignancies (NCT01928394). Similarly,
a phase IIb randomized study is evaluating the efficacy and
safety of nivolumab alone or with ipilimumab when com-
pared to bevacizumab in patients with recurrent glioblastoma
(NCT02017717) [33]. Nivolumab has been FDA approved re-
cently for the treatment of both squamous and non-squamous
advanced, refractory NSCLC as a second-line treatment [34,
35].

AEs of Immunotherapy

Although the evolution of immune therapy antibodies can be
associated with substantial benefits, by increasing immune
system function, immune-checkpoint blockade can lead to in-
flammatory side effects called immune-related adverse events
(IrAEs). IrAEs can affect any organ system, but they typically
involve the skin, gastrointestinal, hepatic, and endocrine sys-
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tems [36].

The most common IrAEs for both CTLA-4 and PD-1 ther-
apy involve dermatologic toxicity. Physical examination find-
ings can consist of a reticular, maculopapular, erythematous
rash on the extremities or trunk [37]. Perhaps more unique to
the PD-1 experience, oral mucositis and/or complaints of dry
mouth have been reported in a small percentage of patients
[26]. Fatigue is the most common side effect in patients with
anti-PD-1 therapy.

Endocrinopathies affect the pituitary, thyroid, adrenal
glands and manifest with non-specific symptoms such as nau-
sea, headache, fatigue and vision changes. Diagnosis is usually
made by characteristic laboratory findings and/or radiographic
changes, such as enlargement of the pituitary gland [38].

Table 1 depicts the most common AEs and their grades.

Management of AEs

For patients with moderate (grade 2) immune-mediated toxici-
ties, treatment should be withheld and should not be resumed
until symptoms resolve. Corticosteroids (prednisone 0.5 mg/
kg/day or equivalent) should be started if symptoms do not
resolve in a week. For patients with severe or life-threatening
AEs, treatment should be stopped permanently and high-dose
corticosteroids (prednisone 1 - 2 mg/kg/day or equivalent)
should be given.

Patients who benefit from steroids generally do so within
a few days. If symptoms do not improve after 3 days of treat-
ment with IV steroids, next step is to administer infliximab (5
mg/kg) rather than continuing prolonged course of high-dose
IV corticosteroids. In cases of severe hepatotoxicity, mycophe-
nolate mofetil (500 mg orally every 12 h) can be administered
concurrently with steroids and infliximab is contraindicated in
such patients [39].

IrAEs associated with CTLA-4 blockade increase with in-
creasing dose, whereas IrAEs associated with PD-1 blockade
do not appear to be dose-related. Some IrAEs are also associ-
ated with the targeting of one pathway but not the other [26].

Mechanism of Action of Targeted Therapy

BRAF and MEK inhibitors

BRAF is a human gene that makes a protein called B-Raf. The
B-Raf protein is involved in sending signals inside cells, which
are involved in directing cell growth. In 2002, it was shown to
be faulty (mutated) in some human cancers. B-Raf'is a member
of the Raf kinase family of growth signal transduction protein
kinases. This protein plays a role in regulating the mitogen-ac-
tivated protein kinase (MAPK)/extracellular signal-regulated
kinases (ERKSs) signaling pathway, which affects cell division,
differentiation, and secretion.

Mutations in BRAF gene can occur in two ways. It can be
either inherited and cause birth defects or it can be acquired
later in life and causes cancer. The frequency of BRAF muta-
tions varies widely in human cancers, from more than 80%
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Table 1. Adverse Effects of Immunotherapy and Management

Treatment related

adverse effects Giol

Grade 2

Grade 3 Grade 4

Mild to moderate localized
rash or pruritus; papules/
pustules covering < 10-
30% of body surface.

Rx: topical corticosteroids.

Skin toxicity.
Most common
adverse effect.

GI toxicity/diarrhea. <4 stools per day
Second most over baseline
common Rx: symptomatic treatment.

over baseline.

Hepatotoxicity.
Occurs in about
10% of patients.

Asymptomatic or

mild symptoms.

Rx: clinical or diagnostic
observations only;

intervention not indicated of LFTs.

Consider holding
immunotherapy.

Endocrine toxicity.
Occurs in 4-8%
of patients.

Asymptomatic.

Rx: clinical or diagnostic
observations only;
intervention not indicated

Non-localized rash (diffuse,
< 50% of skin surface)

Rx: topical corticosteroids
and monitoring.

4 - 6 stools per day

Rx: IV fluids for <24 h, and
symptomatic treatment.

Rule out infectious causes.

If not improving, hold drug
and consider oral/IV steroids.

AST or ALT > 2.5 to < 5.0%
ULN and/or total bilirubin
>1.5to <3.0x ULN.

Rx: frequent monitoring

Moderate symptoms.
Rx: if suspicious for
hypophysitis is high,
complete endocrine
workup should be done.
Hormone replacements
may be considered.

Stevens-Johnson
syndrome, toxic
epidermal necrolysis
(1% of cases), or

rash complicated

by full-thickness
dermal ulceration,
bullous and blisters.

Rx: immediate
hospitalization, systemic
steroids and discontinue
drug permanently.

Intense or widespread rash
> 30%; skin sloughing <
10-30% of body surface;
epidermal or mucus
membrane detachment.
Rx: systemic
corticosteroids,
hospitalization and

hold immunotherapy.

> 7 stools per day
over baseline.

Rx: IV fluids for >
24 h, hospitalization
and IV steroids.

Life-threatening
consequences (e.g.,
hemodynamic collapse).
Rx: hospitalization, IV
fluids, IV steroids.

If symptoms not
improving with IV
steroids, consider
infliximab.

AST or ALT > 5x ULN
and/or total bilirubin
>3.0x ULN.

Rx: hold immunotherapy
and frequent permanently and start
monitoring of LFTs. high dose steroids
Rule out viral, autoimmune (2 mg/kg/day).

or drug induced hepatitis.  If not improving in
48 h, consider oral
mycophenolate (500
mg twice daily).

High ammonia
levels and hepatic
encephalopathy.

Rx: discontinue drug

Adrenal crisis:

severe dehydration,
hypotension, or shock.
Life-threatening

Severe symptoms.
Rx: hospitalization
indicated.

Stop immunotherapy.

Short course of consequences
steroids may improve Rx: high dose
pituitary function. IV steroids.

AST: aspartate aminotransferase; ALT: alanine aminotransferase; ULT: upper limit of normal.

in melanomas and nevi, to as little as 0-18% in other tumors,
such as 1-3% in lung cancers and 5% in colorectal cancer. In
90% of cases, thymine is substituted with adenine at nucleo-
tide 1799 which leads to valine (V) being substituted for by
glutamate (E) at codon 600 referred to as V60OE mutation that
activates the MAPK pathway. The V600K mutation results in
an amino acid substitution at codon 600 in BRAF, from a va-
line (V) to lysine (K). This mutation has been widely associ-
ated with papillary thyroid cancer, NSCLC, colorectal cancer
and melanoma.

The MAPK pathway plays an important role in the patho-
genesis of melanoma. This pathway is physiologically activat-
ed when extracellular signals bind to their cognate membrane
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receptor, typically a receptor tyrosine kinase (RTK). Subse-
quently activated tyrosine receptor kinase leads to stimulation
of small cytoplasmic proteins of RAS gene family (HRAS,
NRAS and KRAS). Among them, NRAS mutations are found
in about 10-15% of melanoma patients. Activated RAS re-
sults in a cascade of phosphorylation events involving the
serine/threonine kinases RAF (encoded by ARAF, BRAF and
CRAF). Activated RAF kinases phosphorylate and activate
MEK1/2, which in turn phosphorylate and activate ERK1/2,
leading to cellular proliferation, survival, and differentiation,
and to an inhibitory feedback toward upstream components
of the pathway (Fig. 1). About 50% of melanomas harbor an
activating mutation in BRAF, the most common being BRAF
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Figure 1. Overview of the signal transduction pathway like mitogen-activated protein kinase/extracellular signal-regulated ki-

nases signaling pathway.

V600E, which renders the kinase constitutively active [40-42].

Vemurafenib

Vemurafenib is a potent inhibitor of the kinase domain in mu-
tant BRAF, a mutation carried by half of melanomas. It was
approved by US FDA and European Medicines Agency for the
treatment of unresectable or MM with mutant BRAF V60OE at
a dose of 960 mg orally twice a day.

Efficacy

A multicenter, phase I dose-escalation trial of 55 patients (49
with melanoma) established a phase II recommended dose of
960 mg twice daily [43]. In an extension phase of this trial,
32 patients with previously treated BRAF V600OE-mutant MM
demonstrated a tumor response rate of 81% (n = 26), with two
patients demonstrating a CR. Among patients with sympto-
matic disease, improvement in symptoms was reported within
1 - 2 weeks.

A follow-up, multicenter, phase II study enrolled 132 pa-
tients with previously treated BRAF V600-mutant MM with-
out brain metastases [44]. Patients who received vemurafenib
960 mg twice daily demonstrated an ORR of 53% (95% CI:
44-62%), with an additional 29% of patients achieving some
degree of tumor control. The median PFS was 6.8 months and
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the median OS was 15.9 months.

In the international, multicenter, randomized, phase III
BRIM-3 trial, 675 patients with previously untreated, MM with
the BRAF V600E mutation were randomly assigned to either
vemurafenib (960 mg twice a day) or dacarbazine (1,000 mg/m?
IV Q3W) in patients who had either metastatic disease or unre-
sectable stage [IIC disease. The results of this study showed that
OS was significantly prolonged with vemurafenib compared
with dacarbazine (13.6 versus 9.7 months). PFS was also sig-
nificantly prolonged (6.9 versus 1.6 months) [45]. Vemurafenib
produced improved rates of OS and PFS in patients with previ-
ously untreated melanoma with the BRAF V600E mutation.

Development of resistance

Several mechanisms have been hypothesized regarding the
development of resistance to vemurafenib after a certain pe-
riod of treatment. Mechanisms of primary resistance include
RACIP29S mutations (RAC 1 regulates cell proliferation
and migration), COT overexpression (COT activates ERK
through mechanism that does not depend on RAF signaling),
alterations in RTK signaling (RTK activation can signal either
through CRAF or through the PI3K pathway), and alterations
in the PI3K-AKT-mTOR pathway (loss of function of PTEN).
The reactivation of the MAPK pathway is the most frequent
cause of acquired/secondary resistance; it may be driven by
events that occur upstream (upregulation and activation of the
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RTK, NRAS activating mutations) or downstream (activating
MEK1/2 mutation, or at the level of BRAF) [46].

Another mechanism that has been proposed is the overex-
pression of e[F4E which is a translation initiation factor. eIF4E
is overexpressed in a panel of melanoma cell lines, compared
to immortalized melanocytes. Knock-down of eIF4E signifi-
cantly repressed the proliferation of a subset of melanoma cell
lines. Moreover, in BRAF V600E melanoma cell lines, vemu-
rafenib inhibits 4E-BP1 phosphorylation, thus promoting its
binding to elF4E. Cap-binding and polysome profiling analy-
sis confirmed that vemurafenib stabilizes the elF4E-4E-BP1
association and blocks mRNA translation, respectively. Con-
versely, in cells with acquired resistance to vemurafenib, there
is an increased dependence on elF4E for survival, 4E-BP1 is
highly phosphorylated and thus eIF4E - 4E-BP1 associations
are impeded. Moreover, increasing elF4E activity by silenc-
ing of 4E-BP1/2 renders vemurafenib responsive cells more
resistant to BRAF inhibition [47].

AEs

The most common TEAEs were arthralgia, rash, nausea, pho-
tosensitivity, fatigue, cutaneous squamous cell carcinoma, pru-
ritus and palmar-plantar dysesthesia in the phase I trial [43]. In-
creased incidence of squamous cell carcinoma in these patients
resulted from increased proliferation of HRAS-mutant cell lines
exposed to vemurafenib which was associated with a paradoxi-
cal re-activation of MAPK signaling [48]. A vemurafenib analog
(PLX4720) accelerated the growth of the lesions harboring
HRAS mutations, and this growth was inhibited by concomitant
treatment with an MEK inhibitor. The common AEs in phase
II and phase III trials were cutaneous events, arthralgia, rash,
fatigue, alopecia, photosensitivity, nausea and diarrhea [44, 45].

A few case reports have been published in the literature
where vemurafenib is associated with development of uveitic
cystoid macular edema [49], Fanconi syndrome [50], gingival
hyperplasia [51], peripheral facial palsy [52], severe radiation
dermatitis [53] and prolongation of QT interval.

Dabrafenib

Dabrafenib is another BRAF kinase inhibitor that has dem-
onstrated significant activity in patients with advanced mela-
noma compared with dacarbazine chemotherapy. Dabrafenib
was approved by the US FDA in May 2013 for the treatment
of patients with advanced melanoma that contains the V60OE
mutation of BRAF at a dose of 150 mg orally twice a day.

Efficacy

An initial phase I trial of patients with BRAF V600E-mutant
melanoma examined escalating doses of dabrafenib in 184 pa-
tients (156 patients with MM and 28 with non-melanoma solid
tumors) [54, 55]. This trial established a dose of 150 mg orally
twice daily for further studies.
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A phase II study (BREAK-2) evaluated the use of dab-
rafenib in patients with BRAF-mutant treatment-naive MM.
A total of 76 patients with BRAF V600E and 16 patients with
V600K mutations were treated with dabrafenib 150 mg twice
daily. BRAF V600E patients had a confirmed response rate of
59% (95% CI: 48-70%) with a 7% CR rate (n = 5), whereas
patients with the BRAF V600K mutation had a response rate
of 13% (95% CI: 0-28%). Median OS was 13.1 months for the
V600E patients and 12.9 months for the V600K patients [56].

An open-label, multicenter phase II trial was conducted
in patients with brain metastases to assess the efficacy of dab-
rafenib (BREAK-MB) [57]. One hundred seventy-two patients
were enrolled and split into two cohorts; those with no prior lo-
cal treatment for brain metastases (cohort A, n = 89) and those
who had progressed after previous local treatment (cohort B, n
= 83). Patients were treated with 150 mg of dabrafenib twice
daily. An intracranial response was observed in 39% (95% CI:
28-51%) in cohort A and 30% (95% CI: 20-43%) in cohort B
patients.

In the pivotal phase III trial, 250 previously untreated pa-
tients with unresectable stage III or stage IV melanoma were
randomly assigned in a 3:1 ratio to either dabrafenib (150 mg
orally twice a day) or dacarbazine (1,000 mg/m? IV Q3W). All
patients had the V60OE mutation in BRAF, the patients in the
dacarbazine arm being allowed to crossover at the time of dis-
ease progression. Dabrafenib significantly improved median
PFS to 5.1 months as compared to 2.7 months for dacarbazine
(hazard ratio (HR) = 0.30, P <0.001). The confirmed response
rate was 50% for dabrafenib, with a 3% (n = 6) CR rate, and a
median time to response of 6.3 weeks [58]. Dabrafenib signifi-
cantly improved PFS compared with dacarbazine.

AEs

The most common grade 2 or higher AEs in the phase I trial
were cutaneous squamous cell carcinoma or keratoncanthoma,
fatigue and pyrexia [54]. Common toxicities in the phase II
trial (BREAK-2) included arthralgia, hyperkeratosis, pyrexia,
fatigue and headache. Serious AEs were reported in 25 patients
(27%) and these included basal cell carcinoma, cutaneous
squamous cell carcinoma, anemia, pyrexia, non-cardiac chest
pain and vomiting [56]. The common AEs in phase III trial
were cutaneous events, rash, fatigue, headache and arthralgia
[58]. Dose reduction was required in 28% (n = 52) of patients,
and five patients (3%) discontinued the drug.

Usage in other cancers

Dabrafenib is also used in the treatment of hairy cell leukemia
along with melanoma [59]. Dabrafenib is used in the treatment
of melanoma in patients with leucopenia induced by vemu-
rafenib as dabrafenib has no negative influence on leucocyte
count [60]. Dabrafenib can be used as a substitute for vemu-
rafenib if the patient develops severe cutaneous AE like toxic
epidermal necrolysis from vemurafenib requiring its discon-
tinuation [61]. Dabrafenib was well tolerated and resulted in
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durable responses in BRAF-mutant differentiated thyroid car-
cinoma patients [62].

Trametinib

Trametinib, an MEK inhibitor, was first approved by FDA in
2013 for treatment of patients with unresectable or MM with
BRAF V600E or V600K mutation. Trametinib is usually taken
as 2 mg orally once daily as a single agent or 2 mg taken orally
once daily with dabrafenib 150 mg orally taken twice.

Efficacy

Based on the below mentioned trial, trametinib was approved
by the FDA in 2013 for the treatment of patients with unresect-
able stage I1IC or MM with BRAF V600E/K mutations.

In an open-label phase III trial (METRIC), 322 patients
with BRAF V600E/K-mutant MM were randomized to receive
either trametinib (n = 214) or chemotherapy with either dac-
arbazine or paclitaxel (n = 108) [63]. Patients who received
prior BRAF inhibitors or MEK inhibitors were excluded from
study. Patients in the chemotherapy group were allowed to
crossover to trametinib with disease progression. The primary
endpoint is median PFS which was improved to 4.8 months in
the trametinib group, as compared to 1.4 months in the chemo-
therapy group (HR = 0.45, 95% CI: 0.33 - 0.63; P < 0.001).
The OS rate at 6 months was 81% in the trametinib group and
67% in the chemotherapy group (HR = 0.54, 95% CI: 0.32 -
0.92; P =0.01), despite 65% of patients in the chemotherapy
arm crossing over to the trametinib arm.

Prior to this trial, there was a phase I trial looking at phar-
macodynamics, dose escalation and AEs.

The phase I trial study was done in three parts: firstly, dose
escalation to define the maximum tolerated dose (MTD) fol-
lowed by identification of the recommended phase II dose, and
lastly assessment of pharmacodynamic changes. The study in-
cluded 206 patients who had any solid tumors, of which 97
patients were diagnosed with MM. Blood samples and tumor
biopsy specimens were taken to assess pharmacokinetic and
pharmacodynamic changes. AEs were defined with common
toxicity criteria, and tumor response was measured by re-
sponse evaluation criteria in solid tumors (RECIST). Overall
ORR was 10%. However, BRAF-mutant melanoma had a re-
sponse rate of 33% [64]. The RECIST-defined response rate
was 40% in the 30 patients with BRAF inhibitor-naive MM,
but only 17% in those with prior BRAF inhibitor therapy (n
= 6). This study has recommended a dose of 2 mg once a day
with manageable side effects.

AEs and safety

The most common AEs with trametinib are skin-related tox-
icities followed by diarrhea and less common included ocu-
lar toxicities and decrease in left ventricular ejection fraction.
These are explained in detail below.
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In the phase I dose-escalation study of trametinib, a load-
ing dose regimen of two 10 mg/day loading doses followed
by 3 mg/day led to grade 3 diarrhea, grade 3 rash and grade
2 central serous retinopathy. Of the 70 patients treated with
the phase Il recommended dose of 2 mg/day, only eight (11%)
had grade 3 treatment-related events requiring dose reduction.
The most typical event leading to dose reduction was rash,
which was poorly classified but most often was acneiform [54,
64]. Although skin-related toxicities were common, no events
of cutaneous squamous cell carcinoma or other proliferative
skin lesions were recorded. Diarrhea was predominately grade
1 and was manageable with standard symptom-based thera-
pies. Treatment-related ocular toxicities were recorded in 31
patients (15%), including one episode of retinal vein occlu-
sion at the phase Il recommended dose of 2 mg/day. The visual
acuity of this patient improved after intraocular treatments of
antibodies against VEGF. A decline in left ventricular ejec-
tion fraction was noted in 16 (8%) patients, but most of these
events were grade 2 or lower. The mechanism of reduced left
ventricular ejection fraction in relation to MEK inhibition is
unknown, but cardiac toxicity has previously been reported in
association with MEK inhibitors; this could represent a class
effect [65]. Subject’s cardiac function did return to baseline
after discontinuation of trametinib.

In the phase III trial, the common AEs associated with
trametinib therapy were rash, diarrhea, peripheral edema, fa-
tigue and dermatitis [63]. A decrease in left ventricular ejec-
tion fraction was noted in 14 patients (7%) and two patients
(1%) had serious cardiac-related events that were considered
to be drug-related, prompting drug discontinuation. Ocular
events (mostly grade 1 or 2) occurred in 9% of patients, with
no observed cases of retinal vein occlusion. In total, AEs led to
treatment interruption in 35% of patients and to dose reduction
in 27%.

Combination Therapy

MAPK pathway inhibition by either BRAF or MEK inhibitors
has proven to increase PFS and OS in patients with MM. Their
efficacy has been curtailed by the toxicity of the side effects
and development of resistance in patients as well as the emer-
gence of secondary cancers such as cutaneous squamous cell
carcinoma due to the activation of BRAF inhibitor-induced
paradoxical activation of MAPK pathway. Combination ther-
apy with BRAF and MEK inhibitors is displaying potential
to overcome these roadblocks. The studies below demonstrate
that the combination therapies decrease the advent of second-
ary cancers, while delaying the emergence of resistance and
increasing the PFS and OS compared to monotherapy [66, 67].

Combined BRAF and MEK Inhibitor

Dabrafenib and trametinib versus dabrafenib and placebo

In a phase III double-blinded study conducted by Long et al
[68], 423 patients with unresectable stage IIIC or stage IV
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melanoma with BRAF V600E/K mutation were randomized
to receive the combination of oral BRAF inhibitor dabrafenib
and MEK inhibitor trametinib (n = 211) (combination therapy
group) or dabrafenib and placebo (n =212) (dabrafenib group).
Patients who had previous systemic anticancer treatment and
those without the BRAF V600E/K mutation were excluded
from the study. The patients were stratified according to the
BRAF genotype and baseline LDH level. The primary end-
point was PFS and the secondary endpoints were OS, response
rate, response duration, safety and pharmacokinetics.

Efficacy

In the intention-to-treat group, the estimated median PFS was
longer in the combination therapy group compared to the dab-
rafenib only group (9.3 vs. 8.8 months with HR of 0.75, P =
0.03). In the patient population with elevated LDH levels,
the median PFS was longer in the combination therapy group
compared to monotherapy (7.1 vs. 3.8 months). The ORR was
67% in the combination therapy group versus 51% in the mon-
otherapy group. Ten percent of patients achieved CR and 56%
had PR in the dabrafenib-trametinib group compared to 9%
of patients with CR and 43% with PR in the dabrafenib only
group.

Quality of life and pain management are important factors
in patients with non-curative cancers such as MM. The study
done by Schadendorf et al showed that the combination ther-
apy is shown to have superior conservation of health-related
quality of life and improvement in pain compared to mono-
therapy [69].

AEs

In both combination therapy and monotherapy groups, py-
rexia, fatigue, headache, nausea, diarrhea and arthralgia were
the most commonly reported AEs. However, pyrexia, hyper-
tension, peripheral edema and diarrhea were more common in
the combination group than the monotherapy group. On the
other hand, the incidence of alopecia, papillomas and hand and
foot syndrome was lower in the dabrafenib-trametinib group
versus dabrafenib alone. Secondary cancers such as cutaneous
squamous cell carcinoma were also lower in the combination
therapy group vs. monotherapy (2% vs. 9%).

Vemurafenib and cobimetinib versus vemurafenib and
placebo

A phase III randomized trial conducted by Larkin et al [70]
on 495 patients with BRAF V600E/K-mutated metastatic or
locally invasive melanoma showed similar results to the above
study. Patients who had received prior cancer treatment and
those with wild type BRAF mutation were excluded from the
study. Patients were randomly assigned to receive either com-
bination therapy of oral BRAF inhibitor vemurafenib (960 mg
twice daily) along with oral MEK inhibitor cobimetinib (60
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mg once daily) or monotherapy of oral vemurafenib along
with placebo. The primary endpoint was PFS and the second-
ary endpoints were OS, response rate, response duration and
safety. The results reported are from July 2014.

Efficacy

The combination group had a significantly higher PFS com-
pared to the control group (9.9 vs. 6.2 months, 95% CI: 5.6 -
7.4). The HR was determined to be 0.51 (95% CI: 0.39 - 0.68;
P < 0.001). The OS at 9 months for the combination group
was 81% compared with 73% of the control group. The re-
sponse rate was determined to be higher in the combination
group compared to the control group 68% vs. 45% (P <0.001).
CR was also higher in the combination group vs. control
group (10% vs. 4%) and the median response duration was 7.3
months in the combination group while the control group did
not reach the median.

AEs

Central serous retinopathy, elevated aminotransferase, creati-
nine kinase levels and gastrointestinal symptoms occurred at a
higher rate in the combination group compared to the control
group. The majority of these events were either grade 1 or 2.

Ipilimumab plus sargramostim vs. ipilimumab

Ipilimumab is an I[gG1 monoclonal antibody that blocks CLTA-
4 thereby enhancing T-lymphocyte activity. Sargramostim is a
granulocyte monocyte colonoy stimulating factor (GM-CSF)
cytokine that augments antigen presentation by dendritic cells
thereby improving lymphocyte antitumor activity [11]. In a
phase II randomized clinical trial study by Hodi et al [71], 245
patients with stage III or IV melanoma with at least one prior
therapy were randomized to receive CTLA-4 blockade with ip-
ilimumab and GM-CSF secreting tumor vaccine sargramostim
(n = 123) or ipilimumab (n = 122) alone. The primary objec-
tive was OS and the secondary endpoints were PFS, response
rate, safety and the tolerability. Median time of follow-up was
13.3 months. The OS data as of December 2012 and other data
as of March 2013 were reported.

Efficacy

The median OS for the combination group was 17.5 months
(95% CI: 14.9-not reached) versus 12.7 months (95% CI: 10.0-
not reached) for the monotherapy group. The 1-year survival
rate for the ipilimumab-sargramostim group was 68.9% (95%
CI: 60.6-85.5%) compared to 52.9% (95% CI: 43.6-62.2%)
for the ipilimumab only group. Subgroup analysis showed that
men who were treated with ipilimumab plus sargramostim had
greater OS compared to ipilimumab alone while the opposite
trend was seen in women. Caution should be used when inter-
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preting the subgroup results as the sample size and number of
deaths in subgroups was comparatively small. However in PFS
and response rate, there was no statistical difference between
the two groups.

AEs

Grade 3-5 events occurred in 44.9% of ipilimumab-sargra-
mostim group compared to 58.3% in the ipilimumab group.
Gastrointestinal toxicities such as colonic perforation and pul-
monary toxicity were notably decreased in the ipilimumab-
sargramostim group versus the ipilimumab group (16.1% vs.
26.7% and 0% vs.7.5%) respectively.

Other combinations

Vemurafenib and ipilimumab

In a phase I study conducted by Ribas et al [72], the first cohort
of six patients each received full dose of vemurafenib (960
mg twice daily) for 1 month followed by ipilimumab infusions
Q3W along with twice daily dose vemurafenib. Four of the
six patients developed dose-limiting, grade 3 increase in ami-
notransferase levels 2 - 5 weeks after first infusion of ipili-
mumab.

A second cohort of six patients received decreased dose of
vemurafenib (720 mg twice daily) with full dose of ipilimum-
ab. Two of the patients developed grade 3 elevations and one
developed grade 2 elevation of aminotransferase 3 weeks after
ipilimumab infusion. The study was discontinued secondary to
hepatotoxicity of the combination therapy.

Nivolumab plus ipilimumab

In a phase I trial conducted by Wolchok et al [73], 53 patients
received anti-CTLA-4 antibody ipilimumab and anti-PD-1
receptor antibody nivolumab concurrently while 33 patients
received sequenced treatment. All patients had stage III or
IV unresectable melanoma. Ninety-three percent of patients
in concurrent group had TEAEs compared to 73% in the se-
quenced treatment group. Most common AEs were rash, pru-
ritus, fatigue and diarrhea. Dose-limiting grade 3 or 4 events
were noted in 21% of patients in the concurrent group vs. 9%
in the sequenced group. Most drug-related events were treated
with immunosuppressant. The data from this study showed
that the combination therapy had an acceptable safety profile
and warrants further investigation to compare efficacy of the
combination therapy versus monotherapy in advanced mela-
noma.

Postow et al [74] recently conducted a double-blinded
study involving 142 patients (109 with BRAF wild type and 33
with BRAF V600OE mutation positive) with MM who had not
previously received treatment. They were randomly assigned
in a 2:1 ratio to receive ipilimumab (3 mg/kg body weight)
combined with either nivolumab (1 mg/kg) or placebo once
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Q3W for four doses, followed by nivolumab (3 mg/kg) or
placebo Q2W until the occurrence of disease progression or
unacceptable toxic effects. The primary endpoint was the rate
of investigator-assessed, confirmed objective response among
patients with BRAF V600 wild-type tumors.

Among patients with BRAF wild-type tumors, the rate of
confirmed objective response was 61% (44 of 72 patients) in
the group that received both ipilimumab and nivolumab (com-
bination group) versus 11% (four of 37 patients) in the group
that received ipilimumab and placebo (ipilimumab-monother-
apy group) (P <0.001), with CR reported in 16 patients (22%)
in the combination group and no patients in the ipilimumab-
monotherapy group. The median duration of response was not
reached in either group. The median PFS was not reached with
the combination therapy and was 4.4 months with ipilimumab
monotherapy. Similar results for response rate and PFS were
observed in 33 patients with BRAF mutation-positive tumors.
Drug-related AEs of grade 3 or 4 were reported in 54% of the
patients who received the combination therapy as compared
with 24% of the patients who received ipilimumab monothera-
py. The ORR and the PFS among patients with advanced mela-
noma who had not previously received treatment were signifi-
cantly greater with nivolumab combined with ipilimumab than
with ipilimumab monotherapy.

Recently Larkin et al [75] conducted a double-blinded,
phase III trial comparing nivolumab alone or nivolumab plus
ipilimumab to ipilimumab alone in untreated patients with
advanced MM. Nine hundred forty-five patients were ran-
domly assigned in a 1:1:1 ratio to either nivolumab alone or
nivolumab plus ipilimumab or ipilimumab alone. The primary
endpoints were PFS and OS. The median PFS was 11.5 months
in patients with nivolumab plus ipilimumab, 2.9 months in ip-
ilimumab alone (P <0.001) and 6.9 months in nivolumab alone
(P < 0.001). In patients with tumors positive for PD-L1, the
median PFS was 14.0 months in both nivolumab plus ipili-
mumab and nivolumab alone groups, whereas in patients with
PD-L1 negative tumors, PFS was longer with combination
therapy than nivolumab alone. TEAEs of grade 3 or 4 occurred
in 16.3% of the patients in the nivolumab group, 55.0% of
those in the nivolumab-plus-ipilimumab group, and 27.3% of
those in the ipilimumab group.

This study proved that in previously untreated patients
with MM, nivolumab alone or nivolumab with ipilimumab
resulted in significantly longer PFS than ipilimumab alone.
In patients with PD-L1-negative tumors, the combination of
PD-1 and CTLA-4 blockade was more effective than either
agent alone.

Conclusion and Approach to Therapy

In summary, the survival rate of patients with MM far im-
proved by the development of these novel drugs and drug
combinations. Anti-PD-1 antibodies like pembrolizumab and
nivolumab have become the preferred approach to immuno-
therapy in patients with advanced melanoma, even though they
are associated with various autoimmune AEs. Anti-CTLA-4
antibody like ipilimumab retains a role in combination with
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