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Abstract: Cutaneous melanoma is a challenge to treat. Over the last 30 years, no drug or combination of drugs
demonstrated significant impact to improve patient survival. From 1995 to 2000, the use of cytokines such as
interferon and interleukin become treatment options. In 2011, new drugs were approved by the U.S. Food and
Drug Administration, including peginterferon alfa-2b for patients with stage III disease, vemurafenib for patients
with metastatic melanoma with the BRAF V600E mutation, and ipilimumab, a monoclonal antibody directed to
the CTLA-4 T lymphocyte receptor, to combat metastatic melanoma in patients who do not have the BRAF V600E
mutation. Both ipilimumab and vemurafenib showed results in terms of overall survival. Other trials with
inhibitors of other genes, such as the KIT gene and MEK, are underway in the search for new discoveries. The
discovery of new treatments for advanced or metastatic disease aims to relieve symptoms and improve patient
quality of life .
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INTRODUCTION
Cutaneous melanoma  is the more aggressive

form of the disease, occurring when melanocytes
undergo changes and become malignant.1 Melanoma
is less common than basal cell and squamous cell car-
cinomas, but is the most dangerous skin cancer.2

According to the Brazilian National Cancer Institute
(INCA), skin cancer is the most common cancer in
Brazil and accounts for 25% of all malignant tumors
registered in the country, with melanoma accounting
for 4%. In 2009, 1392 deaths were recorded due to
melanoma, and an estimated 6230 new cases are
expected to occur in 2012.3 Treatment of this neoplasm
has a major economic impact. Souza et al. (2009)
demonstrated that the Brazilian state of São Paulo
spent more than R$ 100,000.00 on diagnosis and treat-
ment of melanoma between the years 2000 and 2007.
Cases of stage III and IV disease accounted for 98% of
this expenditure.4

Melanoma causes 50,000 deaths annually
worldwide, and its incidence continues to increase.

The incidence of malignant melanoma has increased
fivefold from 1980 to 2009.5 If the tumor is detected
early, before invading the dermis, surgical excision is
curative in approximately 99% of patients.6 Therefore,
early diagnosis is very important.5,7 The main treat-
ments for melanoma currently are surgery, radiother-
apy and chemotherapy. Surgery can provide efficient
tumor resection, if there are no metastases. Radiation
therapy is used in severe cases and in conjunction
with surgery, to increase the efficiency of treatment.8

Antineoplastic therapy has been based on stimulation
of the body’s own defenses by immunotherapy with
interferon alfα-2β (IFNα-2β) and interleukin-2 (IL-2).9

In 2011, new agents were approved by the U.S.
Food and Drug Administration (FDA) for the treat-
ment of advanced melanoma. These include peginter-
feron alfα-2β (IFNα-2β), which showed significant
results in terms of progression-free survival (PFS, the
time the patient remains alive with stable disease after
treatment) and vemurafenib and ipilimumab, which,
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in randomized trials, demonstrated an improvement
both in PFS and in overall survival (OS, the time
between the start of treatment and the death of the
patient).9-13

MATERIALS AND METHOD
This study aimed to conduct a bibliographic

review on new advances in the treatment of cutaneous
melanoma, mainly including articles published in
Portuguese, Spanish, and English. The PubMed,
LILACS, and SciELO databases were searched for arti-
cles published from 1995 to 2012, using strings such as
“skin cancer and new treatments”, “vemurafenib”,
“ipilimumab”, “interleukin 2 skin cancer”, “interferon
alpha-2β skin cancer”, and “pegylated interferon skin
cancer”. In addition, the reference lists of all articles
considered relevant were consulted in search of new
items for inclusion. Other sources, such as the National
Cancer Institute (NCI), American Cancer Society, and
FDA websites, were searched for additional informa-
tion. Full-text availability was a criterion for selection.

RESULTS AND DISCUSSION
Our review of the literature related to new

advances in the treatment of  cutaneous
melanoma revealed publications on new drugs that have
been approved by the FDA, as well as some studies that
show the expectations to researchers in the field, as the
incidence of skin cancer has increased annually and
melanoma is a leading cause of death by cutaneous dis-
eases (Table 1). The search yielded a total of 60 articles:
two published in Spanish, four published in Portuguese,
and the remainder in English. A total of 27 articles were
read and included; the others were read and found to
have no relevance to the purpose of this study.

DACARBAZINE
In 1970, dacarbazine (DTIC) became the first

chemotherapeutic agent approved by the FDA for
treatment of metastatic melanoma, based on overall
response rates.14 DTIC is one of the triazene deriva-
tives that acts through DNA alkylation, forming
crosslinks within and between helices that lead to
local denaturation of the DNA strand, interfering with
its form and function and killing the cancer cell. DTIC
is a prodrug and requires initial activation by
cytochrome P450 through an N-demethylation reac-
tion. In the target cell, spontaneous cleavage of the
metabolite releases an alkylating compound, dia-
zomethane.8 Recent data show that DTIC, alone or in
combination with other drugs, are used to treat 40-
80% of patients with any type of cancer.15 DTIC
monotherapy produces an overall response rate of 15
to 25%, with an average response time of 5-6 months
and complete response rates of 5%.16

For many years, the first-line systemic therapy
for patients with metastatic melanoma was DTIC. As
in other malignancies, several attempts were made to
obtain better results with DTIC by adding other
agents.17 Temozolomide (a DTIC analog), cisplatin,
carmustine, fotemustine, vinblastine, and tamoxifen
were added to DTIC in a variety of regimens that
induced responses in metastatic lesions in the liver,
bones, and brain, but were unable to produce any sur-
vival benefit for patients.12,18 DTIC is still regarded as
the default choice of chemotherapy for most patients
with melanoma, despite its lack of superiority in com-
parison with other treatments or best supportive care
in phase III studies.17

Toxicities include nausea and vomiting, in over
90% of patients, which usually develop 1 to 3 hours
after treatment, myelosuppression (both leucopenia
and thrombocytopenia), which is usually mild to
moderate; and flu-like illness, consisting of chills,
fever, malaise, and myalgia. Hepatotoxicity, alopecia,
facial flushing, neurotoxicity, and skin reactions have
also been reported.16

INTERLEUKIN-2
The use of high-dose IL-2 was approved by the

FDA in 1998 on the basis of a phase II study showing
long-term, durable complete responses in previously
treated patients with metastatic melanoma (Stage
IV).8,19 Through a mechanism of immunomodulation,
IL-2 stimulates the growth of T cells and NK (natural
killer) cells and thus facilitates its cytolytic effect,
causing malignant cells to be destroyed. The exclusive
use of high-dose IL-2 is an alternative therapy in cases
of patients with metastatic melanoma and good per-
formance status, because the drug is associated with
frequent and very severe acute toxicity.20

Atkins et al. (1999) aimed to determine the tox-
icity and efficacy of high-dose IL-2 in the short and
long term. The study evaluated 70 patients in eight
clinical trials conducted between 1985 and 1993, with
dosages ranging from 600,000 to 720,000 IU/kg,
administered by intravenous infusion (IV) as clinical-
ly tolerated. After 6-9 days, a second course of treat-
ment identical to the first was administered.19

The overall response rate was 16% (95% CI 12-
21%), including 17 complete responses (CR) (6%) and
26 partial responses (PR) (10%). The median duration
of response for all respondents (43 patients) was 8.9
months. Ten patients who had CR and two who had
PR (59%) had a PFS of 12 months, and their responses
were durable during this period. Therefore, high
doses of IL-2 appear to benefit some patients with
metastatic melanoma, producing partial responses or
durable complete responses.16

Davis et al. (2009), with the goal of discovering
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TABLE 1: Comparative table between different studies for the treatment of melanoma

Therapy

IL-2 (1998)

IFNa-2b (1995)
ESTG-1684

IFN-PEGa-2b
(2011)
EORTC 18991

Biochemother
apy

Ipilimumab
(2011)

Disease Stage

IV or recur-
rent 
melanoma

IV or recur-
rent melano-
ma, without
p r e v i o u s
treatment

IIB, IIC or III
(with or wit-
hout lymph
node invol-
vement) or
r e c u r r e n t
melanoma

IIB, IIC or III
(with or wit-
hout lymph
node invol-
vement) or
r e c u r r e n t
melanoma

III,  IV or
r e c u r r e n t
melanoma

III,  IV or
r e c u r r e n t
melanoma 

Goal

Determine the
short- and long-
term efficacy and
toxicity of high-
dose IL-2 

Determine the anti-
tumor efficacy of IL-2

Determine the anti-
tumor efficacy of
high-dose IFNa-2b

Determine the anti-
tumor efficacy of
higher doses of
PEG-IFNa-2b

Determine the anti-
tumor efficacy of
low-dose PEG-
IFNa-2b

Determine whether
the combination of
chemotherapy and
immunotherapy
might have better
efficacy

Evaluate the
median OS of
patients who recei-
ved an ipilimu-
m a b - c o n t a i n i n g
regimen as compa-
red with a group
that received the
gp100 vaccine alone

Trial

n = 70 → 600,000 or
720,000 IU/kg (IV). Cycle
repeated after 6-9 days 

n = 24 → 30 mg/kg (IV)
for 8 weeks

n = 143 → 20 million
IU/m², 5 days a week for
4 weeks, followed by 10
million IU/m², three
times a week for 48 weeks

n = 1256 / n = 627 → 6
µg/kg weekly for 8
weeks, followed by 3
µg/kg weekly for 5 years

n = 1388 → half received
10 million IU/m², 5 days a
week for 4 weeks, follo-
wed by 5 million IU/m²,
three times a week for 2
years

Patients were randomized
to receive cisplatin, vin-
blastine, and DTIC (CVD)
alone or simultaneously
with IL-2 and IFNa-2b

n = 403 → ipilimumab 3
mg/kg + gp100 peptide
vaccine

n = 137 → ipilimumab 3
mg/kg 

n = 136 → gp100 vaccine
peptide

Reference

(19)

(21)

(24)

(27)

(28)

(30)

(33)

Results

n = 43 / PFS 8.9 months
n = 12 / PFS 12 months
The results are more lasting
for the patients with good pul-
monary, heart and kidney
function

n = 9 / PFS 8 weeks
n = 2 / PFS 16 weeks
Response rate is lower and
efficacy in terms of response
rate is comparable to conven-
tional therapies such as DTIC.

The analysis of 7 years of
study showed that on average
1-1.7 years to PFS and 2.8-3.8
years to OS  

First agent to show significant
OS benefit (more pronounced
benefit in patients with lymph
node involvement).

PEG-IFNa-2b → the risk of
recurrence and death in 7% of
patients at 4 years and 13% for
patients with nodal disease.

During 2 years of analysis, the
results of PFS were better with
the use of high medication
doses.

Those who received IL-2 and
IFN-2b showed the slightly
higher response rate and PFS
than the group that received
CVD alone.

There was no increase in OS or
durable responses.

Median OS in ipilimumab +
gp100 group = 10 months
Median OS with ipilimumab
alone = 10.1 months
Median OS with gp100 alone
= 6.4 months

continuation
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Therapy

Vemurafenib
(2011)

Dabrafenib

Trametinib

Imatinib

Disease Stage

III,  IV or
r e c u r r e n t
melanoma,
without 

t r e a t m e n t
previous

III or IV,
w i t h o u t
p r e v i o u s
treatment

III or IV

III or IV

Goal

Evaluate the avera-
ge OS with different
doses of ipilimumab

Evaluate average
OS with vemurafenib

Evaluate the antitu-
mor efficacy of
dabrafenib, another
BRAF inhibitor

Cause a stronger
response against the
cancer and prevent
resistance to treat-
ment, as patients
who use vemurafe-
nib eventually deve-
lop resistance.

Ascertain the effecti-
veness of imatinib
for melanoma with
Kit gene mutation

Trial

n = 73 → 10 mg/kg
n = 72 → 3 mg/kg
n = 72 → 0.3 mg/kg

every 3 weeks for 4
months by IV infusion

n = 337, 960 mg vemurafe-
nib orally twice daily

n = 338 → 1,000 mg/m² of
DTIC, IV, once every 3
weeks

Patients were randomized
to receive dabrafenib (n =
187) or DTIC (n = 63)

n = 125 → varying doses
of dabrafenib / trameti-
nib

Most PFS was achieved in
24 patients receiving 150
mg dabrafenib twice daily
and 2 mg trametinib once
daily

n = 28 → 400 mg of imati-
nib twice daily

n = 43 → 400 mg daily
until disease progression
or unacceptable toxicity
to a mean of 12 months

Reference

(34)

(36)

(39)

(40)

(41)

(42)

Results

OS was 11% at 10 mg/kg, 4.2% 

at 3 mg/kg and 0% at 0.3
mg/kg.

Ipilimumab proved more
effective at a dose of 10
mg/kg.

After 6 months, OS was 84%
for vemurafenib and 64% for
DTIC

Vemurafenib showed a 63%
relative reduction in the risk of
death (OS) and 74% in the risk
of progression (PFS) as com-
pared with DTIC

Average PFS was 5.1 months
with dabrafenib versus 2.7
months with DTIC.
70% → in risk of progression
or death compared with DTIC

Average PFS was 10.8 months
in this group, and 15 of 24
patients (63%) achieved either
CR or PR. This dosage (150/2
mg) is being assessed in a
phase III randomized trial

The durable overall response
rate was 16%, with a median
time to progression of 12
weeks, and mean OS 46.3
weeks.

41.9% (n=18) CR
30.2% (n=13) SD
23.3% (n=10) PR

PFS, progression-free survival; OS, overall survival; PR, partial response; CR, complete response; SD, stable disease; ↓, decrease
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an effective antimelanoma agent, conducted a phase I
study in 14 patients with previously untreated
advanced melanoma, who received IL-2 at a dose of
30 mcg/kg IV for 8 weeks. CR was observed. In phase
II, according to the protocol, 10 patients were added
for a total of 24, and the overall response rate was
8.3%. In the 8th week, 9 patients had PFS; in the 16th
week, 2 patients had PFS, and of these 2, one had CR
and one PR (both with lung metastases). Although the
overall response rate was low in this study, the antitu-
mor efficacy in terms of response rate was comparable
to conventional therapies such as DTIC.21

Although the promise of cure with IL-2 is attrac-
tive, its use is still limited due to high toxicity (20). This
treatment can be offered only to patients who have
adequate cardiac, pulmonary, and kidney function. It
also requires that the physician have adequate training
and resources in terms of trained personnel to perform
cardiac monitoring and administer IL-2 safely.9,21 The
main toxic effects associated with high doses of IL-2
include hypotension, vascular leak syndrome, cardiac
arrhythmias, hepatic dysfunction, fever, nausea, diar-
rhea, catheter-related sepsis, and death.16,22

An important observation is that patients who
have not responded to chemotherapy have the same
chance of responding to IL-2 than patients without
prior treatment. This discovery has led some physi-
cians and patients to consider less toxic treatment
options initially, with the understanding that IL-2
therapy may be considered as second-line treatment.9

INTERFERON ALFA-2β
The mechanism of action of IFNa-2b is unclear.

It is known that it inhibits DNA/RNA replication,
having an antiproliferative effect on cell growth and a
cytostatic effect on malignant cells, as well
immunomodulating actions on various elements of
the immune system, such as stimulation of lytic activ-
ity of NK cells, cytotoxic T lymphocytes, and
macrophages of infected tumor cells; modification of
antibody production by B lymphocytes; regulation of
antigen expression by major histocompatibility com-
plex (MHC) on the cell membrane; and stimulation of
IFNa-2b production.23

IFNα-2β was approved in 1995 for adjunctive
treatment of patients with advanced melanoma at high
risk of recurrence after surgery, stages IIB (between 2
and 4 mm thick, with ulceration, or > 4mm without
ulceration), IIC (> 4mm thick with ulceration), or stage
III (melanoma of any thickness, with or without ulcer-
ation).24 According to a study by Kirkwood, IFNα-2β at
high doses may increase PFS as well as OS.20 In a ran-
domized clinical trial conducted by the Eastern
Cooperative Oncology Group, ESTG-1684, 287

patients (stage IIB, IIC, or III) received high doses of
IFNα-2β (20 million international units [IU]/m², IV, 5
days a week for 4 weeks, followed by 10 million IU/m²
subcutaneously three times a week for 48 weeks). At a
median of 7 years  (6.9-7.6 years),  the study demon-
strated a significant prolongation of PFS and OS for
patients receiving high doses of IFNα-2β. The mean
PFS (1.0-1.7 years, P = 0.023) and OS (2.8-3.8 years, P =
0.237). The benefit of therapy with IFNα-2β was more
pronounced in patients with lymph node involvement.
IFNα-2β is the first agent to show a significant OS ben-
efit in patients at high risk of recurrence.24

This benefit must be balanced against the toxic-
ities associated with the use of IFN to decide whether
adjuvant treatment with IFNα-2β is appropriate.9

Within 12 hours after administration, 80% to 90% of
patients develop flu-like illness, which is the main
adverse reaction, characterized by fever, chills,
headache, myalgia, arthralgia, and malaise. Skin reac-
tions such as rashes, or, in some cases, alopecia, can
occur. Fatigue and hepatotoxicity have been reported,
especially in the elderly.22 Treatment with IFNa-2b can
also have effects on the central nervous system, such
as irritability, depression, memory impairment, and
drowsiness. Antidepressants and other mood stabiliz-
ers may be needed. These symptoms can be severe in
some patients, and can result in discontinuation of
treatment. However, they usually occur only at the
beginning of therapy.25

PEGINTERFERON ALFA-2β
IFN-PEG-2b is characterized by the incorpora-

tion of a polyethylene glycol molecule (pegylation) to
IFNα-2β, which makes it larger and decreases its
metabolism, with the benefit of prolonging plasma
concentrations and thus allowing the administration
of only one dose weekly, unlike the non-pegylated for-
mulation, which is administered three times a week.16

IFN-PEGa-2b was approved by the FDA in 2011
as adjunctive therapy in the treatment of patients with
advanced melanoma at high risk of recurrence after
surgery, disease stage IIB, IIC, or III. This approval
was based on a randomized phase III clinical trial con-
ducted under the auspices of the European
Organization for Research and Treatment of Cancer -
EORTC 18991.26 The study involved 1,256 patients
with advanced melanoma in the postoperative period.
Half of the patients (n = 627) were randomized to
receive high-dose IFN-PEGa-2b (6 mg/kg per week
for 8 weeks as induction followed by 3 mg/kg per
week for 5 years) and the remaining 629 patients
received standard therapy.27

Patients were followed on average for 3.8
years (3.2-4.2 years). There was a statistically significant
improvement in PFS (P = 0.011) in patients treated with
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IFN-PEGa-2b  compared with the observation group
(45.6% versus 38.9%), but no such improvement in OS.
In all patients, IFN-PEGa-2b therapy resulted in a 7%
reduction in the risk of recurrence or death at 4 years of
treatment (13% for patients with microscopic nodal dis-
ease [N1] or other lymph node involvement). There
were no unexpected toxicities with IFN-PEGa-2b and
toxicity did not increase with treatment duration.
However, 355 patients in the IFN-PEGa-2b group (58%)
had dose reductions due to toxicity. Adverse events of
any grade occurred in 30% of patients, the most com-
mon being fatigue, hepatotoxicity, and depression.27

A 2005 study conducted by Eggermont et al.
(EORTC 18952) examined the effect of intermediate
doses of IFN-PEGa-2b (10 million IU/m², 5 days a
week for 4 weeks, followed by 5 million IU/m2 3
times a week for 2 years), alone or in combination
with IL-2, in 1,388 patients to determine whether sim-
ilar efficacy could be achieved with less toxicity. At 2-
year follow-up, this trial demonstrated less benefit
than that observed with high doses of IFNα-2β in
terms of PFS.28

Although these studies have demonstrated a
benefit in PFS compared to the placebo group, this
benefit was lost as soon as the treatment was stopped,
raising the possibility that prolonged treatment may
be required. Eggermont et al., in a combined analysis
of these studies, demonstrated a significant effect in
patients whose tumor reached the lymph nodes.27

BIOCHEMOTHERAPY
Biochemotherapy is the combination of

chemotherapy and immunotherapy. This combination
has been presented in various ways over the years,
but the regimen best known for its results and longer

development time is the combination of DTIC, cis-
platin, vinblastine, IFNα-2β, and IL-2.29

In one phase III clinical trial, 395 patients were
randomized to receive cisplatin, vinblastine, and
DTIC (CVD) alone  (n = 195) or simultaneously with
IL-2 and IFNα-2β (n = 200). Those who received IL-2
and IFN-2b had a slightly higher response rate (19.5%
versus 13.8%, P = 0.140) and longer time to progres-
sion  (4.8 months versus 2.9 months, P = 0,015)  than
patients given only CVD. Although IL-2 and IFN-2b
were able to produce slightly higher response rates
and mean PFS, these were not associated with an
increase in mean OS  (9.0 months versus 8.7 months)
or durable responses corresponding to the percentage
of patients alive at one year (41% versus 36.9%)  .
Considering its high toxicity and complexity, this
combined IL-2 and IFN regimen has limited use for
melanoma.30

IPILIMUMAB
The FDA recently approved ipilimumab for

treatment of metastatic melanoma (stage III and IV)
and recurrent melanoma in patients who had previ-
ously been treated with other chemotherapeutic
agents. It has been clearly demonstrated that patients
with metastatic melanoma live longer if they receive
ipilimumab.11,13

The drug in question is a monoclonal antibody
directed to the CTLA-4 lymphocyte receptor. Its mech-
anism of action is to fundamentally interfere with the
process of antigen presentation (Figure 1). In this
process, the antigen-presenting cell (APC) presents
the antigen via the MHC.31 T lymphocytes then receive
this signal through a specific receptor. However, T-cell
activation is dependent on co-stimulatory factors. An

FIGURE 1: CTLA-4 mechanism of action. B7: cell
surface protein; CD28: T lymphocyte  surface
protein; CTLA-4: T lymphocyte receptor that
acts by inhibiting T cell activation; MHC: major
histocompatibility complex. MHC proteins
encoded are expressed on the cell surface and
exposed to antigens through the MHC

306 Foletto MC, Haas SE

An Bras Dermatol. 2014;89(2):301-10.

Revista2Vol89ingles2_Layout 1  4/2/14  10:04 AM  Página 306



accessory stimulus is provided by the interaction of a
cell surface protein called host B7, which binds to the
CD28 protein. Along with this process, it triggers a
counterbalance system of immune activation, a kind
of “brake”, which is exerted by CTLA-4.32 Ipilimumab
interacts with CTLA-4 to block this inhibitory activity,
“releasing the brake” on activation. The immediate
result is increased immune activation, allowing the
immune system to recognize, home to, and attack
malignant cells.33

Hodi et al. (2010) tested the safety and efficacy
of ipilimumab in a study with 676 patients, where 403
patients received a combination of ipilimumab 3
mg/kg and gp100 peptide vaccine, 137 patients
received ipilimumab 3 mg/kg as monotherapy, and
136 patients received only gp100. Patients received
four doses of ipilimumab as tolerated (induction ther-
apy) for 3 weeks. The aim of the study was to evalu-
ate the median OS of patients receiving a regimen con-
taining ipilimumab as compared with the group
receiving only gp100.33

The median OS was 10 months among patients
receiving ipilimumab plus gp100 vaccine versus 6.4
months among patients receiving gp100 vaccine alone
(hazard ratio for death, 0.68; P < 0.001). The median
OS of patients who received only ipilimumab was 10.1
months (hazard ratio for death compared to gp100
alone, 0.66; P = 0.003).  Hence, ipilimumab with or
without gp100 vaccine improved median OS as com-
pared with gp100 vaccine alone.33

Wolchok et al. (2010) conducted a phase II
study of 217 melanoma patients with stages III or IV
disease, refractory to antitumor treatment, who
received ipilimumab at a fixed dose (induction phase)
of 10 mg/kg (n = 73), 3 mg/kg (n = 72), or 0.3 mg/kg
(n = 72) by IV infusion every 3 weeks for 4 months.
The best survival rates were 11.1%  (95%CI 4.9-
20.7%) in the 10 mg/kg group, 4.2% (0.9-11.7%) in the
3 mg/kg group, and 0%  (0.0-4.9%)  in the 0.3
mg/kg group (P = 0.0015). Therefore, ipilimumab was
most effective at a dose of 10 mg/kg.34

Common side effects that may result from
autoimmune reactions associated with the use of ipili-
mumab include fatigue, diarrhea, and skin rashes,
which are often pruritic.11 Diarrhea is very frequent; in
severe cases, which are fortunately rare, it may even
lead to intestinal perforation. The use of steroids since
the early stages is the best way to control bowel symp-
toms. There may also be hormonal changes such as
hypothyroidism and hypopituitarism, both of which
can be controlled with hormone replacement therapy.33

Due to these unusual and severe side effects,
health professionals should conduct a complete
description of these risks through the Risk Evaluation
and Mitigation Strategies (REMS), which consists of a

Communication Plan to inform health professionals
about the serious risks of ipilimumab, to facilitate
early identification of these risks, and an overview of
management of patients with moderate or severe
immune-mediated adverse reactions.13

VEMURAFENIB
Vemurafenib is another new discovery and rep-

resents a major step forward for melanoma research. It
is a BRAF V600 inhibitor, and when used for the treat-
ment of metastatic melanoma (stage III and IV) and
recurrent melanoma, can slow the progression of
lesions.35 Vemurafenib is indicated as monotherapy for
the treatment of adult patients with metastatic
melanoma positive for the BRAF V600 mutation.36

Before administering vemurafenib, patients must have
confirmation that their tumor is positive for the BRAF
V600 mutation using a validated test (Test of 4800
BRAF V600 Mutation COBAS).37 The test is based on a
real-time polymerase chain (PCR) that detects BRAF
V600 mutations in tumor samples of human
melanoma. Patients whose tumors carry BRAF V600
mutations can benefit from vemurafenib treatment.
The test is performed from DNA extracted from forma-
lin-fixed, paraffin-embedded malignant melanoma tis-
sue samples (resected tumors or biopsy specimens).36

The BRAF protein is normally involved in reg-
ulating cell growth, but is mutated in about half of
patients with end-stage melanoma.36 Vemurafenib is
designed to selectively inhibit BRAF and is capable of
blocking the function of the V600E mutant BRAF pro-
tein (Figure 2).16 Vemurafenib is a low-molecular-
weight, orally available, serine/threonine-protein
kinase BRAF inhibitor. Mutations in the BRAF gene
replacing the valine at amino acid position 600 result
in constitutively activated BRAF proteins, which can
cause cell proliferation in the absence of growth fac-
tors that would normally be required for prolifera-
tion.10, 16, 36,38

Flaherty et al. (2010) conducted a phase I dose-
escalation study in 49 patients diagnosed with
melanoma, which established a maximum tolerated
dose of 960 mg twice daily. An additional phase II
extension involved 32 patients who had metastatic
melanoma with BRAF V600E mutations, to whom the
maximum dose established without adverse effects
such as skin rash, fatigue, and arthralgia was admin-
istered twice daily until disease progression. In select-
ed patients, tumor biopsy was performed before and
during treatment to validate BRAF inhibition. In the
phase I dose-escalation trial, 16 of the 49 patients had
a BRAF V600E mutation. These 16 patients received
240 mg or more of vemurafenib twice daily. At the end
of the analysis, 10 had achieved CR and one had a PR.
Among the 32 patients in phase II, 24 had a PR and
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two achieved CR. The estimated median PFS among
all patients was over 7 months.37

Later, Chapman et al. (2010) conducted a phase
III study comparing vemurafenib with DTIC. A total
of 2,107 patients were screened in 104 centers across
12 countries worldwide. Absence of the BRAF V600
mutation was the main reason for exclusion; patients
with life expectancy < 3 months, aged < 18 years, liver
failure and/or renal impairment, or CNS metastases
were also not included in the study. The final sample
comprised 675 patients with metastatic melanoma
and BRAF V600E mutation who had not been previ-
ously treated. Patients were randomized to receive
either vemurafenib (n = 337, 960 mg orally two times
a day) or DTIC (n = 338, 1,000 mg/m², IV, once every
3 weeks). After 6 months, the OS was 84% (95%CI 78-
89%)   versus 64% (95%CI 56-73%) in the vemurafenib
and DTIC groups respectively. On interim analysis for
OS and final analysis for PFS, vemurafenib showed a
63% relative reduction in the risk of death (OS) and a
74% reduction in the risk of death or progression (PFS)
as compared with DTIC (P < 0.001 for both compar-
isons).36 Average survival appeared to be significant-
ly better at around 2.5 months, and the response rate
was 48% for vemurafenib versus 5% for DTIC.32

The results of phase I, II, and III clinical trials
show that treatment with vemurafenib led to com-
plete or partial tumor regression in most patients with

the BRAF V600E mutation, as well as improvements
in PFS and OS.38 According to Data and Safety
Monitoring Board (DSMB) recommendations, these
results were released in January 2011 and the study
was modified to allow patients in the DTIC arm to
cross over to vemurafenib, which was more effective.36

The most frequent adverse reactions with the
use of vemurafenib include alopecia, fatigue, rash,
and keratosis of the extremities, but two events stand
out: photosensitivity and the emergence of new skin
cancers. Grade 2 or 3 skin photosensitivity reactions
were observed in 12% of patients; grade 3 reactions,
characterized by blistering, might be avoided with the
use of the sunscreen in some patients.16,36,37 Small
tumors, such as squamous cell carcinomas, may arise
in the skin of patients receiving vemurafenib, and
must be treated by local excision.36,37 The median time
to onset of a squamous cell carcinoma was 8 weeks
after initiation of treatment, but with low invasive
potential and practically no metastases.37 Ipilimumab
is being approved with a Medication Guide to inform
health care professionals and patients of the potential
risks of the drug.36

DABRAFENIB
Dabrafenib is another BRAF inhibitor and was

recently compared with DTIC in a phase III study. The
results were very similar to DTIC. A total of 250
patients with stage III or IV melanoma, previously
untreated, were randomized to receive dabrafenib (n
= 187), 150 mg orally or DTIC (n = 63), 1000 mg/m² IV.
The median PFS was 5.1 months for dabrafenib versus
2.7 months for DTIC. The overall response rate of 93%
for dabrafenib included 3% CR, 50% PR, and 40% with
stable disease (SD); these rates were 0%, 19%, and
30%, respectively, with chemotherapy. The treatments
were well tolerated overall. Previous studies have
suggested that patients taking vemurafenib are at
increased risk of sun sensitivity and secondary skin
tumors, such as squamous cell carcinoma; however,
patients using dabrafenib in this study reported a low
incidence of adverse events.39

Dabrafenib showed an impressive 70% reduc-
tion in risk of progression or death in patients with
melanoma and BRAF mutation as compared with
DTIC treatment. Further studies are underway to test
the efficacy of combining dabrafenib with trametinib,
an inhibitor of another gene (MEK).39

TRAMETINIB
The combination of the BRAF inhibitor

dabrafenib and the MEK inhibitor trametinib showed
promising activity in patients with stages III or IV
melanoma and fewer side effects compared with
vemurafenib. The study objective was to create a

FIGURE 2: Vemurafenib mechanism of action. RAS: protein enco-
ded by genes; TKR: tyrosine kinase receptor; MEK: mitogen-acti-

vated by protein kinase; ERK: protein kinase regulated by 
extracellular signals
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stronger response to fight cancer and to prevent or
delay resistance to treatment, since patients who use
vemurafenib eventually develop resistance. A total of
125 patients received dabrafenib/trametinib at a
range of doses. A subgroup analysis included 77
patients who had not previously been treated with
BRAF inhibitors. Among these 77 patients, the overall
response rate was 56%; 6 patients achieved CR, 38 had
PR, and 29 had SD. The average PFS was 7.4 months,
which is comparable to the results observed with
vemurafenib.40

However, dabrafenib/trametinib were given at
four different dosage levels. Most PFS was achieved in
the 24 patients receiving 150 mg dabrafenib, twice
daily and 2 mg trametinib once daily. In this group,
the average PFS was 10.8 months, and 15 of 24
patients (63%) achieved either CR or PR. This dosage
(150/2 mg) has been evaluated in a Phase III clinical
trial. Although the use of BRAF inhibitors is associat-
ed with serious adverse effects, particularly skin
lesions,  which develop in approximately 25% of
patients using vemurafenib,  these side effects
appeared less frequently in patients receiving com-
bined dabrafenib/trametinib therapy;  grade ≥ 2 skin
toxicities occurred in 14% of patients, while only 2%
developed squamous cell carcinoma and 2% devel-
oped premalignant actinic keratosis.40

IMATINIB
A better understanding of the process of

melanoma development and mutation profile of dif-
ferent human genes provided knowledge that is the
basis for targeted drug development [9]. The first clin-
ical evidence of the potential of this concept was
observed by blocking the KIT gene, long known for its
role in gastrointestinal tumors and chronic myeloid
leukemia. A drug capable of inhibiting its activity has
been developed: imatinib.41

Reports from two Phase II open-label studies
using imatinib for melanoma with KIT mutation have
recently been published.42 The study conducted by
Carvajal et al. (2011) analyzed 28 patients who
received imatinib at a dose of 400 mg orally, two times
per day.41 Guo et al. (2011) assessed 43 patients who
also received  400 mg  of imatinib  daily until disease
progression or unacceptable toxicity, with a mean fol-
low-up duration of 12 months. In this study, 10
patients (23.3%,  95%CI 10.2-36.4%)  had a PR and 13
patients (30.2%,  95%CI 16.0-44.0) had SD, with 18 of
43 patients (41.9%) demonstrating tumor regression.42

Imatinib was well tolerated and showed no
very serious adverse effects at a dose of 400 mg. On
the basis of these data, imatinib has shown promising
results as a therapeutic agent in patients with metasta-
tic melanoma and mutations in the KIT gene.16 A mul-
ticenter phase III trial comparing the use of nilotinib,
another KIT inhibitor, with DTIC is underway. The
major limitation of this study has been the rarity of
mutations in this gene, which occur in less than 5% of
patients with melanoma.32 Sunitinib, dasatinib, and
nilotinib, among other tyrosine kinase inhibitors, have
been cited in the literature in search of new drugs for
melanoma, but showed no significant effects.12

FINAL THOUGHTS
A better understanding of the process of

melanoma development and of the mutation profile of
various genes has yielded knowledge that became the
basis for development of new treatments.

Among the drugs recently approved by the
FDA, vemurafenib has a high response rate and pro-
longed time to disease progression, while ipilimumab
brings the possibility of durable responses. Deciding
which medicine to use depends on the clinical picture
and the patient. Patients who present with BRAF
mutation are more suited to treatment with vemu-
rafenib.

Drugs used as immunotherapy, such as IFN
and IL-2, which stimulate the immune system to fight
the cancer, can be effective in combination with
chemotherapy and surgery. Patients in good physical
condition and with a low burden of disease may be
candidates for treatment with high-dose IL-2, which is
characterized by higher curative potential as com-
pared with IFN, but has many side effects that can be
difficult to tolerate. If the cancer has reached nearby
lymph nodes, these lymph nodes may also need to be
removed, and treatment with IFN after surgery may
be effective for these patients.

Although new drugs and expectations have
arisen for patients with melanoma in recent years, it is
generally still incurable. The new discovered treat-
ments prolong patient life and can shrink the tumor
and relieve symptoms, but their cost is high. New
treatments are not as aggressive as conventional
chemotherapy and do not cause hair loss, although
they are associated with a wide range of toxicities. In
Brazil, as in other countries, these new therapies have
not yet been approved, However, not only doctors,
but also patients await the launch of new medicines to
treat melanoma cancer. q
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