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Skin cancer is the most common form of cancer in the 
United States.1 Most patients develop nonmelanoma skin 
cancer, where surgical excision of the primary lesion 

remains effective for early disease, and survival rate is high. 
Although melanoma accounts for less than 5% of cases of 
skin cancer, it accounts for most (75%) skin cancer-related 
deaths. It is estimated that, in 2014, almost 76,100 men and 
women in the United States will be diagnosed with invasive 
melanoma of the skin, and close to 9,710 people will die from 
the disease. Furthermore, melanoma is the most common 
form of cancer for young adults aged 25 to 29 years and the 
second most common form of cancer for young people aged 
15 to 29 years.2 Given the prevalence of melanoma in young 
individuals, it accounts for 1 of the 10 leading causes of years 
of life lost.3 The overall 5-year survival rate from diagnosis for 
patients whose melanoma is detected early, before the tumor has 
spread to regional lymph nodes or other organs, is about 98% 
in the United States, falling to 62% when the disease reaches 
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ABSTRACT

BACKGROUND: Melanoma is an aggressive disease that accounts for 
approximately 75% of skin cancer-related deaths. Historically, treatment 
options for patients with advanced stage melanoma have been limited by 
modest response rates and failure to improve overall survival. The treatment 
landscape for advanced stage melanoma was revolutionized in 2011 with 
the approval of ipilimumab and vemurafenib, both of which improved overall 
survival in phase III clinical trials. More recently, the targeted inhibitors dab-
rafenib and trametinib have demonstrated similar therapeutic profiles.

OBJECTIVES: To (a) discuss emerging treatment options for advanced mel-
anoma, specifically ilpilimumab, vemurafenib, dabrafenib, and trametinib, 
in the context of their mechanisms of action and their potential for long-
term improvement in patient outcome, and (b) to consider the impact of 
these agents on the current treatment landscape. 

METHODS: A literature search was conducted to collect data from clinical tri-
als involving ipilimumab, vemurafenib, dabrafenib, and trametinib. Emphasis 
was placed on outcome measures related to long-term clinical benefit.

RESULTS: Ipilimumab, a fully human monoclonal antibody, exploits the 
natural ability of the immune system to eradicate primary cancer cells. 
It inhibits the binding of cytotoxic T-lymphocyte antigen-4 to its ligands, 
thereby potentiating T-cell response and antitumor immunity. In a phase III 
clinical trial, ipilimumab at 3 mg/kg improved overall survival in previously 
treated patients with metastatic melanoma. Components of the mitogen-
activated protein kinase (MAPK) pathway are particularly relevant in mela-
noma and have been targeted by small molecular inhibitors. Vemurafenib 
and dabrafenib inhibit the BRAF V600 mutation, which prevents oncogenic 
activities such as uncheck proliferation and evasion of immune response. 
Data from phase III clinical trials suggest that both vemurafenib and dab-
rafenib improve patient outcomes, with vemurafenib showing an overall 
survival benefit and dabrafenib showing improved median progression-free 
survival. The targeted-therapy approach in melanoma continued to gain 
momentum with the development of trametinib, which inhibits the MEK 
protein, the only known substrate of the BRAF V600 protein. Inhibition of 
MEK leads to decreased cell signaling and proliferation in cancer cells. 
In phase III trials, trametinib demonstrated significant improvement in 
median progression-free survival and median overall survival compared 
with chemotherapy treatment, making this treatment a valuable addition 
to the current armamentarium. The adverse events associated with these 
new treatments are generally tolerable and mild to moderate in severity; 
however, care should be taken when selecting a therapy, since the specific 
adverse events associated with these treatments are unique, and serious 
events have been reported.

CONCLUSIONS: The immunotherapy ipilimumab and the MAPK-targeted 
inhibitors vemurafenib, dabrafenib, and trametinib have forever changed 
the treatment landscape for melanoma. Indeed, these new therapies have 
demonstrated long-term improvement in patient outcome, a benefit not 
afforded by traditional therapeutics. Important research continues on the 
molecular basis of melanoma, and new targets are likely to emerge. Other 
areas of work include optimization of sequencing and/or combination of 
current treatments, which may increase the number of patients who expe-
rience clinical benefit.
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•	Melanoma accounts for less than 5% of cases of skin cancer; how-
ever, it accounts for most (75%) skin cancer-related deaths.

•	Systemic chemotherapeutic options for metastatic melanoma 
have little benefit, without improvements in overall survival.

•	Up to 50% of patients with metastatic melanoma harbor an acti-
vating mutation of the BRAF gene.

What is already known about this subject

•	Immunotherapy using the cytotoxic T-lymphocyte antigen-4 
inhibitor ipilimumab was the first drug approved by the FDA to 
show a survival advantage.

•	Three mutation-directed targeted agents, vemurafenib, dab-
rafenib, and trametinib, have been approved by the FDA and 
offer a survival advantage in metastatic melanoma. Vemurafenib 
and dabrafenib are BRAF inhibitors while trametinib is an MEK 
inhibitor.

•	Trametinib is not indicated for patients who have previously pro-
gressed on a BRAF inhibitor.

•	New immunotherapeutic options, such as inhibitors of the PD-1 
and PD-L1 proteins, have shown substantial promise to date and 
may significantly impact the treatment and outcome of patients 
with metastatic melanoma in the near future.

What this study adds

COMMENTARY
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als of patients with advanced melanoma.9-11 Both agents yielded 
incremental increases in OS that were never before realized 
in patients with advanced melanoma. However, the cost of 
each of these novel biologic treatments is substantially higher 
than that associated with previously available therapies for 
this population. When surveyed, payers indicated a minimum 
improvement of 6 months in median OS would be necessary to 
define treatment as “good value.”12 Oncologists presented with 
hypothetical scenarios deemed therapies with an average of 
approximately $300,000 per quality-adjusted-life-year as “good 
value,” although 75% stated that patients should have access to 
effective care regardless of cost.13

In this article, we discuss current treatments for advanced 
melanoma and consider their value in terms of clinical ben-
efit to the patient and the potential for providing long-term 
improvements in patient outcomes.

■■  Understanding the Current Armamentarium
Anti-CTLA-4 Antibodies
Ipilimumab is an antibody against cytotoxic T-lymphocyte 
antigen-4 (CTLA-4) that was approved by the FDA in 2011 

the lymph nodes, and 15% when the disease metastasizes to  
distant organs.4 In a meta-analysis of patients with advanced, 
metastatic melanoma enrolled in phase II clinical trials, the 
1-year survival rate from clinical trial enrollment was approxi-
mately 25%, and median overall survival (OS) was only 6 
months.5

Until recently, systemic chemotherapies (dacarbazine 
[DTIC]), hydroxyurea, or immunotherapy with high-dose 
interleukin-2 (IL-2) were the only treatment options approved 
by the U.S. Food and Drug Administration (FDA) for patients 
with advanced melanoma.6-8 These agents have not demon-
strated improvement in OS, nor have they been studied in 
large randomized phase III trials. Therefore, new strategies 
are continually sought to improve patients’ quantity of life, as 
measured by OS, and to improve their quality of life with the 
ultimate goal of living a healthier, longer, and productive life.

After decades of clinical research that has failed to improve 
survival for patients with advanced melanoma, the treat-
ment landscape changed dramatically in 2011 with the FDA 
approval of 2 new agents, ipilimumab and vemurafenib, on the 
basis of significantly improved OS in randomized phase III tri-
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for adult patients with unresectable or metastatic melanoma.14 
CTLA-4 acts to downregulate T-cell activity, controlling both 
the duration and intensity of immune responses and prevent-
ing unwanted autoimmunity against self-antigens by induc-
ing immune tolerance.15 Ipilimumab blocks CTLA-4, thereby 
allowing appropriate T-cell activation through re-establishment 
of the costimulatory binding of CD28 to B7 via the critical 
interaction between the T cell and antigen presenting cell. This 
interaction restores T-cell proliferation and amplifies T-cell–
mediated immunity, thus, enhancing the patient’s capacity to 
mount an antitumor immune response (Figure 1).

The efficacy of ipilimumab has been investigated in 2 large 
phase III trials of patients with advanced melanoma: at the 
approved dose of 3 milligrams per kilograms (mg/kg) in previ-
ously treated patients and at 10 mg/kg in combination with 
DTIC in treatment-naïve patients (Table 1).9,10 In the treatment-
naïve population, median OS with ipilimumab 10 mg/kg plus 
DTIC was 11.2 months, with a 28% reduction in the risk of 
death compared with DTIC monotherapy (9.1 months, hazard 
ratio [HR]=0.72, P < 0.001). In the previously treated patients, 
median OS with ipilimumab 3 mg/kg monotherapy was  
10.1 months, and the risk of death was reduced by 34% 
compared with the gp100 vaccine comparator (6.4 months, 
HR = 0.66, P = 0.003).

CTLA-4 expression on T cells is ubiquitous. Thus, the activ-
ity of ipilimumab is not dependent on the genetic make-up of 
the tumor or the presence of specific mutations; therefore, in 
theory, it has the potential to be efficacious in all tumors in a 
patient.16,17 The phase III studies support this hypothesis: the 
effect of ipilimumab on OS was observed independent of age, 
sex, baseline serum lactate dehydrogenase (LDH) levels, stage 
of metastatic disease, and previous IL-2 therapy. Importantly, 
survival curves separated and plateaued, suggesting that a pro-
portion of patients experienced prolonged disease control, with 
some patients surviving in excess of 4 years.16 In a landmark 
analysis of 177 patients previously treated with ipilimumab in 
phase II clinical trials at the National Cancer Institute, 13% 
to 25% of patients survived at least 5 years; survival curves 
generally leveled off for patients surviving beyond 4 years, 
revealing a notable durability of the immune response in 
appropriate patients.18 In a second study of extended treatment 
or follow-up in patients previously enrolled in 1 of 3 differ-
ent phase II trials, 5-year survival rates ranged from 12.3% 
to > 49% among both treatment-naïve and previously treated 
patients treated with ipilimumab 10 mg/kg, and importantly, a 
meaningful proportion of patients continued to survive beyond 
5 years (Table 1).19 This durability of response is an important  

Survival Rate, % (95% CI)a

Study 1 Year 2 Year 3 Year 4 Year

MDX010-20b (N=676)9

3 mg/kg + gp100, previously treated (n = 403) 43.6 21.6 N/R N/R
3 mg/kg, previously treated (n = 137) 45.6 23.5 N/R N/R
gp100, previously treated (n = 136) 25.3 13.7 N/R N/R

CA184-024b (N = 502)10

10 mg/kg + DTIC, treatment-naïve (n = 250) 47.3 28.5 20.8 N/R
DTIC, treatment naïve (n = 252) 36.3 17.9 12.2 N/R

CA184-008 (N = 155)16

10 mg/kg, previously treated 	 47.2	 (39.5-55.1) 	 32.8	 (25.4-40.5) 	 23.3	 (16.7-30.4) 	 19.7	 (13.4-26.5)
CA184-022 (N = 217)16

10 mg/kg, previously treated (n = 72) 	 48.6	 (36.8-60.4) 	 29.8	 (19.1-41.1) 	 24.8	 (14.8-35.7) 	 21.5	 (11.9-32.0)
3 mg/kg, previously treated (n = 72)c 	 39.3	 (28.0-50.9) 	 24.2	 (14.4-34.8) 	 19.7	 (10.7-29.4) 	 18.2	 (9.5-27.6)
0.3 mg/kg, previously treated (n = 73)c 	 39.6	 (28.2-51.2) 	 18.4	 (9.6-28.2) 	 13.8	 (6.1-22.5) 	 13.8	 (6.1-22.5)

CA184-007 (N = 115)16

Ipilimumab + placebo (n = 57) 	 62.4	 (49.4-75.1) 	 41.8	 (28.3-55.5) 	 34.4	 (21.1-48.2) 	 32.0	 (18.9-45.7)
10 mg/kg, treatment-naïve (n = 32) 	 71.4	 (55.2-87.2) 	 56.6	 (38.4-74.3) 	 42.5	 (23.0-62.0) 	 37.7	 (18.6-57.4)
10 mg/kg, previously treated (n = 25) 	 50.8	 (31.5-71.1) 	 24.2	 (8.0-42.8) 	 24.2	 (8.0-42.8) 	 24.2	 (8.0-42.8)
Ipilimumab + budesonide (n = 58) 	 55.9	 (42.7-68.8) 	 41.1	 (27.7-54.8) 	 38.7	 (25.2-52.4) 	 36.2	 (22.9-49.9)
10 mg/kg, treatment-naïve (n = 21) 	 65.9	 (45.0-85.7) 	 57.7	 (33.3-81.0) 	 57.7	 (33.3-81.0) 	 49.5	 (23.8-75.4)
10 mg/kg, previously treated (n = 37) 	 49.9	 (33.3-66.6) 	 31.6	 (16.5-47.6) 	 28.4	 (13.9-44.2) 	 28.4	 (13.9-44.2)

aBased on Kaplan-Meier estimation with CIs computed using the bootstrap method; analyses include all randomized patients for studies CA184-007 and CA184-022 and 
all treated patients for CA184-008. 
bCI not available for MDX010-20 and CA184-024.
cIn the 0.3 and 3 mg/kg dose groups, 33% and 42% of patients, respectively, crossed over to the 10 mg/kg dose group. 
CI = confidence interval; DTIC = dacarbazine; mg/kg = milligram per kilogram; NR = not reported.

TABLE 1 Overall Survival Rates with Ipilimumab in Phase II and III Studies



www.amcp.org Vol. 20, No. 4 April 2014 JMCP Journal of Managed Care Pharmacy 349

Current and Future Roles of Targeted Therapy and Immunotherapy in Advanced Melanoma

differentiating feature when considering first-line treatment 
with the checkpoint inhibitors/immunomodulators compared 
with shorter duration of response seen with the kinase inhibi-
tors in patients who are BRAF mutation-positive.

Presumably these extended responses are due to the 
action mechanism of ipilimumab, which is immunologic in 
nature. Researchers have also observed that antitumor immune 
responses can develop over weeks to months, and in some 
patients, apparent initial “progression” has been followed by a 
slow and steady decline in tumor burden or stable disease.20,21 
Therefore, the assessment of benefit at an early time point dur-
ing or after completion of the prescribed 4 doses must take 
into account not only the imaging results, but also the patient’s 
general well-being and laboratory parameters such as the LDH 
levels.

Signal Transduction Small Molecule Inhibitors
Vemurafenib and dabrafenib are oral enzyme inhibitors of 
the oncogenic BRAF V600 protein kinase. Vemurafenib was 
approved by the FDA in 2011, and dabrafenib was approved 
in 2013 for the treatment of adult patients with BRAF V600 
mutation-positive unresectable or metastatic melanoma.22 
BRAF is a serine/threonine protein kinase that activates the 
mitogen-activated protein kinase (MAPK) signaling pathway. 
Approximately 40% to 50% of melanomas harbor activating 
BRAF mutations, more than 90% of which are at codon 600 
and comprise a single-nucleotide mutation resulting in substi-
tution of glutamic acid for valine (BRAF V600E). By inhibiting 
the BRAF V600E mutation, vemurafenib acts to oppose its 
oncogenic activities, such as evasion of senescence and apopto-
sis, unchecked proliferation, angiogenesis, tissue invasion and 
metastasis, and evasion of immune response.

Vemurafenib (960 mg twice daily) received FDA approval 
based on interim 6-month results from a phase III trial for pre-
viously untreated patients with BRAF V600E mutation-positive 
metastatic melanoma.11 With 12.5 months follow-up and cen-

soring of patients who crossed over from DTIC to vemurafenib, 
median OS with vemurafenib was reported to be 13.6 months 
versus 9.6 in the comparator arm; the risk of death compared 
with DTIC was 30% (P < 0.001; 24% without censoring; Table 
2).23 Notably, in a post hoc analysis, the benefit of vemurafenib 
relative to DTIC was greatest in patients with stage M1c dis-
ease and increased LDH concentration. Many patients treated 
with vemurafenib had a rapid tumor response with resultant 
decreased tumor burden as indicated by the high response 
rate. Unfortunately, most patients progressed within about 6 
months, presumably because of acquired resistance through 
various mechanisms. Research indicates that resistance may be 
acquired from the MAPK pathway-dependent and MAPK path-
way-independent mechanisms that allow tumors in patients 
with melanoma to survive despite continued BRAF inhibi-
tion.24-26 To overcome the impact of resistance to vemurafenib, 
the combination of BRAF and MEK inhibitors is being inves-
tigated in clinical trials, with initial data indicating that the 
combination therapy may provide a more durable response 
rate and may prolong progression-free survival (PFS) compared 
with either agent alone.27-30 Interestingly, another strategy being 
investigated in clinical trials that may help overcome BRAF 
inhibition resistance is the use of intermittent dosing of vemu-
rafenib.31

Dabrafenib is another BRAF inhibitor that has demon-
strated efficacy in patients with BRAF-mutated metastatic 
melanoma (Table 2). The phase I study of dabrafenib involved 
184 patients, including 156 with metastatic melanoma.32 
Dabrafenib treatment at the phase II recommended dose  
(150 mg twice daily) resulted in complete or partial response in 
25 of 36 patients (69%) with BRAF V600 mutation. Antitumor 
activity was durable, with 17 patients (47%) on treatment for 
approximately 6 months. In the phase II study, 92 treatment-
naïve patients with melanoma were treated with dabrafenib at 
the phase II recommended dose.33 Response rates were affected 
by BRAF V600 mutation status; patients with the BRAF V600E 

Study Agent Phase Study Arms Median PFS (Months) Median OS (Months)

Chapman et al.23 Vemurafenib III Vemurafenib 960 mg 
PO BID

6.9 13.6

DTIC 
1,000 mg/m2 

IV every 3 weeks

1.6 (HR = 0.38;  
95% CI = 0.32-0.46; P < 0.001)

9.7 (HR 0.07;  
95% CI 0.57-0.87; 

P < 0.001)
Flaherty et al.27 Dabrafenib,  

trametinib
I/II Dabrafenib (75 or 150 mg PO BID) and 

trametinib (1, 1.5, or 2 mg PO BID)
9.4 NR

Dabrafenib monotherapy 5.8 (HR = 0.39;  
95% CI = 0.25-0.62; P < 0.001)

NR

Falchook et al.32 Dabrafenib I/II Dabrafenib dose  
escalation to 300 mg  

PO BID

5.5  
(95% CI = 4.1-8.3)

NR

BID = twice a day; CI = confidence interval; DTIC = dacarbazine; HR = hazard ratio; IV = intravenous; mg/m2 = milligram per square meter; NR = not reported; OS = overall 
survival; PFS = progression-free survival; PO = orally.

TABLE 2 Key Results from Selective BRAF and MEK Inhibitor Studies
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mutation showed a 60% response rate (53% partial, 7% com-
plete), whereas patients with the less frequently observed BRAF 
V600K mutation showed only partial responses (13%). These 
findings highlight the importance of screening for BRAF V600 
mutation status in order to identify patients who are most 
likely to derive the greatest benefit from dabrafenib treatment. 
The phase III study of dabrafenib was designed to compare the 
activity of dabrafenib with DTIC.29 Patients with BRAF-mutant 
metastatic melanoma were randomly assigned to receive either 
dabrafenib (187 patients; dosage 150 mg twice daily) or DTIC 
(63 patients; dosage 1,000 milligrams per square meter [mg/m2] 
every 3 weeks). Response rate was significantly higher in the 
dabrafenib group (50%) than in the DTIC group (6%). Similarly, 
median PFS (mPFS) was longer in the dabrafenib group (5.1 
months) than in the DTIC group (2.7 months; P < 0.0001). 
Taken together, these data suggest that dabrafenib demon-
strates significant improvement in response rate and mPFS 
compared with DTIC in BRAF-mutant metastatic melanoma.

Trametinib is another enzyme inhibitor that is an effective 
therapeutic for the treatment of metastatic melanoma. This 
treatment option is similar to vemurafenib and dabrafenib in 
that it also targets the MAPK pathway (Figure 2).34 Specifically, 

however, trametinib acts by inhibiting MEK, the only known 
substrate of BRAF, which in turn leads to decreased cell signal-
ing and proliferation in cancer cells. Trametinib (2 mg orally 
once daily) was FDA-approved in 2013 for the treatment of adult 
patients with the BRAF V600E/K mutation and unresectable or 
metastatic melanoma.35 A phase II trial of trametinib enrolled 
97 patients with BRAF-mutant melanoma and divided patients 
into 2 cohorts. Patients previously treated with BRAF inhibi-
tor (cohort A, n = 40) showed no confirmed objective response, 
whereas those previously treated with chemotherapy and/or 
immunotherapy (cohort B, n = 57) showed a 25% response 
rate, suggesting that BRAF-inhibitor resistance develops with 
repeated exposure. It is important to note that trametinib, 
therefore, is not indicated in patients who have received prior 
BRAF-inhibitor therapy. In a recent phase III trial, the activ-
ity of trametinib was compared with chemotherapy (DTIC or 
paclitaxel) in 322 patients with BRAF-mutated melanoma in 
the first-line setting. Median PFS and OS were greater in the 
trametinib group (mPFS = 4.8 months; OS = 81%) than in the 
chemotherapy group (mPFS = 1.5 months; OS = 67%).36

FIGURE 2 BRAF and MEK Inhibitor Signaling Pathways
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not be combined outside of a clinical trial setting, given this 
finding, until combination strategies are further pursued in the 
context of a clinical trial setting.

Overall, the MEK inhibitor trametinib is well tolerated. 
The most frequently reported side effects were cutaneous 
AEs, including rash, which occurred in 75% to 90% of 
patients.28,30,42 Gastrointestinal events including diarrhea, nau-
sea, and vomiting have also been reported with trametinib 
treatment; however, these AEs were generally responsive to 
standard supportive care measures. Additional AEs, including 
dry eye and blurred or impaired vision, resolve upon treatment 
discontinuation.

■■  Ipilimumab Retreatment
Clinical studies have looked at the question of retreating 
patients with ipilimumab; the other agents discussed here have 
yet to publish retreatment data. Ipilimumab is administered as 
a 90-minute intravenous infusion at a dose of 3 mg/kg every 
3 weeks for 4 doses over a period of 12 weeks (induction). 
Extended follow-up of melanoma patients indicates that the 
effects of ipilimumab are persistent, even in the absence of 
continued treatment. However, durable immune responses 
are also capable of altering the phenotype of the tumor, which 
may result in impaired or decreased response over time.43 
Emerging evidence suggests that restarting ipilimumab after 
disease progression may reactivate the primed immune system 
to recognize and respond to any remaining tumor cells or new 
tumor cells that have appeared.43 The National Comprehensive 
Cancer Network (NCCN) guidelines state that retreatment 
with ipilimumab may be considered for select patients who 
experience no significant systemic toxicity during their initial 
treatment and who relapse after an initial clinical response 
(complete or partial response) to ipilimumab or stable dis-
ease lasting at least 3 months.44 In the Hodi et al. phase III 
trial, 31 patients were retreated with ipilimumab (alone or in 
combination with gp100). Of these, 6 patients (19%) had a 
durable complete or partial response upon retreatment, with 
15 patients regaining disease stabilization, for a disease control 
rate of 68%. The frequency and type of AEs observed during 
retreatment were similar to those observed during the initial 
dosing regimen, and toxicities observed during induction did 
not appear to predispose patients to retreatment toxicity.43 
Although patient numbers were too small to draw definitive 
conclusions, retreatment with ipilimumab in patients who 
meet defined criteria appears to be a feasible intervention. The 
concept of reactivating an immune response with ipilimumab 
through retreatment is currently being evaluated in a prospec-
tive phase II trial (NCT01709162).43

Safety of Ipilimumab and Enzyme Inhibitors
Given that ipilimumab and enzyme inhibitors have different 
mechanisms of action, it is not surprising that these treatments 
also have different adverse event (AE) profiles. Ipilimumab 
is associated with inflammatory adverse reactions resulting 
from increased or excessive immune activity, which can be 
severe or life threatening and most commonly affect the gas-
trointestinal, liver, skin, nervous, and endocrine systems.37 
These immune-related AEs (irAEs) have been seen consis-
tently across clinical studies and are generally manageable 
and reversible without long-term consequences if recognized 
early and treated promptly.37 Most patients receiving ipi-
limumab have mild to moderate toxicity. In the phase III 
second-line trial reported by Hodi et al. (2010),9 80 out of 
131 patients (61%) treated with ipilimumab 3 mg/kg had an 
irAE, the majority of which were grade 1 or 2. Approximately 
15% of patients (n = 19) experienced a grade 3 or 4 toxicity.9 
The irAEs demonstrated a consistent profile throughout the 
clinical development program. Therefore, ipilimumab and 
treatment can be closely managed in the community setting 
through the use of readily available algorithms that pres-
ent detailed guidance on the management of particular AEs 
according to their severity.38 Using these algorithms, which 
rely on prompt recognition, intervention, and the use of oral 
and/or parenteral corticosteroids, most irAEs are effectively 
managed and resolve within 6 to 8 weeks of onset.39

The safety profiles for vemurafenib and dabrafenib are 
similar; however, vemurafenib was typically associated with 
photosensitivity whereas dabrafenib was mainly associated 
with pyrexia.22,33 These events were generally manageable 
with appropriate clinical care and effective patient education. 
Approximately a quarter to one-third of patients in vemu-
rafenib clinical trials developed squamous cell carcinoma of 
the skin, the majority of which were keratoacanthoma type.11 

Early recognition through dermatologic exams and referral to a 
dermatologist is paramount.

Given the high response rates noted in patients with a V600 
mutation treated with vemurafenib and dabrafenib, and the 
long-term durability of response noted in patients treated with 
ipilimumab, combination strategies have also been pursued. 
A recent pooled analysis of 1,861 patients treated with ipili-
mumab across clinical development of the drug showed that 
the median OS was 11.4 months, and among these patients, 
254 (22%) were still alive after 3 years. A plateau in survival 
of the patients, starting at 3 years and continuing through to 
10 years, appears to be independent of dose (3 or 10 mg/kg), 
whether the patients had received previous treatment or not, 
and whether or not they had been kept on a maintenance dose 
of the drug.40 Unfortunately, as describe by Ribas et al. (2013), 
the combination of vemurafenib plus ipilimumab led to sig-
nificant hepatotoxicity.41 Ipilimumab and vemurafenib should 
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ably with the cohort of patients who did not have prior therapy 
(response rate 39%).60 Single-institution experience has shown 
that vemurafenib treatment in patients with BRAF-mutant 
melanoma with active brain metastases (18% of patients in the 
retrospective study) resulted in an overall intracranial response 
rate of 40%, which is higher than historical response rates to 
whole-brain radiotherapy.61 In addition, an open-label single-
arm study of vemurafenib in previously treated metastatic mel-
anoma patients with brain metastases is currently ongoing.62 
Though BRAF mutations are relatively common in cutaneous 
melanoma, they are extremely rare in areas with low exposure 
to sun and ultraviolet damage, as in ocular and mucosal mela-
noma.63-65 Researchers therefore assume that BRAF-inhibiting 
agents will have little value for these patient subpopulations. 
Many trials testing these agents have excluded patients with 
these melanoma histologies.

■■  Applying Clinical Data to Practice
According to the most recent NCCN guidelines, unresectable 
metastatic disease can be managed by systemic therapy, clini-
cal trial, or best supportive care.44 Preferred systemic regimens 
are ipilimumab, vemurafenib, or dabrafenib (for patients with a 
documented BRAF mutation), treatment in a clinical trial, and 
high-dose IL-2. Thus, an important decision facing clinicians 
is which preferred regimen they should choose.

Ipilimumab and the enzyme inhibitors vemurafenib, dab-
rafenib, and trametinib have each demonstrated critical sub-
stantial patient benefits in the advanced melanoma population. 
On one hand, ipilimumab has been shown to reproducibly 
result in durable clinical benefit in the form of disease control 
(stable disease and objective responses) and long-term sur-
vival improvement, regardless of BRAF-mutation status, with 
approximately 20% of patients surviving at least 4 years.16,18,19,50 
However, objective responses occur in less than 20% of 
patients, and time is needed for clinical benefit to become 
apparent. Vemurafenib and dabrafenib, on the other hand, are 
associated with 40% to 50% response rates in patients with 
the BRAF mutation, and responses may be seen days to weeks 
after starting treatment. However, BRAF inhibitors are not suit-
able for the 50% to 60% of patients without a BRAF mutation; 
moreover, even in patients appropriate for BRAF-targeted ther-
apy, the median duration of response is only 5 to 6 months.66 
In the absence of prospective clinical data to guide the choice 
of treatment sequence in BRAF-mutated patients, many experts 
suggest treatment with a BRAF inhibitor first in patients 
with symptomatic, bulky, or rapidly growing disease.67-69 

These patients are less likely to have time to build an effec-
tive immune response and benefit from immunotherapy and 
may achieve rapid improvement in symptoms with a selective 
BRAF inhibitor. Alternatively, in patients with asymptomatic 
or low-volume disease, immunomodulation can be considered, 
irrespective of the BRAF mutation status. The combination of 

■■  Use of Therapy in Specific Subpopulations 
Ipilimumab at 3 mg/kg is approved for use in patients 
with unresectable or metastatic melanoma, irrespective of 
melanoma subtype. Ninety percent of diagnosed melanomas 
are superficial spreading melanoma, nodular melanoma, or  
lentigno malignant melanomas.45 The remaining 10% are com-
posed of acral lentiginous melanoma (most commonly found 
on the palms of the hands and soles of the feet) and noncu-
taneous melanomas such as ocular and mucosal melanoma.46 
Because of their location and rarity, noncutaneous melanomas 
often remain undetected until they reach an advanced stage, 
at which time treatment options are limited and outcomes 
are particularly poor. Evidence of the efficacy and safety of 
ipilimumab in patients with these rare melanoma subtypes 
is limited; however, preliminary data from expanded access 
programs (EAPs) or single-institution studies provide some 
indication of activity.47-51 Cumulatively, data have been reported 
from 228 patients with metastatic ocular melanoma treated 
with ipilimumab at 3 mg/kg. Median OS ranged from 6 to  
10.3 months, with one-third of patients surviving at least 1 
year from starting treatment. Similarly, among approximately 
200 patients with mucosal melanoma treated with ipilimumab 
3 mg/kg within an EAP setting, 30% to 40% were alive 1 year 
after starting treatment.51

Another population of patients with a traditionally poor 
prognosis that may benefit from treatment with ipilimumab 
is that with brain metastases. Ipilimumab-activated T cells are 
thought to breach the blood-brain barrier, enabling them to 
mount an immune response in the brain.52 In a registrational 
phase III trial, 57 patients with asymptomatic brain metastases 
at baseline were treated with ipilimumab either alone or in 
combination with a gp100 vaccine in the second-line setting. 
A consistent survival benefit was seen in each investigational 
group compared with the gp100 comparator, with HRs of 
0.76 and 0.70, respectively, indicating a lower risk of death 
in ipilimumab-treated patients harboring brain metastases.53 
Within EAPs, 860 patients with brain metastases have received 
ipilimumab 3 mg/kg, with 19% to 25% of patients surviving 
at least 1 year.49,54 These results are encouraging, given the 
median OS for patients with brain metastases is 5 months after 
diagnosis, but this OS depends on the number and location of 
lesions (range 1-13 months).55

Preliminary data also suggest that vemurafenib and dab-
rafenib have activity in patients with melanoma that has metas-
tasized to the brain.32,33,56-58 Patients with BRAF mutations are 
more likely than patients without the mutation to have central 
nervous system involvement at the time that they are diag-
nosed with distant metastatic disease.59 A phase II study of 172 
patients with intracranial disease that assessed the response 
in patients treated with dabrafenib has been completed. In 
patients who received prior cranial-directed treatment, the 
response rate with dabrafenib was 31%, which compared favor-
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BRAF- and MEK-inhibiting therapy appears to significantly 
improve PFS, possibly through delaying the onset of resistance 
in patients; however, this approach is investigational with con-
firmatory studies ongoing.36

Recent data suggest BRAF-resistance mechanisms select for 
a more aggressive disease, with around 50% of patients whose 
tumors fail BRAF-inhibitor treatment experiencing a very 
rapid evolution and progression of disease.68 In situations such 
as these, patients may be unable to complete therapy with the 
BRAF inhibitor and therefore benefit from subsequent immu-
notherapy. In patients with BRAF-mutated melanoma who 
have nonbulky, asymptomatic, or slowly progressing disease, 
first-line treatment with ipilimumab or high-dose IL-2 (in 
appropriate patients) could maximize the chance of long-term 
survival without compromising their ability to respond to 
subsequent BRAF inhibition.67-69 Furthermore, treatment with 
an MEK inhibitor in patients who have progressed on a BRAF 
inhibitor appears to provide minimal clinical activity.30

■■  Future Landscape
The future of therapy for advanced melanoma most certainly 
lies in optimizing the sequencing and/or combinations of cur-
rently available therapies as well as incorporating new treat-
ment options. Among the more promising agents are newer 
therapies that may provide patients with additional options. 
As previously mentioned, MEK inhibitors are likely to play a 
role in improving the response rate and delaying the onset of 
resistance in patients treated with BRAF inhibitors.27,28 Studies 
to date on the blockade of the programmed death 1 receptor 
(nivolumab; PD-1) and one of its ligands, PD-L1, have dem-
onstrated impressive objective responses and durable tumor 
regression across a number of malignancies, including mela-
noma, while remaining safe and tolerable.70,71 These agents 
are currently being studied in combination with ipilimumab, 
and early phase results show that a majority of patients with 
advanced melanoma treated with ipilimumab and nivolumab 
have rapid and deep response of 80% or more tumor regres-
sion (NCT01783938; NCT01024231).72 Augmentation of the 
effects of ipilimumab are being investigated as well. One such 
promising approach includes the use of granulocyte-macro-
phage colony-stimulating factor (GM-CSF) with ipilimumab. 
In a study of 245 patients with advanced melanoma, patients 
were randomized to ipilimumab plus GM-CSF or ipilimumab 
alone. While response rates were similar, the investigation 
arm resulted in improved 1-year and overall survival.73 Studies 
are also exploring antigen-specific immunotherapy, such as 
talimogene laherparepvec, which has demonstrated a sig-
nificant durable response rate and a trend toward improved 
OS in patients with advanced melanoma.74 Adoptive transfer 
of tumor-infiltrating lymphocytes or natural killer cells also 
appears to hold promise, but data to date are in highly selec-
tive patients.75,76 Continued research in these areas is being 
actively pursued.

Limitations
While notable advances have been made in the understanding 
and treatment of melanoma, it is important to recognize that 
the majority of patients with advanced disease will still die of 
the disease. The response rate for ipilimumab is only around 
15%, and long-term durability of response or stable disease 
occurs in a minority of patients. Kinase inhibitors targeting 
the RAS/RAF/MEK pathway are only applicable to 50% of 
patients with specific mutations in the BRAF kinase, and only 
50% of these patients respond to target-directed treatment. In 
patients responding to treatment, duration is typically short. 
Furthermore, rarer forms of the disease, such as acral len-
tiginous, mucosal, and uveal melanomas have other important 
features that have not been fully elucidated. For example, acral 
lentiginous and mucosal melanomas are much more likely 
to have activating mutations in c-KIT77 and may respond to 
agents such as imatinib.78 However, there are currently no 
FDA-approved therapies in melanoma for this particular muta-
tion. Likewise, patients with ocular melanoma have not gener-
ally responded to currently available therapies, although MEK 
inhibitors hold some promise.79

■■  Conclusions
Currently, the preferred treatment options for patients with 
advanced cutaneous melanoma comprise targeted therapy 
or immunotherapy. Targeted agents appear most useful for 
preventing early deaths among patients who urgently need a 
response in BRAF-positive disease, while immunotherapy is 
currently the only option that provides the proven possibility 
of long-term survival, regardless of BRAF status. Traditionally, 
the clinical value of cancer drugs has been determined by 
the median OS; however, this metric does not account for the 
fact that immunotherapies require time to maximize their 
antitumor activity, leading to durable responses and long 
disease-free or disease-stable intervals. Nor does the metric 
take into account the utility of providing patients with a rapid 
symptom-modifying response realized with targeted therapies. 
Immunomodulation effects persist in the absence of continued 
treatment; therefore, those patients living beyond the median 
survival have better survival chances, as evidenced by the pla-
teau in survival curves and meaningful proportion of patients 
living 4 or 5 years from treatment.72 A substantial increase in 
life expectancy, reduction of tumor-induced symptoms, and 
durable disease control are valuable outcomes for patients with 
advanced melanoma, particularly if the patients have a well-
preserved quality of life with the capacity to remain productive 
members of society and/or spend quality time with their fami-
lies.80 In a metastatic disease setting, payers should consider 
both long- and short-term outcomes and the potential impact 
of improved life expectancy and continued productivity on the 
true value of treatment.
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