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Abstract: As the rate of melanoma continues to increase, so does the need for more effective and 

durable therapies. Despite considerable research, the management of advanced disease remains 

challenging. Numerous therapies are being investigated, many of which aim at upregulating the 

immune system’s innate ability to attack the tumor. Cytotoxic T lymphocyte antigen 4 antibodies 

are immune stimulants that act as negative regulators of the immune system by modifying an 

antitumor T-cell response. Ipilimumab, one such cytotoxic T lymphocyte antigen 4 antibody, 

and vemurafenib, a BRAF competitive inhibitor, were approved as first-line therapies in 2011 

due to improved survival rates versus standard chemotherapy. Allovectin-7 is a lipid plasmid 

that encodes for major histone compatibility complex DNA sequences. It has led to increases 

in cytotoxic T-cell production, which subsequently attacks the tumor. OncoVEX, an oncolytic 

herpes virus, and PV-10, a chemoablative agent, have yielded promising results in metastatic 

lesions and have demonstrated a unique “bystander” phenomenon. In this paper we review the 

basics of melanoma from the pathophysiology, risk factors, signs, diagnostic approaches, and 

current status of immunologic management of melanoma.
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Introduction
Malignant melanoma continues to climb oncology’s “top ten” most wanted list. 

Researchers and clinicians alike are continuing to investigate novel immunotherapies 

as hopeful adjuvant therapies for surgical excision and chemotherapy. Until recently, 

decades of research and clinical trials have struggled to demonstrate significant 

improved survival rates in patients with metastatic disease.1 The median survival 

time of 8–9 months and a 3-year survival rate of 10%–15% when treated with 

systemic chemotherapies are now being surpassed by new immunotherapies.2 

As a result, traditional therapeutic approaches are being augmented with more 

molecular-based approaches in an attempt to yield significant improvement in 

survival rates.

Promising advances in systemic therapy for metastatic melanoma are evolving, 

particularly in the field of immunomodulation. In 2011, ipilimumab and vemurafenib 

were both approved as first- and second-line treatment for metastatic disease in the US 

and Europe.3–5 Additionally in 2011, significant survival benefit was appreciated in a 

combination trial of ipilimumab and dacarbazine compared with dacarbazine alone.6 

Finally, numerous other modalities, including intralesional (IL) therapies, are currently 

being investigated.7

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1

R E v I E W

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/ITT.S30824

Im
m

un
oT

ar
ge

ts
 a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

mailto:brewer.jerry@mayo.edu
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/ITT.S30824


ImmunoTargets and Therapy 2013:2

Overview of the causes, 
pathophysiology, signs, symptoms, 
and diagnosis of melanoma
Recognition and awareness of melanoma risk factors is an 

increasingly important public health concern. Identification 

of an individual’s risk for developing melanoma can guide 

the decision-making process. Additionally, the threshold 

for obtaining a biopsy, follow-up times, as well as sun 

protective behavior education is determined in light of a 

patient’s risk factor profile. Three categories encompass 

the most well-known risk factors for the development 

of melanoma: environmental exposures, genetics, and 

phenotypic expression. The interaction between these three 

categories may account for the disparity of melanoma 

incidence when considering age, geographic locale, and 

ethnic populations.

A direct cause-and-effect relationship between melanoma 

and ultraviolet (UV) radiation cannot be validated 

experimentally. Unequivocal evidence from prospective 

studies dispels any doubt that repeated exposure to UV 

radiation contributes to the pathogenesis of melanoma.8 UV 

radiation comes in many forms and wavelengths. Exposure 

to natural sunlight in the form of UV-A and UV-B radiation 

is most commonly encountered. As a result, a latitude-

associated risk factor develops, as closer proximity to the 

equator bestows a larger risk. Although the precise pattern 

or wavelength of UV exposure that contributes to melanoma 

has not been elucidated, it is theorized that intermittent, high-

potency exposure to nonacclimated fair skin poses a greater 

risk for melanoma than cumulative chronic sun exposure.9 

This notion arises as a result of the counterintuitive 

recognition that indoor workers suffer a higher incidence 

of melanoma than do outdoor workers.10 Furthermore, 

research has uncovered an interesting relationship between 

socioeconomic status and melanoma incidence. Studies 

suggest that countries with high levels of education, high 

income, low poverty, and low unemployment have the 

highest incidence of melanoma.11

More damaging than natural sun exposure is artificial 

environmental exposure of UV radiation induced by 

tanning beds. Consequently, tanning beds have contributed 

drastically to the increased incidence of melanoma 

worldwide, especially in the sun-deprived environments of 

northern climates.12 Since becoming a culturally acceptable 

modality, some studies suggest that nearly 40%–50% of 

teenagers have utilized indoor tanning devices, whereas 

estimates believe that 71% of tanning salon consumers are 

females between the ages of 16 and 29 years.13 The primary 

source of radiation from tanning lamps is UV-A at intensities 

roughly ten times higher than what natural sunrays emit 

midday on a Mediterranean beach.14 The International 

Agency for Research on Cancer published a comprehensive 

review encompassing cross-sectional, case control, and 

cohort studies on melanoma incidence and tanning bed 

use. Analysis indicated that ever-use of tanning devices 

demonstrated a strongly positive association with melanoma, 

although no evidence of a dose-response relationship could 

be elucidated.15 Additionally, and most strikingly, research 

has demonstrated that those utilizing indoor UV tanners are 

74% more likely to acquire melanoma over their lifetime 

compared with those who have never been exposed to 

artificial UV radiation.16

In addition to artificial UV exposure, one of the most 

substantial risk factors for melanoma is a positive family 

history of the disease. Individuals can be predisposed to 

melanoma through either polymorphisms or germline 

mutations. Two major susceptibility genes known as CDKN2A 

and CDK4 are associated with high-penetrance melanomas.17 

CDKN2A encodes two discrete protein products known as p16 

and p14ARF, which, like the protein transcribed from CDK4, 

serve as tumor suppressor proteins in the G1 to S phases 

of the cell cycle.17 Although population-based studies have 

demonstrated the true prevalence of these mutations to be 

exceedingly low, they nevertheless provide insight into the 

tumor progression pathway.18

The primary phenotypic features associated with 

melanoma are genetically driven and include skin color, 

skin type, and number of melanocytic nevi. Skin color is 

determined not by the absolute number of melanocytes but 

rather by the size and distribution of pigmented granules 

within them. Skin color may, in part, explain the large 

variation in melanoma incidence amongst ethnic populations, 

as melanin serves to protect nuclear DNA against ionizing 

radiation.19 An abundance of common melanocytic nevi 

and the presence of atypical or dysplastic nevi serve as a 

significant risk factor for melanoma.10 Although the number 

of nevi one develops is mainly genetically determined, 

environmental factors may also influence the number of nevi 

and thus melanoma susceptibility.20

Melanoma has traditionally been divided into four major 

variations differing in their anatomic location and clinical 

and histologic appearance. Numerous molecular studies 

support the idea of unique and separate tumor progression 

pathways that relate to the anatomic site and degree of sun 

exposure.21 Furthermore, the disparity between the number 

of chromosomal mutations and the frequency of them implies 
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that different histological subsets of melanoma may arise from 

distinct pathways. Currently, the molecular pathogenesis of 

melanoma is focusing on two mutually exclusive mutations 

known as BRAF and NRAS. These mutations function in 

the same pathway but through different mechanisms. BRAF 

is a proto-oncogene localized to chromosome 7q34 and is 

an associate of the serine/threonine protein kinase RAF 

family. Conversely, NRAS belongs to the RAS family of small 

GTPases. Both BRAF and NRAS function in a cohort of 

regulatory proteins in the RAS-RAF-MEK-ERK molecular 

pathway and serve to regulate cell cycle progression, albeit at 

different sites (Figure 1).22 Estimates project that activating 

mutations in BRAF and NRAS constitute upwards of 66% 

and 20% of melanomas, respectively.23 Additionally, the 

frequency of BRAF and NRAS mutations appeared in 81% 

of melanomas characterized by intermittent sun exposure.23 

Melanomas arising from mucosal and acral sites possessed 

higher numbers of wildtype BRAF and NRAS mutations, as 

well as a higher prevalence of CDK4 and CCND1 genes.24 

Furthermore, studies have demonstrated that NRAS 

mutations may be associated with a thicker tumor depth 

and a higher mitotic rate than those with BRAF (V600E) 

mutations.25 Conversely, BRAF (V600E) mutations were 

associated with more frequent and more pronounced 

infiltration of neighboring lymph nodes when metastasizing 

(P = 0.013).26 Although each mutation displays unique 

characteristics, neither mutation has been shown to influence 

overall survival (OS).26

Vemurafenib
(PLX4032)

Figure 1 The B-RAF and N-RAS pathways for the development of malignant melanoma. 
©2008. Elsevier. Reproduced with permission from Sekulic A, Haluska Jr P, Miller AJ et al. Malignant melanoma in the 21st century: the emerging molecular landscape. Mayo 
Clin Proc. 2008:83(7):825–846.
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Early signs of melanoma can be remembered by the 

“ABCDE” acronym, which stands for:

•	 Asymmetrical shape, in that the lesion has two very 

dissimilar appearing halves

•	 Border irregularity or scalloped or nodular edges

•	 Color variation within the same lesion

•	 Diameter greater than 6 mm or 1/4 inch

•	 Evolving over time.

Although this acronym is helpful, unique subtypes like 

amelanotic melanoma may develop in the absence of any 

of these criteria and require a high index of suspicion. If 

metastatic melanoma is detected, symptoms are nonspecific 

and often include swollen lymph nodes, unintentional weight 

loss, headaches, nausea, and vomiting.

Any lesion exhibiting aspects of “ABCDE” should 

be examined and possibly excised by a dermatologist. 

Dermoscopy involves utilizing a powerful magnifying lens 

with or without a fluid interface to more closely analyze 

the in vivo architecture and patterns of pigmentation in a 

suspicious lesion. Major criteria for the identification of 

melanoma include regression erythema, radial streaming, 

a gray-blue or blue-white veil, irregularly distributed 

pseudopods, and an irregular pigment network.27

Histologic examination by a board-certified pathologist 

or dermatopathologist is the gold standard for diagnosis 

of melanoma. Although no stain has demonstrated 100% 

sensitivity or specificity, traditional positive stains include 

S-100, HMB-45, MART-1/melan-A, tyrosinase, and 

MART-1.28 Another diagnostic tool analyzes chromosomes 6 

and 11 through fluorescent in situ hybridization by targeting 

centromeres 6, 6q, 6p, and 11q, demonstrating 86.7% 

sensitivity and 95.4% specificity.29

Current immunotherapies  
for metastatic melanoma
All T cells, both cytotoxic CD8 and helper CD4 cells, require 

an intricate set of receptor-ligand interactions to enable 

proliferation and subsequent effector function. The first 

step in T-cell activation requires a T cell to recognize its 

compatible peptide ligand presented in the framework of a 

major histone compatibility complex (MHC). Consequently, 

to enable full and unbridled activation of a CD4 or CD8 cell, 

a costimulatory molecule present on the aforementioned 

MHC must transmit an additional signal. This secondary 

molecular correspondence is produced between B7 on the 

MHC and a receptor known as CD28 on the T cell.30 Only 

when both interactions occur in this synergistic manner 

can a T cell begin to propagate, initiate gene transcription, 

establish function, and scan the immune system for antigenic 

molecules.30

Cytotoxic T lymphocyte antigen 4 (CTLA-4) is an 

immunoglobulin (Ig) positioned on the surface of CD4 helper 

T cells. CTLA-4 serves to transmit an inhibitory influence 

on T cells and act as a negative regulator of T-cell function. 

As mentioned earlier, CD28 conducts an activating signal 

enabling a positive regulation of T-cell function. Both 

CTLA-4 and CD28 bind to B7 on the antigen-presenting 

cells. Once T-cell activation is complete, CTLA-4 becomes 

upregulated and may outcompete CD28 for the binding to 

B7 and thereby exert a predominant suppression of T-cell 

effector function.31 Ipilimumab (IgG
1
) and tremelimumab 

(noncompliment-f ixing IgG
2
) are both fully human 

monoclonal antibodies that work by selectively binding to, 

and inhibiting the function of, CTLA-4. This subsequently 

releases the inhibitory influence and allows full enhancement 

and utility of the T-cell response.31 Inhibiting this negative 

switch causes a break in peripheral tolerance to self-antigens 

and self-tissue, inducing an antitumor response.

Ipilimumab (MDX-010)
Obtaining improvement in the OS of metastatic melanoma 

remains an imponderable goal. One of the first phase III trials 

investigating ipilimumab looked at 676 patients with unresec-

table stage III or IV metastatic melanoma. The median OS for 

those receiving ipilimumab/gp100 vaccine was 10.0 months 

(95% confidence interval [CI] 8.5–11.5) as compared with 

6.4 months (95% CI 5.5–8.7) for those receiving gp100 vac-

cine alone. Interestingly, the OS for ipilimumab alone was 

10.1 months (95% CI 8.0–13.8), suggesting that ipilimumab 

not only works independently of the gp100 vaccine but also 

may improve survival if administered alone.32

In 2011, a randomized phase III trial demonstrated an OS 

of 47%, 28.5%, and 20.8% at years 1, 2, and 3, respectively, 

in patients receiving ipilimumab-dacarbazine, compared with 

36%, 17.9%, and 12.2% in the dacarbazine-placebo group 

(hazard ratio for death 0.72; P , 0.001).6 The composition 

of immune-related adverse effects in this study differed from 

those in previous clinical trials with a higher incidence of 

hepatotoxicity and a lower incidence of colitis, which may be 

related to the known hepatotoxic effect of dacarbazine.6

Following the aforementioned trial, a retrospective 

analysis was published in 2012 that analyzed OS rates in 

treatment-naïve and previously treated patients with ipili-

mumab in the same clinical trial. The clinical endpoint was 

to determine the effects of previous systemic anticancer treat-

ment on ipilimumab’s efficacy and safety. Median OS for the 
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 treatment-naïve group receiving ipilimumab was 30.5 months, 

with survival rates of 69.4%, 62.9%, and 56.9% at 12, 18, 

and 24 months, respectively. The OS was 13.6 months with 

rates of 50.0%, 37.7%, and 28.5% in the previously treated 

patients at 12, 18, and 24 months. An important implication 

evidenced by this trial suggests that prior systemic treatment 

for metastatic melanoma does not significantly affect the 

clinical or objective response to ipilimumab.33 Currently, 

an induction regime comprising 10 mg/kg every third week 

for 4 months, in addition to a maintenance dose of 10 mg/kg 

every 12 weeks beginning at week 24, has emanated as the 

most successful and tolerable schedule and is being utilized 

in many ongoing phase II and phase III clinical trials.34

Tremelimumab (CP-675,206)
Competing with ipilimumab for recognition in the field of 

anti-CTLA-4 antibodies, a phase III trial of tremelimumab 

was recently completed. Preliminary results revealed an 

OS of 11.76 months with tremelimumab and 10.71 months 

with standard chemotherapy, with the difference not being 

statistically significant.35 Conversely, complete remission was 

noted in 1.8% of those treated with standard chemotherapy 

versus 1.5% complete remission in tremelimumab-treated 

patients, indicating similar eff icacy between the two 

arms.35

Despite meager results and three treatment-related 

deaths in the tremelimumab arm, another study investigated 

the eff icacy of tremelimumab versus interferon-2b.36 

Criteria established to determine clinical improvement 

included complete response rates (all detectable tumor 

has disappeared) and partial response rates (at least a 50% 

decrease in total tumor volume), with objective response 

rate being a combination of the two. In this study, the best 

objective response rate was 24% with four complete and five 

partial responses and a median OS of 21 months.36 Following 

the final analysis of the clinical data obtained from these 

trials, tremelimumab was abandoned as a potential and 

viable option for the treatment of unresectable and metastatic 

melanoma, due to low response rates.

vemurafenib (PLX4032)
The well-known RAS-RAF-MEK-ERK signaling pathway 

mediates signaling for the growth and development of 

melanoma. Currently, the field of immunotherapy is taking 

aim at downstream effector pathways involving BRAF. BRAF 

is a proto-oncogene that becomes mutated in nearly 70% of 

melanoma cases.37,38 These BRAF V600E mutations contain 

a glutamic acid that is substituted for valine, leading to 

sustained and prolonged phosphorylation of the subsequent 

ERK pathway.39

Vemurafenib, derived from V600E-mutated BRAF 

inhibition, is an orally administered adenosine triphosphate 

BRAF competitive antagonist specif ic for the V600E 

isoform.4 Preclinical trials adequately demonstrated 

vemurafenib’s ability to induce cell cycle arrest and apoptosis 

in those variants harboring the BRAF V600E mutation. 

This mechanism leads to the inhibition of ensuing ERK 

phosphorylation and cellular multiplication of malignant 

cells by day 15 (Figure 1).40 Recently, the results of a 

large worldwide multicenter phase III trial were published, 

outlining the first survival data for vemurafenib compared 

with dacarbazine.41 Results revealed that vemurafenib therapy 

decreased mortality by 63% and reduced tumor progression 

by 74%. Additionally, vemurafenib demonstrated a 6-month 

OS rate of 84% versus 64% in the dacarbazine group 

(P , 0.001). Furthermore, the progression-free interval, as 

defined by the time between randomization and documented 

disease progression, was 5.3 months in the vemurafenib 

group versus 1.6 months with dacarbazine (P , 0.001).41

Intralesional therapies
Direct therapeutic injection of an immunmodulator into the 

lesion comprises the basic tenants of IL therapy. Described 

in a case report of a 77-year-old man, 64 intracutaneous and 

pulmonary metastatic deposits were inoculated with the 

Bacille Calmette-Guérin (BCG) vaccine over an 8-month 

period of time. Surprisingly, all injected lesions resolved. 

Additionally, an upregulation of an antitumor immune 

response occurred, which led to a systemic improvement 

in remote, uninjected metastases with 50% regression in 

pulmonary metastases.42 Unfortunately, interest dwindled 

once further trials demonstrated type I anaphylactic reactions 

to the injections and even death occurring secondary to 

dissemination of BCG. Thus, overall, there was a failure 

to substantiate any compelling clinical advantage to these 

findings.43 Regardless of the perceived failure of direct 

injection of BCG, a new subgroup of IL therapies is being 

investigated to determine possible clinical benefits in 

metastatic melanoma.44

Allovectin-7
Representing a first-in-class immunotherapy, Allovectin-7 is 

a combined bicistronic plasmid/lipid composite encoding the 

DNA sequence of human leukocyte antigen-B7 heavy chain 

and ß2-microglobulin. Both of these components are essential 

features of any MHC-1.45 In melanoma cancer cells, there is 
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a diminished expression of MHC-1, enabling malignant cells 

to circumvent recognition by activated T cells. Allovectin-7 

was designed to enhance the allogenic expression of MHC-1 

antigen following direct IL injection.45 Upon administration, 

this drug has produced a five-fold rise in cytotoxic T 

cells, increased and re-established MHC-I molecules, and 

stimulated a proinflammatory reaction.46,47

In a recent phase II trial, the objective response rate, 

defined as those achieving a complete response or partial 

response, was 12%, with a median duration of response 

of 13.8 months.48 Additionally, researchers performed a 

tissue biopsy from two responding patients that revealed 

no histological evidence of melanoma. Finally, of the 127 

patients who received a high dose (2 mg) of Allovectin-7, 

no one exhibited any grade III or IV adverse effects, and 

no dropouts occurred due to side effects.48 Currently, a 

phase III trial of Allovectin-7 is under way, involving 

direct comparison against standard of care dacarbazine/

temozolomide.48

OncovEXGM-CSF

Another direct IL therapy being investigated for the 

treatment of metastatic melanoma is OncoVEX (talimogene 

laherparepvec). This compound is a second-generation 

herpes simplex virus encoding granulocyte macrophage 

colony-stimulating factor (GM-CSF) yielding oncolytic 

properties. This recombinant virus, once injected into the 

tumor cells, is believed to selectively replicate exclusively 

in those cells, express GM-CSF, and subsequently cause 

lysis and destruction.49 These fragmented cells are engulfed 

by antigen-presenting cells and activate an antimelanoma 

immune response that is further enhanced by GM-CSF.50

In a completed phase III study of OncoVEX, 20% obtained 

a complete response, whereas an objective response rate was 

achieved in nearly 28% of patients.51 Another significant 

finding included a 92% durable response, lasting a minimum 

of 6 months, with the majority of patients experiencing 

responses in the range of 18–40 months. Two similarities 

can be noted between the aforementioned Allovectin-7 

trial and the OncoVEX trial. First, a number of patients 

in the OncoVEX trial also obtained complete resolution 

of some visceral metastases, leading to resolution of those 

specific deposits. Secondly, regression was demonstrated 

not only in the injected lesions but also in distal tumors, 

leading to the thought that a secondary immune-mediated 

antitumor effect may exist in these scenarios. Finally, post-

treatment phenotypic evaluation of cells collected from 

tissue samples in individuals receiving OncoVEX and those 

not receiving the vaccine suggested differences between 

T-cell compositions. In the treatment group, an increase 

in regression of melanoma-associated antigen-recognized 

T cells was noted, compared with the control. Additionally, 

a noticeable decrease in regulatory T cells and suppressive 

T cells in the injected lesions was noted versus untreated 

lesions. Because of these promising results, a randomized 

phase III clinical trial is under way.52

Rose bengal (Pv-10)
Rose bengal is commonly known for its role as a chemical 

stain. It is being investigated as a chemoablative agent 

administered as an IL injection for the treatment of various 

cancers, including melanoma.53 The formulation used is 

10% rose bengal in normal saline (PV-10) and is a small 

molecule fluorescein byproduct that remains unmetabolized 

in the body. PV-10 sustains a 30-minute half-life and is 

excreted through the biliary system. Similar to OnvoVEX, 

PV-10 takes preferential aim at cancerous cells by transiting 

directly through the plasmalemma of the malignant cell and 

accumulating in the lysosomes, resulting in their activation.54 

This activation causes autolysis within 60 minutes of 

exposure, leading to fragmentation of the tumor. These 

fragments are then taken up by antigen-presenting cells 

presented to activated T and B cells, causing an underlying 

collateral “bystander” effect.53 This mechanism is unique 

in that there is a highly selective tumor ablation, relatively 

immediate reduction in tumor burden, and concomitant 

activation of the immune system.53

In a recent trial, of the 26 total lesions injected with PV-10, 

25 were evaluated in follow-up. Results revealed that 36% 

of lesions (nine of 25) demonstrated complete response, 

12% (three of 25) showed partial response, 28% (seven of 

25) exhibited stability of the lesions, and 24% (six of 25) 

displayed progressive disease.55 Overall, this suggested that 

IL injection of PV-10 leads to regression in up to 48% of 

metastatic deposits. Furthermore, the distant noninjected 

lesions were also evaluated in this study and exhibited an 

objective response rate of 27%.55 Researchers noted a strong 

positive correlation between the response rate of target and 

nontarget lesions in an individual. This suggests that those 

who responded well to the IL therapy at the target site also 

exhibited good response in the nontarget lesions, again 

supporting the presence of a bystander effect.55

The next phase II trial revealed a 33% complete 

response rate, 28% partial response rate, 18% with stability 

of their disease, and an objective response rate of 49% 

in target lesions.56 The locoregional control of disease 
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(complete + partial + stable) was 71%. Additional analyses 

of those who exhibited complete response also demonstrated 

a considerably longer progression-free survival time 

(11.1 months) compared with those with progressive or even 

stable disease (2.7 and 2.8, respectively).56

In both studies, PV-10 was extremely well tolerated 

by participants, with no severe adverse side effects noted. 

No individuals withdrew from the study or discontinued 

treatment. The most common adverse effect noted in both 

studies was pain and mild-to-moderate inflammation at the 

injection site.55,56

Further research and challenges
Melanoma is very complex and remains relatively resilient to 

most therapeutic modalities. Most forms of immunotherapy, 

whether for melanoma or not, are unique, in the sense that 

they need time to work. However, when these responses 

occur, they tend to be more durable and longer lasting.1 

Further trials are needed to investigate the numerous 

possibilities for combination and adjuvant therapy.

Recently, a great hope for anticancer therapy has been 

to identify a weakness in the tumor’s molecular pathway 

and target those specific weak points. Although rela-

tive success is often achieved initially, the overall results 

seem to be lacking. After the remarkable initial trials with 

 vemurafenib,  subsequent follow-up revealed many individu-

als with complete regression of their tumors were experi-

encing  recurrence.57 It was found that the resistant tumors 

were able to bypass the pathway inhibition by developing 

a new mutated kinase-binding domain.58 Many believe 

that the next step in antitumor therapy will be the develop-

ment of a second-generation drug designed to block the 

tumor’s most common escape route, restoring the growth 

pathway by activating a downstream protein called MEK.59 

Table 1 Summary of the therapeutic target, relevant clinical trials, and common side effects of select melanoma immunotherapies

Immunotherapy Target Current trials Completed trials Side effects

Ipilimumab* Noncompliment-fixing IgG2 selectively  
binds to and inhibits CTLA-4, releasing  
an inhibitory influence and allowing full  
activation of the T-cell response

Currently, 67 trials are under  
way investigating combination  
therapy, efficacy, and safety.  
Search http://www.clinicaltrials.
gov for more information

Phase II  
NCT00289640,**  
NCT00289627,**  
NCT00729950,**  
NCT00135408**

Exanthem, diarrhea, pruritis,  
colitis, inflammatory  
hepatotoxicity, hypophysitis,  
episcleritis66

Tremelimumab Noncompliment-fixing IgG2 that  
selectively binds to and inhibits  
CTLA-4, releasing an inhibitory 
influence and allowing full activation  
of the T-cell response

Phase I NCT01103635** Phase III trial – 
abandoned secondary  
to low response rates

Exanthem, diarrhea, pruritis,  
colitis, inflammatory  
hepatotoxicity, hypophysitis,  
episcleritis66

vemurafenib* Selective BRAF kinase inhibitor  
for melanoma containing the  
BRAFv600E mutation

Currently, 31 trials are under  
way investigating combination  
therapy, efficacy, and safety.  
Search http://www.clinicaltrials.
gov for more information

Numerous trials have  
concluded, including  
a recent phase II trial  
NCT00949702**

Squamous cell carcinoma,  
verrucous keratoses,  
lobular panniculitis,  
photosensitivity, keratosis  
pilaris, rash, fatigue,  
alopecia, keratoacanthoma,  
pruritis, nausea, diarrhea,  
hyperkeratosis67,68

Allovectin-7 Intratumoral injection of a plasmid/lipid  
composite encoding HLA-B7  
and ß2 microglobulin that expresses  
foreign antigens and causes a local  
inflammatory response

Phase III NCT00395070,**  
phase III NCT00003647**

Phase II  
NCT00044356**

Injection site pain, rigors,  
fatigue, injection site  
erythema, myalgia, pyrexia,  
arthralgia, headache48

OncovEXGM-CSF Intratumoral injection of herpes  
simplex-1 virus encoding GM-CSF  
that selectively replicates within  
tumor cells, causing necrosis and  
lysis of the cell

Phase III NCT00769704,**  
phase III NCT01368276**

Phase II  
NCT00289016**

Fever, chills, fatigue/ 
malaise, pain at injection  
site, headache, vomiting,  
diarrhea52,69

Pv-10 Intratumoral injection, leading to  
accumulation within the lysosome  
and subsequent autolysis of the  
tumor cell

Cleared for phase III trials  
to begin in late 2012

Phase II  
NCT00521053,**  
phase I  
NCT002198438**

Pain at treatment site,  
local inflammation, pruritis,  
photosensitivity55

Notes: *Received Food and Drug Administration approval for treatment of unresectable or metastatic melanoma (2011); **National Institutes of Health ClinicalTrials.gov 
reference number.
Abbreviations: CTLA-4, cytotoxic T lymphocyte antigen 4; GM-CSF, granulocyte macrophage colony-stimulating factor; Ig, immunoglobulin.
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 Possible  blockades of sequential or additional downstream 

targets may provide the answer to overcoming the evolving 

resistance pathways in these molecular tumors. To prolong 

the benefits across months to years, it may become necessary 

to devise repeated complex treatment regimens, each tailored 

at a patient’s own evolving tumor.

With the ever-increasing and crippling cost of medical 

therapies, one has to question the availability and accessibility 

that patients have to these agents. The monthly cost of 

vemurafenib is estimated at $9400, with a total cost of 

$56,400 for a 6-month treatment. In addition, a seemingly 

insignificant $120–$150 will be incurred for genetic testing 

to determine whether one carries the mutated V600E 

BRAF gene.60 Furthermore, the anticipated reluctance 

of both government and private insurance companies to 

cover these agents seems almost certain. At this point, 

the challenge becomes developing an agent that not only 

decreases morbidity and mortality but also is accessible 

and synergistically complements the economical demands 

of health care.

Patient-focused considerations
OS, complete response rates, and months of progression-

free disease are common benchmarks for clinical trials. 

However, it remains essential to not lose perspective of 

quality of life (QOL) issues that represent an independent 

predictor of survival in nearly all cancers.61 In addition, QOL 

issues may become a primary concern in clinical decisions 

for situations where survival benefits with current therapy 

are modest. For some, the number of days, months, or years 

given following a diagnosis of metastatic melanoma may 

not be as concerning as the quality of that time period and 

the absence of underlying side effects (see Table 1). In one 

study of patients with melanoma, those who demonstrated 

optimism and positivity about their disease prognosis or 

who minimized the influence of cancer in their daily lives 

were found to live longer than those who did not.62 Patients 

should be involved in the choice of treatment type after a 

thorough informed consent process has been undertaken by 

the treating team to maximize autonomy and foster feelings 

of teamwork. This simple act seems to empower patients and 

provide a more optimistic outlook on the disease process.63 

Secondly, the amount of supportive therapy and social 

support received from clinicians, family, and friends also 

correlates highly with an increased QOL.64 Interestingly, 

individuals undergoing complete lymph node dissections 

demonstrated lower QOL than those receiving a sentinel 

lymph node biopsy.65 This is an example that demonstrates 

the importance of weighing potential benefits and risks of 

any treatment regimen, and taking into consideration the 

impact on QOL.

Anatole Broyard70 wrote: “To the typical physician, 

my illness is a routine incident in his rounds, while for me 

it’s the crisis of my life.” Combining the high mortality 

rate and young age at which melanoma can be diagnosed, 

researchers have noted increased anxiety, psychological 

strain, and tumor-associated fears that may, in fact, postpone 

the quest for medical evaluation in patients.71 Identified risk 

factors that may forecast the likelihood of one to experience 

increased levels of psychological stress included female 

gender and advanced age at diagnosis. Counterintuitively, 

depth of melanoma at diagnosis was correlated with lower 

levels of anxiety.72 Key issues for researchers and clinicians 

alike to keep in perspective are those factors that contribute 

to the overall apprehension associated with a diagnosis of 

melanoma. Those factors conferring the greatest anxiety 

in general include the prognosis, the patient’s own fears of 

death, and the attitude of the diagnosing physician.73 Other 

factors, like failure of previous treatments, fear of pain, and 

previous experiences with melanoma and other cancers, 

ranked lowest on the list of anxiety-provoking factors.73 

These issues remind us all that, first and foremost, before 

any treatment with these novel immunotherapies begins, 

every patient needs reassurance and confidence from their 

physician, which ensues with effective communication 

techniques and a respectful doctor-patient relationship.

Conclusion
New and evolving immunotherapeutic agents are yielding 

meaningful and promising clinical responses in patients with 

metastatic melanoma. Numerous clinical questions remain 

unanswered, including optimal dosing regimens, synergistic 

combination therapy, and the management of adverse effects. 

As research continues, consideration should be given to the 

development of predictive biomarkers to determine which 

therapy may be most appropriate. Furthermore, additional 

trials are needed to investigate combination therapies and 

drug resistance in order to maximize clinical outcomes. It 

should be emphasized that despite the widespread research 

and clinical excitement produced by these agents, their actual 

efficacy remains relatively poor. It is plausible that part of 

the reason why Food and Drug Administration approval 

was obtained for ipilimumab and vemurafenib resulted, 

in part, from a glimpse of optimism during an otherwise 

stagnant decade of developments in melanoma drug therapy. 

Finally, regardless of how effective and durable response 
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rates appear, the economical availability of these agents in 

mainstream medicine likely poses the greatest impediment 

to their widespread use.

Disclosure
The authors report no conflicts of interest in this work.
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