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Immunotherapy for Metastatic Melanoma
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ABSTRACT

Melanoma has traditionally been considered an immunogenic tumor. A number of approaches have been studied for enhancement of
antitumor immunity. The first cytokine approved for the treatment of metastatic melanoma, interleukin-2, has resulted in prolonged responses
in a small subset of patients, providing hope that immunotherapy might be useful for this disease. Ipilimumab, a monoclonal antibody to
CTLA-4, was recently approved and a number of other promising investigational approaches are currently being pursued. This manuscript
discusses more recent advances in the treatment of melanoma employing a variety of immune-enhancing approaches. J. Cell. Biochem. 113:

725-734, 2012. © 2011 Wiley Periodicals, Inc.
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| \ ’ I elanoma is the most aggressive form of skin cancer. Recent

decades have seen a rise in both incidence and mortality
from metastatic disease [Jilaveanu et al.,, 2009]. In 2011, an
estimated 70,230 new cases of melanoma will be diagnosed
(approximately 40,010 males and 30,220 females) and 8,790 deaths
are expected (approximately 5,750 males and 3,040 females) [Siegel
et al., 2011]. This is a sharp rise when compared with a decade ago;
in 2001, there were 51,400 cases and 7,800 deaths [Greenlee et al.,
2001]. With median survivals of roughly 7 months until recently
and a miniscule 5-year survival rate of less than 10%, metastatic
melanoma remains one of the most difficult cancers to treat
effectively. With the advent of new innovations in treatment of
advanced melanoma, treatment options are likely to be substantially
less limited and, more importantly, overall survival (0S) is expected
to improve significantly.

Immunotherapy has been used for a number of decades to treat
cancer. Melanoma, in particular, as a disease that has the ability to
invoke a spontaneous immune response, has been a prime target for
immunotherapeutic approaches. Though immunotherapy-based
approaches have had varying degrees of success, they are
demonstrating increasing promise in the treatment of metastatic
melanoma.

Since the initial success with interleukin-2 (IL-2) and interferon-
a, and the subsequent clinical approval of IL-2, the focus has
included alternative cytokines, adoptive immunotherapy, immu-
nomodulators, dendritic cell therapies, peptide vaccines, and
combinational immunotherapies. Though the clinical responses to
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these immunotherapies until recently were somewhat disappointing,
advances have been made in the past decade that provide renewed
optimism that immune modulation will continue to improve.
Perhaps the biggest advances have been made in the disruption of
immune checkpoints and adoptive cell therapy. Further work is
needed to identify predictive biomarkers to enhance the therapeutic
ratio for melanoma patients. Though these approaches are still
evolving, the intention of this article is to discuss the recent
advances and future directions.

Cytokines are small protein molecules secreted by cells of the
immune system. Cytokines are signaling molecules that function as
regulators and immune-modulating agents. The extent of the effect
that a particular cytokine might have on immune activity depends
greatly on a number of factors including abundance of the cytokine
or the complementary receptor in the host system, ability and
potency of signaling to downstream targets, and redundancy of
function, to name a few.

The first immunotherapy approved by the Federal Drug
Administration (FDA) for the treatment of unresectable melanoma
was the cytokine IL-2. Treatment with high-dose IL-2 can result in
prolonged responses in a minority of patients [Jilaveanu et al.,
2009]. The overall response rate to IL-2 is in the order of 10%, and
approximately half of those are very durable [Jilaveanu et al., 2009].
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Lower doses of IL-2 have been used alone and in combination with
interferon and chemotherapy (biochemotherapy). The response rate
to biochemotherapy is higher, but the OS was not superior to that of
chemotherapy alone [Jilaveanu et al., 2009]. Attempts have been
made to identify factors that might predict response or resistance to
IL-2 [Sabatino et al., 2009]. However, no biomarkers have been
validated on independent patient cohorts.

With the initial activity of IL-2 in the treatment of advanced
melanoma, other interleukins, such as interleukin-21 (IL-21), have
been studied in early phase clinical trials. IL-21 regulates B cells, and
also induces activation of CD8+ T cells and/or NK cells, promoting a
potent antitumor effect in pre-clinical models and in patients
[Frederiksen et al., 2008]. Phase I and II studies utilizing IL-21 for
treatment of melanoma have been completed [Davis et al., 2009;
Rasmussen et al., 2010; Hashmi and Van Veldhuizen, 2010; Petrella
et al., 2010]. Antitumor activity was reported at a dose of 30 pg/kg,
which was generally well tolerated. In one phase II clinical study, 40
patients with stage IV melanoma were given three different IL-21
dose regimens. Of the 37 evaluable patients, 9 had a partial response
(PR) (ORR =24.3%; median duration =5 months), 16 had stable
disease (SD), and 12 had progressive disease (PD). The likelihood of
response was not dependent on dose, IL-21 receptor expression, or
B-Raf mutational status. The adverse effects reported with IL-21
were mild, minor fatigue and muscle pain (flu-like symptoms),
transient lymphopenia and a rash, similar to those induced by other
cytokines. Based on studies in mouse tumor models, intratumoral
delivery of IL-21 could potentially inhibit tumor growth more
potently [Costanzo et al., 2010]. Recent pre-clinical studies have
shown increased efficacy when combining IL-21 with other
cytokines or fusing it to GMCSF [Williams et al., 2010; Zhao
et al.,, 2010]. The latter has been shown to induce distinct, but
complimentary, elements of the immune response not seen with
either of the two cytokines alone [Williams and Galipeau, 2011].
These unique synergistic effects can be exploited in the future for
treatment of melanoma.

Other cytokines in clinical development include IL-7, IL-15, and
IL-18, all of which activate cytotoxic T cells. Immunotherapy
targeted to induce differentiation of CD8(+) T cells at the tumor site
toward effector and memory stages is believed to be a key step for
the efficacy of antitumor response. In this regard, cytokines such as
IL-7 and IL-15 alone or in combination may be exploited to promote
antigen-independent maturation of antitumor CD8(+) T cells [Le
et al., 2009]. IL-7 and IL-15 belong to the IL-2 gamma-chain
receptor cytokine family. IL-7 and IL-15 have been shown to induce
faster and more prolonged T-cell proliferation and less apoptosis of
activated T cells than IL-2 [Caserta et al., 2010; Li et al., 2010].
A phase I trial of IL-7 in combination with peptide vaccine therapy
comprising gp100 and MART-1 antigens in patients with metastatic
melanoma has been completed, while a phase I/II trial using IL-15 in
patients with resected stage IlIc/IV melanoma is currently accruing
participants (www.clinicaltrial.gov). To avoid systemic toxicities,
attempts are underway to develop methods of targeted delivery of
cytokines to the tumor site. These antibodies allow targeting surface
markers on melanoma cells for the specific delivery of chemically or
genetically linked immune-stimulating cytokines. In a phase I/II
clinical trial, the activity of EMD 273063 (hul4.18-IL2) (EMD

Lexigen Research Center), a humanized anti-GD2 monoclonal
antibody fused to IL-2, was tested in patients with unresectable
melanoma [Ribas et al., 2009]. EMD 273063 showed some biologic
activity with increased immune-related cytokines and intratumoral
changes in some patients. Post-treatment tumors showed decreased
staining for GD2, the target of EMD 273063, in four out of seven
cases studied, and in most cases a trend was seen toward increased
intratumoral CD3+ T cells and CD8+ T cells.

Another class of cytokines used for melanoma, the interferons,
activate immune cells, such as macrophages and natural killer (NK)
cells, and also up-regulate antigen presentation to T lymphocytes,
resulting in an increase in recognition of antigens or tumor cells.
Interferon-alpha (INFa) has both antiproliferative and immuno-
modulatory effects. For this reason, INFa administered by a variety
of schedules was studied in several trials, but were not shown to
significantly improve survival for metastatic melanoma patients,
when given as a single agent or in combination with chemotherapy,
and these regimens were highly toxic [Jilaveanu et al., 2009].
Subsequent trials were performed at lower doses aimed at reducing
toxicity, but still resulting in no significant difference in 0S. We
note that in the adjuvant setting, in patients with resected stage Il or
III disease, while use of interferon has not consistently resulted in
significant improvement in OS, studies have consistently demon-
strated significant improvement in relapse-free survival [Mocellin
et al., 2010]. Granulocyte-Macrophage-Colony-Stimulating Factor
(GMCSF) is another cytokine that has been studied for melanoma
treatment. GMCSF recruits monocytes that have the potential to be
cytotoxic to tumor cells, activate macrophages, and activate
dendritic cells responsible for immune response by T cells [Grabstein
et al., 1986; Szabolcs et al., 1995]. GMCSF has been given to patients
with both unresected and resected disease. In one phase 1II trial, 31
patients with unresectable metastatic disease were treated with oral
temozolomide followed by subcutaneous GMCSF, interferon-alfa,
and recombinant IL-2. CR was documented for four patients (13%)
with an additional four patients (13%) demonstrating PR [Weber
et al., 2005]. In a recent phase IIl study in the adjuvant setting,
GMCSF was administered to patients with resected Stage III/TV
disease. Although the study recruited a large patient sample (815
patients), there was no statistically significant difference in OS, but
there was a trend toward improved survival in the treatment arm
(72.1 months) compared to the placebo arm (59.8 months) [Lawson
et al., 2010]. The 250 mcg, 14-day regimen (every 28 days for up to 1
year) was well tolerated, with primarily grade I/II toxicities. Further
analysis of this study suggested that patients with Stage IV disease
may see the most benefit. However, further study in randomized
trials is necessary to corroborate this subset analysis [Lawson et al.,
2010].

Another avenue that has been pursued for many years is the
utilization of vaccines. Cancer vaccines have been studied since
William Coley’s fortuitous findings that bacterial toxins adminis-
tered to cancer patients resulted in some patient benefit [Kirkwood
et al., 2008]. More recent findings in the field have led to the first
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FDA-approved cancer vaccine, Sipuleucel-T (from Dendreon
Corporation) for prostate cancer. This is an autologous dendritic
cell (DC) immunotherapy, which involves ex-vivo engineering of
DCs to recognize prostate acid phosphatase. The primary function of
DCs is to process antigenic material and in turn present that antigen
on its surface to other cells, functioning as messengers between
innate and adaptive immunities of the host. The surface presentation
typically activates cells such as CD8+ cytotoxic T cells to respond to
that antigen. The primary antitumor effector function is believed to
lie with the activation of cytotoxic CD8+ T cells and of NK cells.
However, since tumors are considered to poorly present antigens,
and also due to high numbers of DC-inhibiting regulatory T Cells
(Treg cells) associated with melanoma, this cytotoxic T cell/NK cell
response has to be further augmented in order to be effective for
treating melanoma [Ilkovitch and Lopez, 2008]. The objective of
modulating DCs by vaccine is to elicit an immune response,
activating cytotoxic T lymphocytes (CTLs), which will react with and
eventually reduce, or hopefully even eradicate, the tumor. DCs can
process peptides from various tumor antigens, present the antigens,
and activate immune responses [Alexandrescu et al., 2010]. Several
experimental regimens have used peptide antigens, autologous,
and/or allogenic tumor lysates.

Various clinical trials incorporating DC vaccines have been
conducted, as reviewed by Engell-Noerregaard et al. [2009]. Though
repeated T-cell activation with antigen-loaded DCs does occur, most
of these studies have demonstrated that expansion of specific
immune responses to tumor-antigen is often ephemeral, seldom
yielding durable responses [Banchereau et al., 2001; Rosenberg
et al., 2005; Alexandrescu et al., 2010]. Some successes have been
noted with peptide- or tumor lysate-pulsed DCs, rendering them
capable of eliciting CTL response. However, autologous DCs of
cancer patients lack responsiveness without ex vivo manipulation to
trigger their activation [Sivendran et al, 2010]. A recently
completed phase I/II clinical trial utilizing DC-based therapy
specifically for the treatment of MM resulted in treatment-
associated SD for a reported 24% of patients, with SD being
correlated to prolonged survival. However, only 13% of patients
demonstrated continued survival after 4 months, and a mere 6% had
prolonged SD for more than 6 months [Trepiakas et al., 2010].
Advancing the clinical efficacy of these regimens will require both
more efficient stimulation of DCs and more effective immunogenic
adjuvants.

Manipulation of Toll-like receptors (TLRs) is one approach to
enhance DC-based therapy. TLRs bind to agonists that are capable of
inducing inflammatory response. Typically these antigenic agonists
are delivered via the antigen presenting cells (APCs) as part of the
innate immune response. The most common and potent of these
APCs are DCs. As DCs present antigenic agonists to the TLRs, pro-
inflammatory responses are elicited. The use of TLR agonists as
adjuvants to mature DCs is an enticing approach to trigger and
enhance antitumor responses. This pro-inflammatory response in
combination with response from more specific, targeted therapies
has been studied in advanced melanoma [Brichard and Lejeune,
2007; Bogunovic et al., 2011]. Successfully augmented immuno-
logic responses were found in melanoma patients treated with either
peptide- or protein-based vaccines coupled with adjuvant TLR

agonists Imiquimod (TLR7) and Resiquimod (TLR7/8) [Shackleton
et al., 2004; Adams et al., 2008; Bogunovic et al., 2011]. Radboud
University Nijmegen Medical Centre is currently recruiting patients
for a study of TLR ligand matured DC vaccination in melanoma
patients (www.clinicaltrials.gov).

Recent in vitro and mouse in vivo work with TLR agonists
demonstrates that certain TLR agonists or combinations thereof can
be synergistic in maturing DCs while others are actually
immunosuppressive, inhibiting inflammatory cytokine production
and or T-cell priming [Bogunovic et al., 2011]. Efforts are also
ongoing to enhance DC antigen presentation, such as the clinical
trial currently being conducted by Celldex, Inc., using CDX-1401 in
conjunction with resiquimod in metastatic melanoma expressing
NY-ESO-1 (www.clinicaltrials.gov).

Therapeutic antibodies have been used in a number of cancer
settings. Antibodies can circulate freely in the blood and the
lymphatic system, where they can bind to targets either on the cell
surface or in the blood. Monoclonal antibodies to inhibit or activate
immune co-inhibitory or co-stimulatory molecules, respectively,
have been used in recent trials, as summarized below.

The TNFR super-family comprises a growing list of receptors for
membrane-bound and soluble cytokines all of which are expressed
predominantly on cells of hematopoietic lineage. Examples of TNFR
super-family members include: 4-1BB (CD137), 0X-40R (CD134),
CD40, the CD30 Ag, CD27, FAS (CD95), and DR3. A common
function of the TNFR super-family members is the regulation of
activation/proliferation or induction of apoptosis of lymphocytes,
by delivering co-stimulatory signals to T cells. Co-stimulation is a
requirement for T-cell activation and a lack of co-stimulation results
in peripheral T-cell tolerance, which results in immune unrespon-
siveness or T-cell death through apoptosis. Animal models have
shown that sustaining positive co-stimulatory signals will boost
T-cell responses against tumor antigens and will facilitate the
generation of cytotoxic T-cell (CTL) responses, which will ultimately
mediate or induce tumor cell death [Croft, 2009].

AGONISTIC ANTIBODIES TO 4-1BB (CD137), 0X-40 (CD134) AND
CD40
Anti-4-1BB (CD137). 4-1BB (CD137) is an inducible costimulatory
receptor expressed on various activated immune cells such as T cells,
NK cells, DCs, eosinophils, and mast cells. Upon ligand binding,
CD137 delivers anti-apoptotic signals, prevents T-cell death and can
enhance antigen-specific T-cell activity [Sivendran et al., 2010].
Agonistic antibodies targeting 4-1BB (CD137) have been
developed and tested in phase I/II clinical studies. A phase I
dose-escalation study of BMS-663513 (anti-CD137 (4-1BB), Bristol
Myers Squibb Co.) was conducted in patients with advanced solid-
tumor malignancies including melanoma [Sznol et al., 2008]. BMS-
663513 was administered every 3 weeks intravenously. The drug
was well tolerated across a wide dose range (0.3-15mg/kg) and
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demonstrated limited clinical activity as a single agent in some
patients, including patients with melanoma. Fatigue, transaminitis,
and neutropenia were the primary reported side effects. Concomi-
tant biomarker studies demonstrated increased expression of IFN-
inducible genes in peripheral blood, circulating activated CD8 and
CD4 T cells and serum neopterin levels. In a subset of patients, post-
treatment biopsies showed increased expression of CD8a and IFNv.
Another randomized, multi-dose, phase II study of BMS-663513
administered at doses of 0.1, 1, or 5 mg/kg every 3 weeks or 1 mg/kg
every 6 weeks, as second-line monotherapy in patients with stage III
or IV melanoma, has been completed (www.clinicaltrials.gov).

Anti-OX-40R (CD134). 0X-40 (CD134) is a co-stimulatory
receptor, transiently expressed on activated CD4 and CD8 T cells.
CD134 regulates T-cell function and survival. Upon ligand binding,
CD134 enhances cytokine production and augments proliferation of
both CD4 and CD8 T cells.

In a phase I trial, a mouse antihuman 0X40 agonistic antibody
was tested in patients with advanced tumors at escalating doses
[Kovacsovics-Bankowski et al., 2009]. The overall toxicity was low
and partial tumor regression was seen in 5 out of 20 patients.
Correlative analyses showed induction of CD4+ T helper cells, CD8-+
T cells, and NK cells in a dose-dependent manner.

Anti-CD40. CD40 is a transmembrane receptor expressed on
various immune cells, as well as endothelium, platelets, and tumor
cells. Activation of CD40 by ligand binding promotes B-cell and T-
cell activation and stimulates apoptosis and growth of tumor cells
[Sivendran et al., 2010]. Agonistic anti-CD40 antibodies trigger
antitumor immunity. In a phase I clinical trial, a human IgG2
agonistic anti-CD40 antibody, CP870,893 (Pfizer, New York), was
tested in 29 patients with advanced solid tumors, including
melanoma. Patients received doses from 0.01 to 0.3 mg/kg and
the dose-limiting toxicity was reported at 0.3 mg/kg (venous
thromboembolism and headache). Four patients with melanoma
(14% of all patients and 27% of melanoma patients) had objective
PRs [Vonderheide et al., 2007].

ANTAGONISTIC ANTIBODIES TO IMMUNE CO-INHIBITORY
MOLECULES: ANTI-CTLA4 AND ANTI-PD1 INHIBITION OF
CYTOTOXIC T-LYMPHOCYTE ANTIGEN 4 (CTLA-4)

The first antibody-based immune therapy for melanoma, ipilimu-
mab, was approved by the FDA in March 2011. Ipilimumab is a
monoclonal antibody that inhibits CTLA-4, resulting in induction or
augmentation of antitumor immunity. CTLA-4 is a member of the
immunoglobulin super-family and acts as a negative regulator of
the immune response. Up-regulation of CTLA-4 on the surface of
CTLs, which are important mediators of specific antitumor
responses, induces cell cycle arrest of CTLs and inhibits proliferation
of these cells, contributing to immune evasion [Korman et al., 2006].
An inhibitory antibody against CTLA-4 eradicates inhibitory
downstream signals and enhances T-cell activation, eliciting their
cytotoxic antitumor response. Ipilimumab (MDX-010/BMS-734016,
Medarex Inc./Bristol Myers Squibb Co., Princeton, NJ) was studied in
a large number of clinical trials, as summarized by Thumar and
Kluger [2010]. The pivotal trial that led to its approval for treatment
of late-stage melanoma patients with unresectable stage III or IV
melanoma randomized 676 patients to one of three arms [Thumar

and Kluger, 2010]. Patients received either ipilimumab alone (137
patients), ipilimumab in combination with a gp100 peptide vaccine
(403 patients), or gp100 alone (136 patients). Ipilimumab was
administered in both arms at a dose of 3 mg/kg every 3 weeks for
four treatments. In this relatively poor prognosis group of patients,
there was significant improvement in median OS in the two arms
that received ipilimumab compared to patients that received gp100
peptide alone, 10 months versus 6.4 months, respectively [Hodi
et al., 2010]. Despite the reported OS benefit in patients treated with
ipilimumab, response rates in this trial and other clinical trials with
ipilimumab for melanoma range from 5 to 15% only, although many
of these responses are durable [Thumar and Kluger, 2010].
Additional phase III trials have been completed, most notably a
randomized trial comparing ipilimumab plus dacarbazine to
dacarbazine alone in metastatic melanoma. Patients were random-
ized to receive ipilimumab (10 mg/kg) and DTIC (850 mg/m?) or
placebo and DTIC (850 mg/m?) at weeks 1, 4, 7, 10 followed by DTIC
alone every 3 weeks through week 22. Ipilimumab and DTIC
significantly improved OS when compared to DTIC alone (median
survival of 11.2 months vs. 9.1 months), with higher survival rates in
the ipilimumab-dacarbazine group at 1 year (47.3% vs. 36.3%), at 2
years (28.5% vs. 17.9%), and at 3 years (20.8% vs. 12.2%) [Robert
et al., 2011].

Combination studies including ipilimumab are underway. A
combination trial of ipilimumab and anti-PD1 (described below) is
ongoing (www.clinicaltrials.gov). A combination trial with ipili-
mumab and the inhibitor of mutated BRAF (present in approxi-
mately 50% of melanomas), vemurafenib, will start shortly.
Ipilimumab has been given in combination with bevacizumab
(a monoclonal antibody to VEGF) in a phase I trial for metastatic
melanoma. Patients received 10 mg/kg ipilimumab plus 7.5 mg/kg
or 15mg/kg bevacizumab. Toxicity was not negligible, but the
response rate appeared to be superior to that of ipilimumab alone.
Among the 21 evaluable patients, eight PRs and six incidences of SD
were reported [Hodi et al., 2011].

Tremelimumab (CP-675,206) is a fully human IgG2 monoclonal
anti-CTLA-4 antibody which has been investigated in phase [, II, and
III clinical studies. In the phase III trial for patients with metastatic
melanoma, tremelimumab (15 mg/kg every 3 months for up to four
doses) was compared to standard single agent chemotherapy [Ribas
et al., 2008]. Single agent tremelimumab was well tolerated, but
failed to demonstrate an OS benefit when compared to standard
chemotherapy, temozolomide or dacarbazine (median OS was 11.8
months in the tremelimumab arm and 10.7 in the chemotherapy
arm). Although targeting the same molecule, tremelimumab and
ipilimumab might in fact have totally different mechanisms of
inhibition that could explain the difference in their clinical efficacy.
Tremelimumab is an IgG2 antibody, while ipilimumab is an IgG1
isotype, and even though in general IgG subclasses show more than
95% homology in the amino acid sequence, they can uniquely
modulate immune response with differences in complement
activation, binding to the Fc receptor and triggering of immune
effector cells. It is also possible that the timing and dosing of the two
anti-CTLA-4 regimens may be critical, and every 3-week ipilimu-
mab induction might be more advantageous for effective immune
stimulation compared to the every 90-day tremelimumab induction.
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To improve the therapeutic ratio of CTLA-4 inhibitors, efforts are
underway to discover predictive biomarkers and study optimal use
of combinations of ipilimumab with other drugs [Sondak et al.,
2011].

Ipilimumab treatment is associated with unique challenges in
terms of managing toxicities (immune-related adverse events, irAEs)
and interpreting imaging studies. Toxicities associated with
ipilimumab are mainly immune-related adverse events (irAEs),
and are somewhat related to dosage and scheduling. Grade 3-4
irAEs were reported in 20-40% of patients, with the majority of
toxicities being skin, endocrine, and gastrointestinal. Though this
percentage is sizeable, most irAEs are reversible with corticosteroids.
Dermatological adverse effects include pruritis, rash, and vitiligo.
Gastrointestinal adverse effects include colitis with diarrhea,
bleeding, and bowel perforation. Endocrine adverse effects include
hypophysitis, adrenalitis, and thyroiditis. Ocular irAEs are less
common, but can affect vision. Toxicities can be life-threatening,
with a mortality rate of less than 2% from treatment-related bowel
perforation and autoimmune colitis.

The kinetics of response to ipilimumab therapy are different from
those observed with conventional chemotherapeuties. Treatment
with ipilimumab can be associated with delayed responses, initial
tumor growth followed by shrinkage and mixed responses, making
standard radiographic criteria difficult to apply. Tumor inflamma-
tion resulting from infiltration by CTLs could be the likely cause of
initial tumor growth followed by belated shrinkage [Thumar and
Kluger, 2010]. New radiographic criteria are being investigated
[Wolchok et al., 2009].

INHIBITION OF PROGRAMMED CELL DEATH-1 (PD-1)
Another antagonistic antibody-based treatment is an antipro-
grammed cell death-1 (PD-1) antibody. PD-1 is expressed on
activated T and B cells, monocytes, NK-T cells, and DC and has two
ligands, PD-L1 (B7-H1) and PD-L2 (B7-H2). PD-L1 is expressed on T
and B cells, macrophages, and DCs, while the latter is more restricted
to DCs [Weber, 2010]. High levels of PD-L1 were found on tumors
including melanoma, where it is believed to mediate immune
evasion by promoting T-cell apoptosis [Dong et al., 2002]. A positive
correlation was observed between PD-L1 expression on melanoma
cells and OS [Kronig et al., 2011]. PD-1 is aberrantly expressed on
circulating melanoma antigen-specific T cells and tumor-infiltrating
lymphocytes (TILs). It is believed that melanoma cells may initiate
and sustain durable PD-1 signaling, and in turn, T-cell exhaustion
and T-lymphocyte dysfunction. Therefore, since tumors and their
microenvironment express PD-1 and PD-L1, PD-1 blockade might
reverse its aberrant expression and signaling, restore function of
immune effector cells, and induce an antitumor immune response.
Preliminary studies in PD-1-deficient mice injected with B16
melanoma cells resulted in heightened T-cell response and cytokine
production, and inhibition of hematogenous spread of melanoma
cells [Iwai et al., 2002]. Based on these preclinical findings, early
phase clinical trials were initiated with anti-PD-1 (MDX-1106;
Bristol Myers Squibb) as a single agent [Brahmer et al., 2010; Sznol
et al., 2010]. In one study, MDX-1106 was administered at doses of
1, 3, and 10mg/kg IV. MTD was not reached and drug-related
adverse effects were mild and included fatigue, nausea, diarrhea,

xerostomia, and pruritus. 37.5% of the evaluable patients had an
objective tumor response and included patients treated at 1, 3, or
10 mg/kg [Sznol et al., 2010]. Perhaps the most remarkable results of
this initial trial were the duration of response—median progression
free survival had not been yet at the time of data analysis, and some
of the initial responses observed over 3 years ago are ongoing [Sznol
et al., 2010]. The toxicity profile appears to be superior to that of
ipilimumab, although the two drugs have not been compared in a
randomized fashion. Also, of interest, the phase I trial included
patients with renal cell carcinoma and non-small cell lung cancer,
with similar response rates in these two diseases.

In vitro studies have shown that combining PD-1 and CTLA-4
blockade is more effective than either one alone in shifting the
melanoma tumor immune microenvironment from suppressive to
inflammatory and restoring function of immune effector cells
[Curran et al., 2010a]. A phase I clinical trial combining MDX-1106
with ipilimumab is ongoing, as is a trial that includes use of peptide
vaccines in combination with MDX-1106, in patients with stage III
or IV melanoma (www.clinicaltrials.gov).

OTHER APPROACHES TO MANIPULATING IMMUNE
CO-STIMULATION OR INHIBITION

Immune escape by can occur by dysregulation of other immune
modulating molecules such as (D200, LAG3, TIM3, TGF-b, and IDO,
each of which contributes to the induction of anergy and immune
escape in melanoma [Sakuishi et al., 2010]. Antibodies specifically
developed to target such molecules or deplete T regulatory cells
might represent good future strategies to restore the lymphocyte-
mediated tumor inhibition and anti-tumor immunity. Such
strategies can be studied alone or in combination with other
immunotherapies to complement the relieving of the T cell anergy/
exhaustion/tolerance pathways.

Adoptive immunotherapy is another highly promising approach
that is currently under intense investigation. Adoptive immuno-
therapy utilizes autologous tumor-reactive T cells that can be
transferred into the host after elimination of suppresser T-cells to
gain antitumor responses. Since melanoma tumors have the
capacity to elicit production of antitumor lymphocytes, it is
possible to harvest lymphocytes from the melanoma tumors, grow
them ex vivo, and select for cells with specific tumor antigens for
transfer back into the host. The transfer of TILs, for example, has
proven highly effective at mediating tumor responses and treatment
with TILs have resulted in durable objective responses in patients
with advanced melanoma [Rosenberg et al., 2011].

Early studies targeting human tumors with autologous TILs
showed the ability to mediate tumor regression. However, these
early studies produced responses with little to no durability and
response rates were moderate at best [Rosenberg et al., 1988; Park
et al., 2011]. It was not until pre-conditioning regimens were added
to TIL-based treatment to deplete immune suppresser cells that
improved response rates and duration of response were observed.
These lymphocyte depletion regimens include pretreatment with
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chemotherapy and whole body irradiation [Rosenberg and Dudley,
2009]. With these regimens up to 70% of patients had measurable
tumor regression, with 32% of patients demonstrating complete
response, and the majority of responders being durable for over 3
years [Park et al., 2011].

A number of phase I/II trials with variations of TIL therapy have
been completed. Examples include a phase II trial in which TILs were
expanded via anti-CD3 and IL-2 and then administered to patients
following transient lymphodepletion, followed by high-dose IL-2
therapy. Thirteen out of 25 (52%) evaluable patients had either a
partial or complete response. A high percentage of CD8+ T cells and
a lower percentage of CD4+ T cells in the infused TIL was
significantly associated with a higher probability of response.
Interestingly, in some patients clinical response was seen after a
prolonged period of SD [Radvanyi et al., 2010].

Toxicities associated with these regimens are considerable and are
primarily related to the lymphodepletion with high dose chemo-
therapy or radiotherapy. Moreover, high doses of IL-2 are
administered after TIL infusion, resulting in additional toxicity,
and there is a small treatment mortality rate. In addition to the
considerable toxicity, TIL therapy has a number of other limitations.
There is a requirement to surgically isolate a sizeable tumor, which is
not feasible for all patients. Not all tumors have enough melanoma-
specific T cells for culture, and it is not always possible to grow
enough TIL ex-vivo, despite improved methods of stimulation. It
takes a few weeks for TILs to grow, making the use of unselected,
short-term cultured (young) TILs a more rapid and attractive
treatment option for patients with aggressive disease. Recent results
from studies utilizing young TILs in treatment of metastatic
melanoma demonstrate that young TILs can mediate tumor
regression in 42% of metastatic melanoma patients with manage-
able toxicity [Shapira-Frommer et al., 2011]. The advantage of using
young TIL is shortening of the process and elimination of the waiting
period during which many patients succumb to their disease.
Another limitation of adoptive immunotherapy is that it can only be
administered in select institutions that have the appropriate facilities
and resources. Nonetheless, adoptive immunotherapy is associated
with a very high durable response rate in patients who are robust
enough to undergo therapy, possibly the highest of all currently
available therapies for this disease, and is an excellent choice for
patients who meet eligibility criteria.

Attempts are underway to enhance the efficacy of TIL therapy.
One of the primary focuses has been the discovery of new tumor
antigens that possess greater specificity in order to more efficiently
direct adoptive immune response with TILs. One strategy is to
generate CD8+ and CD4+ antigen-specific T-cell clones by
stimulating peripheral T cells with peptides derived from tumor
antigens. In one study, autologous CD4+ T-cell clones with
specificity for the melanoma-associated antigen NY-ESO-1 were
isolated and expanded in vitro and then infused into a patient with
metastatic melanoma inducing a durable clinical remission [Hunder
et al., 2008]. TIL-based therapy is also focusing on genetic
engineering of normal T cells to become tumor-reactive. One way
to accomplish this is by engineering highly active T-cell receptors
(TCRs) specific for tumor antigens, to elicit antitumor activity
[Johnson et al., 2006]. The advantage of this pursuit is the

elimination of the surgical isolation of tumors, since normal T cells
could be engineered to express TCRs and elicit tumor responses.
Another modified TIL therapy currently being developed is the
modified expression of chimeric antigen receptors (CARs) in T cells.
CARS are cellular receptors engineered to be a fusion of a tumor-
antigen-binding domain (derived from a single chain antibody) and
intracellular signaling domains. This fusion protein allows for the
intracellular signaling domains to activate T cells upon binding to
antigens expressed by tumor cells. Though CARs have been shown
to be feasible and safe antitumor reagents, several obstacles still
limit their use. One such limitation is the necessity for the antigen to
be expressed on the cell surface to trigger a response, a limitation not
seen with TCRs which are capable of recognizing intracellular and
extracellular processed peptides [Park et al., 2011]. Likewise, the
rapid half-life of CAR-modified T cells infused into the host produce
only limited antitumor responses [Cartellieri et al., 2010]. Several
recent clinical trials have reported effectiveness of gene-modified T
cells targeting tumor antigens such as GD2, CD20, MART-1, gp100,
CD19, CEA, and NY-ESO-1 in melanoma and other cancers. In these
trials, TCR- or CAR-engineered T cells have shown clinical benefit in
melanoma, colorectal cancer, synovial cell cancer, neuroblastoma,
and lymphoma [Park et al., 2011]. In one clinical study 36 patients
with metastatic melanoma were treated, 20 patients with TCR
recognizing the melanoma antigen MART-1 (human derived) and 16
patients with TCR recognizing the restricted melanoma antigen
gp100 (mouse derived). Objective response rates of 30 and 19% were
seen in patients who received the human or mouse TCR, respectively
[Johnson et al., 2009]. In another study of TCR gene therapy to
target the melanoma-associated antigen NY-ESO-1, patients with NY-
ESO-1 positive tumors were treated with autologous TCR-transduced T
cells plus IL-2. Measurable response rates were observed in four of six
patients with synovial cell sarcoma (66%) and five of 11 patients with
melanoma (45%). Two patients with metastatic melanoma had a
complete response that persisted over a year and one patient with
synovial cell sarcoma had a PR which lasted 18 months [Robbins et al.,
2011]. Clinical trials utilizing CAR-modified T cells in metastatic renal
cell carcinoma, ovarian cancer, and chronic lymphocytic leukemia
(CLL) showed that this approach was only moderately effective,
although persistent CAR-modified T cells in the host was associated
with decreased tumor burden [Kershaw et al., 2006; Lamers et al.,
2006; Brentjens et al., 2011].

With the advent of new immunotherapeutic agents, adoptive
T-cell therapy might be further improved by combining TILs with
these agents. One possibility is combining TILs with anti-PD-1
antibodies. Pre-clinical studies have used microRNA to silence
PD-1expression in TILs; PD-1 expression was downregulated by
50-70% in T-cell lines and peripheral blood lymphocytes [Park
et al., 2010]. The downregulation of PD-1 in TILS may lead to
improved antitumor activity in vitro and in vivo. Blocking
inhibitory immune signals on reactive lymphocytes via pre-
treatment with a CTLA-4 inhibitor to enhance baseline TIL might
represent another strategy. Preclinical studies show that 4-1BB co-
stimulation by an agonistic anti 4-1BB antibody can improve TIL
survival and boost antitumor activity [Hernandez et al., 2009].

Likewise, TIL treatments may be enhanced by modifying host
Iymphodepletion, selectively depleting CD4+ cells or T regulatory
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cells. Also, though trials have been performed with IL-2 treatment
after TIL infusion, administering alternative cytokines such as IL-7,
IL-15, IL-21, IL-12, might be useful to support cell growth. Adoptive
transfer of activated T cells, grown in IL-7 4 IL-15 can be tried [Le
et al., 2009]. Moreover, IL-7 might be superior to IL-2 for expansion
of tumor-specific CD4(+) T cells [Caserta et al., 2010]. Additionally,
one preclinical study showed that IL-15 is superior to IL-2 in
supporting long-term survival and expansion of MART-1+ CD8+
TILs after stimulation [Li et al., 2010].

COMBINATION STRATEGIES —APPROACHES FOR CLINICAL
DEVELOPMENT

Although some of the novel immunotherapy approaches discussed
here have shown benefit, response rates to the two FDA approved
agents (ipilimumab and IL-2) are low and toxicity is not negligible.
Tumor molecular diversity along with the uniqueness of the host
immunological background is responsible for the high degree of
variability in response to treatment. In an effort to improve clinical
benefit and overcome tumor evasive- and immune suppression,
current strategies are focusing on targeting multiple molecules or
pathways to treat this disease. Clinical studies are combining
conventional antimelanoma treatments (chemotherapy) or molecu-
lar targeted therapies with immunotherapies. These approaches
might demonstrate synergy in antitumor activity. One such example
is the combination of dacarbazine and ipilimumab compared to
dacarbazine alone, described above, which has been tested in a
phase III trial and demonstrated superior OS in the combination arm
[Robert et al., 2011]. We do not know, however, if ipilimumab plus
dacarbazine is superior to ipilimumab alone; this trial has yet to be
conducted. Small molecule inhibitors targeted to ‘“addictive
oncogenes” in the melanocyte might also synergize with immune
therapies. For example, approximately 50% of metastatic melano-
mas harbor activating mutations in B-RAF. PLX4032 (RG7204/
RO5185426/Vemurafenib, Genentech), an inhibitor of mutated B-
RAF, was recently approved by the FDA for treatment of metastatic
melanoma. Given the total lack of target overlap between
vemurafenib and ipilimumab, combining these therapies is unlikely
to add toxicity, but highly likely to increase efficacy, and a trial
combining these therapies is being planned. Other MAPK pathway
inhibitors for melanoma, such as GSK2118436 (Dabrafenib,
GlaxoSmithKline), a selective inhibitor of mutant B-RAF, and
GSK1120212 (JTP-74057/Trametinib, GlaxoSmithKline), a MEK
inhibitor, can also be studied in combination with ipilimumab and
anti-PD-1 antibodies [Flaherty et al., 2010; Infante et al., 2010;
Kefford et al., 2010; Chapman et al., 2011]. Combining different
immunotherapeutic regimens might also increase effectiveness and
clinical benefit. One possibility would be combining antibodies
blocking co-inhibitory receptors (such as CTLA-4) with antibodies
activating co-stimulatory receptors (4-1BB). This combination
therapy approach showed some level of synergy in tumor rejection
in preclinical models [Curran et al., 2010b]. Combining cytokines
with monoclonal antibodies or combining monoclonal antibodies
that have already shown promise in clinical settings, such as anti-
PD-1 and anti-CTLA-4, are also being studied. A phase II clinical
trial comparing ipilimumab 10mg/kg plus the DC stimulator
Sargramostim (GM-CSF) to ipilimumab alone in advance melanoma

has just completed accrual (www.clinicaltrials.gov). This trial was
based on pre-clinical data showing synergism between these agents
in mouse models [van Elsas et al., 1999].

Another possible combination strategy is high-dose IL-2 with
other agents. A combination trial of high-dose IL-2 with
Sargramostim (GM-CSF) administered for 7 days prior to initiation
of IL-2 and continued for 4 weeks showed response rates similar to
those seen with IL-2 alone. However, toxicity was comparable to
that of high-dose IL-2 treatment alone, and this treatment regimen
triggered increases in DC, IL-2R, and Treg in most of the patients
tested, even though this did not result in an improvement in the
response rates [Lutzky et al., 2010].

Combining vaccines with IL-2 is also a reasonable strategy as
peptides, in spite of having limited activity by themselves, could
potentially prime the immune system and augment the IL-2 effects.
IL-2 can serve as an immune adjuvant to enhance the specific T-cell
response and antitumor activity induced by the vaccine. Route and
timing of administration of IL-2 and/or the vaccine might be critical.
A phase multicenter phase III clinical study for patients who are
HLA-A201 positive, showed that peptide (gp100:209-217[210M])
vaccination increases the response rates when compared to high dose
IL-2 alone (16% vs. 6%, P=0.03), and prolongs the progression-free
survival (2.2 months vs. 1.6 months, P = 0.008). The median OS was
also longer in the vaccine-IL-2 group than in the IL-2-only group,
but the study was not powered to demonstrate an OS benefit (17.8
months vs. 11.1 months, P=0.06) [Schwartzentruber et al., 2011].

CHALLENGES AND FUTURE DIRECTIONS

Although in the last decade we have seen dramatic advances in
immunotherapy for the treatment of melanoma, several challenges
still lie ahead. Predictive biomarker studies for immunotherapies are
lacking, and improved efficacy by using combination therapies,
perhaps at lower doses, might improve the therapeutic ratios for
immune-based regimens. Improved understanding of the interac-
tion between the tumor and the host immune system will result in
advances in clinical care. The host system contains a multitude of
variables, some of which may be effected by previous treatment
regimens, resulting in increased complexity in selecting immu-
notherapies for melanoma patients. For example, although the half-
life of ipilimumab is limited, CTLA-4 blockade after ipilimumab
therapy can be ongoing for years, leading to difficulties in
interpreting responses to subsequent therapies. An additional
variable to take into consideration is genetic variability of the
tumor within a given patient and emergence of subclones that might
have different drug sensitivity/resistance patterns and elicit variable
immune responses.

One major roadblock in the development of effective immuno-
therapy is the expense and complexity of immune monitoring. Since
animal models are typically used for pre-clinical testing of drugs
and drug combinations, when studying immune therapies, these
studies have to be conducted in immune-competent animals. We
currently have a limited number of spontaneous melanoma murine
models that can be used for these purposes [Dankort et al., 2009].
While these models are helpful, they remain limited due to
differences between mice and humans in terms of drug pharmaco-
kinetic properties, genetics, etc. An additional challenge for the
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development of immunotherapy is the increasing treatment options
currently available. A number of different therapeutic options for
treatment exist, albeit many of them substandard with limited
efficacy, yet this does limit clinical trial accrual and referrals to
academic centers. Although these challenges to development of
improved immunotherapies need to be addressed, progress in the
past decade has been dramatic, and treatment regimens are likely to
be refined as biotechnology evolves and understanding of the
immune responses improves. Thus, future clinical treatment for
melanoma will clearly include immunotherapies as part of targeted
patient- and disease-specific care.
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