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Malignant melanoma, well known as the deadliest
type of skin cancer, registered an exponential increase in
incidence in the last decade [1]. According to ESMO Clinical Practice Guidelines, Europe reports a variation from
3 to 5 new cases of cutaneous melanoma/100 000/year in
Mediterranean countries and 12 to 25/100 000/year in
northern Europe [2]. Despite the numerous therapeutic
strategies, malignant melanoma remains the most aggressive type of cancer due to its unpredictable evolution [3].
Late-stages melanomas have a rapid capacity of development and metastasis, frequently gaining therapeutic resistance and develop recurrence, with a median survival
rate less than 12 months. For this reason, prevention and
early diagnosis of melanoma have been highly promoted
in the last years.
The mechanisms involved in melanomagenesis and
the sequence of the events leading to aggressive forms of
melanoma are now being discovered. A state of “chronic
inflammation” governs the tumor microenvironment, responsible for many mechanisms such as resistance to apoptosis, adaptive responses, proliferation and angiogenesis. However, these intriguing pathways that start up with
the modulation of the immune system within the tumor
and continue with the proliferation and metastasis to distant sites of the body are not yet elucidated.
Tumor promoting inflammation along with avoidance of immune destruction, enables replicative immortality, escape from growth suppressors, sustained prolifer-
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ative signaling, deregulated cellular energetics, resistance
to cell death, genome instability and mutation, angiogenesis invasion and metastasis, the so called, “hallmarks of
cancer” [4].
Moreover, most of the commonly used cancer therapies like chemotherapy, ionizing radiation and major surgery are immunosuppressive. The ideal cancer therapy
should not only destroy the primary tumor, but at the
same time trigger the immune system to recognize, track
down and destroy any remaining tumor cells that are at
or near the site of the primary tumor or distant micro
metastases. Melanoma is one of the most immunogenic
tumor types mainly because many lymphocytes responsible with the development of this type of cancer are an
important component of tumor milieu [5]. In addition,
the metastatic disease seems to respond to immune stimulatory agents [6]. Melanoma immunotherapy has gained
popularity in oncology by starting with the theory that the
body’s own weapons, the immune cells, can be activated
to fight against cancer. This includes many strategies such
as therapeutic cancer vaccines, cytokine administration
and immune cell–based therapies. In addition, there is an
increased interest in understanding T-cells and NK-cells
regulatory pathways that conducted to the study of a novel
class of immune checkpoint inhibitors.
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These immunotherapeutic weapons against melanoma include interferon alpha-2 beta (IFN α-2β), interleukin-2 and the newest developed blocking antibodies
anti-cytotoxic Tlymphocyte associated antigen-4 (CTLA4) and programmed cell death protein 1 (PD-1)/programmed cell death ligand 1 (PD-L1).
A strong parallel between the cancer and pregnancy
has been proposed over the recent years. As a single malignant cell could proliferate and then metastasize undetected within a host similarly a semiallogenic fetus escapes from the maternal immune system. In addition, a
resemblance between the immune cells from the tumor
microenvironment that keep the cancer cells untouched
by the host’s attack mechanisms and the feto-maternal interface that is constituted by the placenta that induces a
plethora of immunoregulatory properties. Regulatory T
cells (Treg’s) play an important role in the orchestration
of these regulatory mechanisms both in cancer and pregnancy [7]. A decrease of this specific lymphocyte population is associated with eclampsia and abortion. Expanding
this notion, in oncology studies the suppression of Treg’s
raised the antitumor immune system and improving the
prognosis of the patients. Understanding the T regulatory
cells mechanisms lead to the development of the immune
check-point inhibitors that are a promising ally in the fight
against cancer, particularly the case of melanoma. Thus,
these recent advances in immunotherapy (CTLA-4 and
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PD1/PDL-1 inhibitors) altered the dramatic outlook of
the patients with advanced melanoma that previously had
few therapeutic options. Still, these drugs remain under
intense investigation due to their important side effects.
Although there are not the subjects of our debate
in this chapter, a brief mention of the kinase inhibitors
should be mentioned, as they stand as the corner stone
of melanoma therapy. Progressive multiple genetic alterations seem to be responsible for the transformation of
benign melanocytic naevi to melanoma lesions. A major
discovery in the management of melanoma was the oncogenic mutation in the serine threonine kinase BRAF [8].
Studies showed that position V600E BRAF mutations are
harbored by more than a half of all cutaneous melanoma
patients, which involves the RAS-RAF-MEK-ERK pathway activation. This is important for cell survival, proliferation and resistance to apoptosis [9-10]. Knowing this,
a plethora of kinase inhibitors were developed as new
therapeutic strategies against malignant melanoma [11].
For the treatment of systemic metastatic melanoma (stage
IV) were synthesized selective BRAF inhibitors, such as
Vemurafenib, Dabrafenib, Encorafenib, which can be administered alone or combined with MEK inhibitors, Binimetinib, Trametinib, Cobimetinib (Figure 1 and Figure 2)
[2].

6

www.avidscience.com

Randomized studies showed that BRAF inhibition
improve progression-free and overall survival in metastatic malignant melanoma, compared to the gold-standard
chemotherapeutic drug Dacarbazine [12]. The association
of BRAF and MEK inhibitors demonstrated to be more
powerful compared to the BRAF inhibition alone [13,14].

Figure 1: Discovery of the immune therapies and BRAF/
MEK pathway inhibitors, corner stoners in the treatment
of advanced melanoma.
Even though BRAF/MEK inhibitor doublet improved
the rate of progression-free survival, delayed the developwww.avidscience.com
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ment of resistance and registered reduced toxic side effects in patients with BRAF mutations, the long-term responsiveness is still limited by the adaptive drug resistance
[15]. Therefore, other personalized combination strategies
try to improve the response durability.
For instance, the combination of Nivolumab and Ipilimumab showed rapid and deep responses in 80% of advanced melanoma patients, after 12 weeks treatment [16].
Moreover, it seems that BRAF inhibitors induce higher
objective response rate than those treated with chemotherapy [17]. Another recent study showed that NK-cell
based immunotherapy (low dose of IL-2) combined with
a BRAF inhibitor, Vemurafenib can promote durable responses [18]. Moreover, a new clinical trial that is currently under investigation assesses the efficacy of the combination Vemurafenib and IFN alpha-2b (Clinical Trials.gov
identifier NCT01943422). ESMO Clinical Practice Guidelines consider kinase inhibitors and immunotherapy the
backbone of cutaneous melanoma systemic therapy [2].
This chapter reviews the current strategies of immunotherapy for melanoma, highlighting the new advances
in this domain.

Tumor Immune Survey Awakening
Melanoma is a highly immunogenic tumor [19].
Melanoma cells express tumor-specific antigens, which
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can be presented to CD8+ lymphocytic T cells along with
major histocompability complexes class I (MHC-1) and
to CD4+ T lymphocytes with MHC class II on the macrophages or other antigen-presenting cells (APC). Several
antigens were identified in both normal melanocytes and
melanoma cells, like: MelanA/MART-I, MAGE-1, gp100,
tyrosinase, and tyrosinase-related proteins [20]. Morphopatology examination of melanoma spontaneous regression areas, showed infiltrates with T lymphocytes and
melanophages [21,22].

Interferon and IL-2
Firstly observed by Isaacs and Lindenmann, afterwards approved by the U.S. Food and Drug Administration (FDA)in 1995, Interferon alfa-2 beta(IFNα-2β) is the
first immunotherapeutic agent which showed significant
results as monotherapy in patients with melanoma at
hight risk of recurrence [23,24]. IFNα-2β is well known
for its indirect immunoregulatory effects, antiangiogenic,
antiproliferative, proapoptotic and differentiation-stimulation [25].
Different trials evaluated whether low dose, intermediate dose or high dose of IFNα-2β has a greater beneficial
impact. An optimal treatment scheme regarding dosage,
frequency, duration, administration route and management of side effects is still missing, fact that raised many
issues and limited the clinical use [24].
www.avidscience.com

9

Recent Advances in Skin Cancer

Recent Advances in Skin Cancer

Significant data provided by 2 meta-analyses conducted by Wheatley et al. (13 randomized trials involved) and
Mocellin et al. (14 randomized trials involved) showed
an absolute statistically impact on both overall-survival
and disease-free survival, regardless of dose and length of
treatment [26,27].
Paolo A. et al. explain the uncertainty regarding the
IFNα-2β dose and duration of therapy as a consequence
of differences in responsiveness in patients from distinct
populations to immunotherapy [24]. Even though metaanalyses do not support the theory that only high-dose
IFN might bring the best OS benefit, ESMO Clinical Practice Guidelines recommend high-doses of IFNα-2β for
high-risk surgically resected melanoma [28].
According to disease stage, the Italian expert panel make the following recommendations: stage IIA - no
treatment, stage IIB – low doses IFN(for 18-24 months),
stage IIC – low/high doses IFN, stage IIIA-IIIB - low/high
dose IFN or Peg IFNα-2β, stage IIIC – high dose IFN [24].
However, DeCOG study showed that low-doses of IFN
administered for 24 months induced an important benefit
on both disease-free and overall survival, especially when
sentinel lymph node biopsy was positive for metastases
[29]. Moreover, the same German Group proved that prolonged low-dose IFN administration (60 months) to patients with Breslow index≥1.5 mm does not improve the
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overall survival or disease-free survival, compared with
standard treatment duration (18 months) [30].
Despite intense research, the precise mechanism of
action of IFNα-2β and the dose-dependent-differential
effect could not be established. However, main evidence
suggests that high-dose IFNα-2β acts as an indirect immunomodulator via tumor cells infiltration, increase in
STAT1/STAT3 ratio in tumor cells, development of autoantibodies, circulating Treg cells reduction and changes
in cytokines serum levels, all these being responsible for
increased anti-tumor response [31-34].
Serum cytokines, growth and angiogenic factors levels
were observed comparatively in healthy individuals and
in patients treated with high-dose IFNα-2β included in
the ECOG1694 trial [35,36].Surprisingly, high-dose IFN
treated patients with RFS over 5 years showed higher pretreatment cytokines levels(TNF-α, IL-1, IL-6) than in patients with early recurrence. Treated patients and healthy
individuals had an increased serum level of: IFNα, IP-10,
TNFR-I, TNFR-II, MCP-1, IL-2R and a decreased level of
VEGF, EGF, HGF. Therefore, initial serum levels of some
cytokines might be a useful predictor of high-dose IFN
treatment responsiveness.
Pegylated IFNα-2β (Peg IFNα-2β) appeared in 2011
as an enhanced form of IFNα-2β. Being able to maintain a
prolonged plasma concentration (decreased clearance and
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increased half-life) than IFNα-2β, Peg IFNα-2β allows
one administration/week with greater efficacy. Treatment
with Peg IFNα-2β showed a significant improvement in
recurrence-free survival, but unfortunately no improvement in overall survival. In 2013, the EADO randomized
study compared lower doses of Peg- IFNα-2β (36 months)
with lower doses of IFNα-2β(18 months), showing no significant difference in overall survival and disease free survival [37]. Besides, these data suggests that even though
Peg IFNα-2β is efficacious as an adjuvant treatment of
melanoma, its superiority over IFNα-2β has not been
demonstrated. Moreover, it is difficult to sustain a treatment with Peg IFNα-2β for several years due to its adverse
effects (headache, depression, fatigue, pyrexia, hepatotoxicity and myalgia), the median administration duration
being 19.2 months [38]. Clinically benefit was obtained
when patients with macrometastatic melanoma received
intravenous high-doses IFNα-2β, while those with ulceration of primary lesion and micrometastases responded to
lower-doses IFNα-2β or Peg IFNα-2β. This means that
IFN treatment efficacy differs depending on whether micro or macroscopic disease is involved. EORTC 18952 and
EORTC 18991 studies proved that melanoma stage, tumor
burden and ulceration of primary melanoma represent
predictive factors, being correlated with IFN response in
melanoma patients [39].

12

www.avidscience.com

Adjuvant therapy with cytokines like IL-2 was intense
studied since 1985 for late-stages melanoma. Even though
high doses of IL-2 induce cytolysis at the tumor site via T
cells and NK cells, with a greater potential than IFNα-2β,
its severe acute toxicity limit the systemic IL-2 administration (arrhythmias, hypotension, hepatotoxicity, severe
weight gain, anaemia, leucocytopaenia and thrombocytopenia, vascular leak syndrome) [40]. Therefore, patients
must have a relatively normal pulmonary, heart and kidney status previous to IL-2 administration.
Intralesional IL-2 regimens produced an increased
local beneficial effect with reduced systemic side effects
when used for patients with cutaneous melanoma metastases [41,42]. Latest ESMO guidelines recommend that
adjuvant therapy with IL-2 should not be used outside
controlled clinical trials [28]. Recent studies wanted to
explore which is the maximally beneficial dose with the
most reduced side effects. Thus, it seems that the higherdose and more frequently administerd, the most durable
and beneficial responses associated with higher-grade
toxicity. Currently, new combinations of high dose IL-2
with anti-CTLA4 antibody, as well as IFNα-2β therapy are
being investigated as a curable treatment regimen for late
stages melanoma [43]. Unfortunately, this combined strategy did not bring so far a real therapeutic improvement
[44,45].

www.avidscience.com
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Photodynamic Therapy
Photodynamic therapy (PDT) has been approved in
many countries for the treatment of lung, esophageal,
bladder, skin head and neck cancers. It is a minimally invasive two-stage procedure that requires prior administration of a photosensitizing agent (PS) followed by light
activation. This leads to subsequent biochemical events
that cause a combination of direct tumor cell photodamage, destruction of tumor vasculature and activation of an
immune response [46,47].
PDT produces an acute inflammatory response that
is considered important for the activation of antitumor
immunity [46]. The acute inflammation induced by PDT
characterized by leucocytes infiltration, predominantly
neutrophils into the tumor is likely to be caused by the
enhanced expression of two transcription factors, nuclear factor kappa B (NFκB) and activator protein 1 (AP1)
[48]. Serum increase of cytokines and chemokines, such
as: IL6, macrophage inflammatory protein 1 (MIP1) and
MIP2 were reported in mice following PDT directed to
a subcutaneous tumor or even to normal skin. Increased
levels of IL1β, IL6, IL8 and IL10 were detected in patients
after surgery and intra-operative thorax PDT for mesothelioma using Foscan 0.1 mg/kg, 6 days before surgery
and 10 J/cm2 (652 nm) [49].
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PDT also induces the expression of stress proteins
like: heat shock proteins HSP70 [50], HSP47 [48], HSP60
[51] and stress-inducible proteins: glucose-regulated protein 78 (GRP78) [52], GRP94 [53] and heme oxygenase
[54].
In fact, PDT induced in the treated area of the tumor
the generation of “danger” signals, so called damage-associated molecular patterns (DAMPs), which are intracellular molecules released as “warning signals” from dying
and/or damaged cells [55]. It seems that DAMPs are key
mediators that inform the immune system about releasing
of “self-altered antigens” and trigger a specific immunological response. DAMPs are released from killed tumor
cells via necrosis or apoptosis and activate immune cells
like macrophages, certain T cells, NK cells, and dendritic
cells (DCs) [56]. In PDT, the best known DAMPs include
heat-shock protein (HSP) family (HSP70 and HSP90), high
mobility group box-1 (HMGB-1), adenosine triphosphate
(ATP), and calreticulin (CRT). The release of HSP-bound
tumor antigens from necrotic tumor cells further activates
phagocytosis and presentation by antigen presenting cells
(APC) and increases the antigen cross-presentation to efficiently stimulate the formation of tumor-specific cytotoxic T lymphocytes. Thus, pro-inflammatory effects of
PDT might increase dendritic-cell migration, antigen uptake and maturation (Figure 2) [46].
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It is generally accepted that only necrotic cells are
immunogenic [57] while the apoptosis is not able to trigger an immune response except for certain cancer therapies which can induce so called “immunogenic apoptosis” [58]. Korbelik et al described for the first time that
squamous cell carcinoma cells, treated by photofrin-PDT,
exposed on the surface heat shock proteins (HSPs) and
glucose-regulated protein 94 (GRP94) [59]. In the same
cancer cells but on an in vivo model, they found other different proteins from DAMPs group exposed on the cells
surface. This suggested that in PDT, DAMPs exposed and/
or released are correlated with the type of photosensitizer
(PS) and its sub-cellular localization. Hypericin targets the
endoplasmatic reticulum and consequently exposes calreticulin (CRT) at the cell surface while Photofrin, whose
localization is associated with lipid membranes, exposes
HSP70 [60]. Moreover, the oxidative stress generated at
specific subcellular sites, through the light activation of
organelle-associated PS, is involved in DAMPs induction
[61].
HSP70 forms stable complexes with different tumor
antigens which, after binding to Toll-like receptors 2 and
4, on the surface of dendritic cells induce transition to the
their mature state. Dendritic cells express peptide-MHC
complexes on their surface and after recognition by CD4+
T helper cells and CD8+ cytotoxic T lymphocytes, they
are able to initiate an adaptive immune response. In ad-
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dition, HSP70 stimulates the activation of NK cells [62].
The growth inhibition of murine EMT6 tumors after
Photofrin-PDT was dependent on the presence of CD8+
T cells. CD8+ and CD4+ T cells from mice that survived
cancer were transferred three months after vascular targeted PDT with bacteriochlorophyll derivative WST11.
The receiving mice were protected from subsequent challenge with viable cancer cells.
Besides T lymphocytes, B cells produce antigen-specific immunoglobulins and are responsible for the humoral immune response in PDT [63]. Although there are
ample evidences regarding the involvement of humoral
immunity in PDT, the role of the humoral components in
tumor destruction is not fully cleared and needs further
investigations. PDT may also interfere with immune-suppressive T cells especially CD4+CD25+FoxP3+ T regulatory cells (Treg) [64].
Several studies reported enhanced immune-stimulatory effects after PDT combined with other immune
therapies like local tumor administration of dendritic
cells, microbial adjuvants and/ or systemic IFN α-2β.
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cytokines and chemokines, such as: IL1β, IL6, IL8, IL10,
macrophage inflammatory protein 1 (MIP1) and MIP2
with roles in the activation of the immune response. Dendritic cells increase the antigen uptake, presentation and
chemokine secretion, which in turn triggers a T cytotoxic
and B antibody secretion response to the tumor antigens.

Figure 2: Photodynamic therapy effects on local
immunity response.
Photosensitiser (PS) activation by light of the correct
wavelength creates oxygen free radicals (ROS) responsible for the killing of the tumor cell by apoptosis and/or
necrosis. PDT damaged cells, mainly necrotic cells lead to
the exposure on the cell surface of the damage-associated
molecular patterns (DAMPs), proteins from the group
of heat shock proteins (HSP), high mobility group box-1
(HMGB-1), adenosine triphosphate (ATP), and calreticulin (CRT). These proteins function as chemotactic signals
for neutrophyls and macrophages that infiltrate the tumor,
maturate and stimulates phagocytosis, processes mediated by activation of the transcription factors NFkB (nuclear transcription factor kB) and AP1 (activator protein
1). PDT is also followed by local and serum increase of
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PDT was reported to induce cures and long-lasting
tumor-specific immunity (memory), as shown by the rejection of tumors on rechallenge in several mouse and rat
models. PDT and intra-tumor injection of naïve dendritic
cells (DC) significantly eradicated CT26 colorectal carcinoma cells and B16 melanoma in BALB/c or C57BL6 mice
or prolonged the survival of the animals. Moreover, PDT
plus naïve DC administered at a tumor site led to distant
tumors regression, including multiple lung metastases.
However, PDT or intra-tumor administration of naïve
DC as a single treatment was ineffective [65]. PDT affects
monocyte/macrophage and lymphocyte cell lineages.
Lymphocytes are also killed by PDT, as shown in a
report using DBA/2 mouse thymocytes treated with verteporfin PDT, and activated human T lymphocytes are especially susceptibl [66]. T-regulatory cells might be specifically inactivated by IL6 [67].
Association of PDT with intralesional γ -inulin (0.1
mg/mouse), activated the complement similarly to zymosan and delayed the recurrence of B16-BL6 melanomas in mice. This effect was further enhanced by IFN prewww.avidscience.com

19

Recent Advances in Skin Cancer

Recent Advances in Skin Cancer

treatment [68]. IFN α-2β might enhance the expression
of MHC on APC, which makes tumor antigen presentation to lymphocytic cells more efficient. Patients treated
with IFN showed an increased lymphocytic infiltration of
the melanoma lesions [69]. PDT or γ –inulin administration increased the C3 level in the tumor. C3 protein was
further increased when a combination therapy was used.
Thus, at 3 days after the treatment with PDT plus γ-inulin,
more than half of the cells found at the tumor site were
cytotoxic T lymphocytes engaged in killing specific targets
via the perforin–granzyme pathway [67].
Cancer vaccines preparation using PDT treated cell
cultures in vitro were attempted. The PDT treated cell
lysates administered to tumor bearing mice, induced phenotypic DC maturation and IL12 expression, and produced tumor regression, growth retardation and even
some cures [70].
The vaccine cells retrieved at 1 hour from the treatment site were mixed with DC, expressed on their surface
HSP70 and were opsonized by complement C3 [71].
PDT was shown to suppress contact hypersensitivity
reaction in mice but not delayed type hypersensitivity, involved in anti-tumor immunity [46,71].
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Immune Check-Point Inhibitors
Tumor cells display many similarities in their progression of conquering the host. In 2000 Hannahan and Weinberg have reunited these common traits, also known as
the “hallmarks of cancer”, as following: 1) Self-sufficiency
in growth signals, 2) Insensitivity to anti-growth signals,
3) Evading apoptosis, 4) Limitless replicative potential, 5)
Sustained angiogenesis, 6) Tissue invasion and metastasis
[72]. Later they added other four properties: deregulated
metabolism, unstable DNA, inflammation and immune
system escape [4].
Cancer development implies the presence of many
immune suppressive and immune evasion mechanisms.
The concept of immunotherapy developed in oncology in
order to target the cancer cells with the host’s own immune
cells. A debated subject in the immunology of cancer is
the T regulatory lymphocytes (Treg’s). Treg’s are infiltrated along with other immune cells in the tumor microenvironment and induce host immunity suppression through
numerous pathologic mechanisms [73]. Understanding
the Treg’s biology led to the development of the cornerstone of immunotherapy: the check-point inhibitors. Tumor cells use CTL antigen-4 (CTLA-4) and programmed
death-1 (PD-1) inhibitory pathways in order to decrease
the host’s immune cells activity. An in vivo study on mice
bearing B16 melanoma revealed that regulatory T tumor
lymphocytes expressed PD-1, CTLA-4 or both markers
www.avidscience.com
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[74]. Therefore, blocking of PD-1 and CTLA-4 can modulate Treg functions, leading to antitumor responses and
tumor rejection (Figure 3).

Figure 3: Therapeutic targets in melanoma. Tumor
cells that have a BRAF mutation display a defective BRAFERK pathway activation that switch the normal regulation
of cell proliferation/differentiation to apoptosis resistance
and increased survival; the action sites for BRAF and MEK
inhibitors are presented. Immunotherapy in melanoma is
based on promoting the T cell mediated antitumor immunity (right panel) by the use of IFNα-2β and IL-2 and
Ipilimumab (antibody against CTLA-4 surface receptor)
and suppression of the tumor inhibition of host immunity response, mediated by Treg’s, consisting of antibodies
against PD-1/PD-L1 (left panel).
Following these assumptions, an important phase III
randomized clinical trial compared Ipilimumab with gly22
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coprotein 100 vaccine (gp100) and reported a new outbreak in oncology [75]. Among the 676 patients enrolled
in the clinical trial, 403 received Ipilimumab associated
with gp100, 137 received Ipilimumab alone, and the last
group of 136 patients received only gp100. Ipilimumab
increased the median overall survival with 10.0 months,
whether administered alone or in combination, compared with 6.4 months in the peptide alone arm (hazard
ratio, 0.68; P < 0.003). The drug Ipilimumab also demonstrated its effectiveness in another clinical trial compared
with Dacarbazine, with a total duration of the therapeutic outcome of 19.3 months for the Ipilimumab arm versus 8.1 months for Dacarbazine [76]. Thus, in the early
2011, FDA authorized the use of Ipilimumab (dose of 3
mg/kg IV every 3 weeks for 4 cycles of treatment, without
maintenance). A second CTLA-4–blocking agent, Tremelimumab, did not demonstrate an improvement in overall
survival compared with standard chemotherapy [77].
The programmed death 1 (PD-1) receptor, expressed
on antigen-stimulated T cells is a negative regulator of
the T lymphocytes, silencing their antitumor actions.
PD-1 bounds to its ligands: programmed cell deathligand 1(PD-L1) and PD-L2 (also known as B7-H1 and
B7-DC) and leads to defective effector T-cells: inhibition
of cytotoxicity, cytokine production and proliferation.
Physiologically, this receptor maintains the peripheral immune tolerance and limits excessive tissue damage during
www.avidscience.com
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acute inflammation. In the context of chronic inflammation and cancer, an elevated PD-1 level was found responsible for a state of T-cell “exhaustion”, and therefore
a decreased immune response. In 2012, the anti–PD-1
antibody Pembrolizumab was tested in phase I trials in
patients with advanced melanoma, including those with
disease progression while they had been receiving Ipilimumab. Surprisingly, eighty-seven percent of patients had
durable responses ranging from more than 2.6 months to
more than10 months. Following Pembrolizumab administration a high rate of tumor regression was registered.
Therefore, FDA approved Pembrolizumab as second- or
third-line therapy in patients with prior Ipilimumab treatment and BRAF V600 mutant with prior BRAF-directed
therapy. Another targeted PD-1 antibody tested in clinical
trials is Nivolumab [78]. Nivolumab demonstrated an improved activity in patients with the wild type BRAF melanoma [79]. Other anti PDL-1 antibodies (BMS-936559
and MPDL-3280A) proved an important therapeutic response in early clinical trials [80,81].
Because these targeted immune check-point inhibitors revealed great success in clinical trials, oncologists
thought of the association with other therapies to increase
the efficacy. A plethora of trials then emerged: the association of PDL-1 antibodies with radiotherapy, BRAF/MEK
inhibitors or immune modulatory agents. Also, a concomitant administration of anti-CTLA-4 and anti- PD-1
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antibodies revealed a greater response compared with
their administration alone, although with higher adverse
effects.
Radiotherapy induced in some cases an abscopal effect, a phenomenon where not only the primary tumor
was shrinking after the localized treatment, but also the
distant metastases. This phenomenon was described in a
series of case reports when palliative radiotherapy was associated after the administration of Ipilimumab due to the
disease regression [82]. An efficient antitumor response
was reported. The combination of checkpoint blockade and BRAF inhibitors was previewed as a great success, as each therapy is a cornerstone in the management
of metastatic melanoma. However, initial trials revealed
dose-limiting hepatic toxicities and needed to be stopped
[83]. A decrease of toxicity and an increased response was
observed when Ipilimumab was associated with the granulocyte-macrophage colony-stimulating factor vaccine
(GM-CSF), Sargramostim.
The combination of the anti-CTLA4 antibody and the
vaccine revealed an improved overall survival compared
with Ipilimumab alone (median OS 17.5 vs. 12.7 months,
1-year OS, 68.9% vs. 52.9%, p = 0.01 for both comparisons) as well as lower toxicity in the combination cohort
(grade 3–5 adverse events in 44.9% vs. 58.3%, p = 0.04)
[84].

www.avidscience.com
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Although the check-point inhibitors have been a
revolution in oncology in the past years, clinicians must
have an important background in understanding the biology of these antibodies and their adverse reactions. With
close patient monitoring the adverse effects are usually
reversible. These include: skin-related adverse events like
rash and pruritus, liver and gastrointestinal effects, endocrinopathies and general symptoms like nausea, fever, and
fatigue [85-87].
The most important combination regimen was concomitent CTLA-4 and PD-1 blockade that showed a high
potential for rapid and good responses, although with increased toxicity. In a phase I study, patients were treated
concurrently with Ipilimumab and Nivolumab and an objective response rate of 40% was seen across all cohorts.
The maximum administered doses were 3 mg/kg of Ipilimumab and 1 mg/kg of Nivolumab [88]. Although an
important therapeutic response was observed, the mechanisms of immune check-point inhibitors remain to be
discovered. It is the beginning of a new era in oncology,
of individual therapy, where our own forces (the immune
cells) can fight the cancerous cells.

Conclusions
Melanoma treatment seems to be an enormous chest,
filled with boxes containing anti-cancer strategies, in
which one can discover smaller boxes with specific tar26

www.avidscience.com

geted anti-cancer molecules and other anti-neoplastic
agents. As no one knows which box might reveal the most
effective cure for melanoma, scientists gradually open
new ones and discover new key-molecules, going closer
and closer to the answer. Thus, the near future might be
brighter than we expected for the patients suffering from
melanoma.
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