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Abstract:
Melanoma cancer is an important public health concern owing to its prevalence, high recurrence risk,
treatment failures and immunosuppressive abilities. Prolonged immune system activation is the main
objective of immune checkpoint inhibitors (ICIs) therapies directed against melanoma cancer. Despite
the staggering advancements in approved ICIs therapy effectiveness, immune-related adverse events
(imAEs) and therapeutic resistance has limited its wide application. Thus, there is a need to establish
biomarkers that predict the response to ICIs and imAEs. In this review article, we provide an in-depth
understanding of the role of tolerance, immunity, and immunosuppression in antitumor immune
response regulation, together with ongoing clinical therapy and suggested biomarkers. These
attainments advise that approved ICIs provide a novel approach to durable and prolonged response in
cancer patients and will aid in the reduction of treatment cost and duration and enhance patient recovery.

Keywords: Malignant melanoma; Immune checkpoint inhibitors; T-cell dysfunction; CTLA-4; PD1/PD-L1; biomarkers.
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1. Introduction
Malignant melanoma is one of the most aggressive and highly resistant melanocyte
malignancies that can occur throughout the body. It arises from cutaneous, mucosal, and uveal
melanocytes. Amongst these, the most prevalent is the cutaneous form. It has been reported to cause
the majority of skin cancer-related deaths with a global incidence of 15–25 people among 100,000 of
the population [1]. The number of melanoma incidence is on the rise with approximately 91,270 new
cases of melanoma and 9,320 mortalities from melanoma reported, globally. These epidemiological
figures are based on the latest melanoma report by the National Cancer Institute: Surveillance,
Epidemiology, and End Results Program (NIH SEER) database [2]. There are multiple factors which
support malignant melanoma promotion, that are affected by positive genetic backgrounds and other
factors such as sunburn susceptibility (fair skin, lighter eyes, and hair color), increased exposure to
ultraviolet radiation, and arsenic [3,4].
For a long time, removal surgery has been the approved standard treatment choice for the
patients diagnosed with early stage primary skin melanoma. Later, chemotherapy was introduced for
the treatment of melanoma. To date, Dacarbazine is the only approved chemotherapeutic drug for the
treatment of melanoma by the United States Food and Drug Administration (FDA). However, the
overall response rate in phase I and II randomized clinical trial was very low, i.e., 10-20 percent with
no definite overall survival (OS) [5]. Unfortunately, the development of resistance through complex
mechanisms has hampered the effectiveness of commonly used anticancer therapies in melanoma
treatment [6–8]. The specific mechanisms by which resistance in melanoma cancer develops and
confers therapeutic resistance needs to be elucidated. Numerous situations lead to drug tolerance and
further contribute to resistance. These include upregulation of drug transporters, impaired apoptosis
machinery, enhanced therapeutic target expression, activation of alternative survival pathways, high
molecular heterogeneity, and overactive pro-survival signaling pathways [9]. Unfortunately, the
majority of investigations have recommended that the outcome of these mechanisms lead to the
development of abilities that allow cancer cells to survive under extremely unfavorable micro
environmental conditions and are capable of overwhelming the deficiency of nutrients and metabolic
products. Additionally, such cells can deceive the immune response of the host, withstand hypoxia,
induce apoptosis, and eventually establish a remarkable tendency for metastatic spread in melanoma
patients [10,11]. For metastatic melanoma, several steps along the immune system fail due to the
upregulation of immune checkpoints or their ligands on T-cells by suppressing innate immune sensing.
Failure of immunological control has been established as one of the emerging characteristic
features of melanoma cancer [12]. Beginning in 2011, a prolonged and frustrating drought of melanoma
treatment therapy ended with the first FDA approval of the immune checkpoint inhibitor (ICI),
ipilimumab due to significant safety and good tolerability profile [13]. The introduction of ipilimumab
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ignited hope in the medical world and drastically transformed melanoma treatment [14]. With FDA
approval and introduction of the first anti-cytotoxic T-lymphocyte antigen-4 (CTLA-4) antibody
ipilimumab in the clinical system, the golden period for advanced melanoma treatment begun. A few
years later, after approval of ipilimumab, programmed cell death protein 1/or, its ligands (PD-1/PD-L1)
were introduced with approval of Pembrolizumab and Nivolumab in melanoma patients. The
impressive progress of the ICIs blockade, CTLA-4, and PD-1/PD-L1, with its relatively favorable safety
profile, has appeared after its full acceptance in clinical trials [15].
Despite significant vital advancements in the treatment of advanced-stage melanoma, most of
the ICIs are currently administered through a systemic route, which results in alteration of the immune
system with tolerance breakdown and a range of inflammation-induced toxicity known as immunemediated adverse events (imAEs) [16]. ICIs-induced toxicities restrict its further treatment applications
and contribute to the discontinuation of therapy in approximately half of the patients. Management of
imAEs is significantly different from the management of adverse events induced by cytotoxic
chemotherapy. Considering these similarities and core variations will promote the addition and
implementation of site-specific based targeted treatment strategies for the minimization of imAEs
cytotoxicities [17].
In this review, we highlight the current understanding of how inactivated T-cells avoid immune
system interruption and the effect of ICIs based treatment towards immunosuppressive cells with a vital
focus on pre-clinical studies, progress of clinical trials and approved anti-CTLA-4, anti-PD-1, and antiPD-L1 mAbs. In light of these, we also discuss the complex crosstalk between the emergence of
resistance and therapeutic limitations by exploring biomarker-based approaches to overcome resistance
to ICIs. The hindrance of the ICIs will be relieved by an improved understanding of immune regulation
pathways to be clinically relevant for the treatment of melanoma. Hence, we summarized historical
timeline of melanoma as shown in Figure 1.

2. Inactivation of T cells by CTLA-4, PD-1 and its ligands
T cells are involved in various immune responses in cancers. In acute disease conditions, naive
T cells are immediately initiated, and differentiated into effecting T cells (Teff) by antigenic stimulation
[18]. In opposition to this, in the case of cancer, due to persistent antigen expression, the role of T cells
becomes compromised and termed T cell dysfunction [19]. The immune system can identify the
expression of persistent antigens, however in the case of T cell dysfunction; an impaired immune system
allows cancer cells to persist undetected. The cycle is regulated by maintaining the balance between costimulatory and inhibitory signals. These signals are generally known as immune checkpoints [20].
Immune checkpoints attack when T cells identify and attach to partner proteins on other cells. All such
proteins are called immune checkpoint proteins. They produce an "off" signal to the T cells. This
prevents the T-cell identification mechanism among cancerous and noncancerous cells and further leads
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to the destruction of the immune system. There are mainly two types of receptors that downregulate Tcell function, i.e., CTLA-4 and PD-1 [21,22].
CTLA-4 belongs to the group of co-inhibitory receptor immunoglobin superfamily. CTLA-4
(CD152) is known as a T lymphocyte surface protein, and its interference results in the downregulation
of immune response [23]. It is mainly expressed on the surface of T cells between 24 - 48 h of activation.
There are two well-defined mechanisms by which CTLA-4 functions to inactivate T cells: direct
negative signaling upon TCR activation, and competitive antagonism of CD28:B7-mediated costimulation. Both mechanisms of T-cell inactivation are functional via a hierarchical regulation of
CTLA-4 oligomerization in lipid rafts at the immunological synapse. These two mechanisms of T cell
dysfunction by CTLA-4 may have different practical consequences: quick inhibition of T-cell activation
or initiation of T-cell activation [24].
PD-1 (CD279) receptor is a member of the B7-CD28 family and is expressed in activated CD8+
T cells, B cells, monocytes, and natural killer T cells, following activation. PD-1 receptors diminish T
cell functions by poorly defined oncogenic signalling pathways or by immunostimulating cytokines
such as interferon [25]. The interaction of PD-1 with its ligands also alters the cell cycle by preventing
progression through the G1 phase by raising p15 expression levels and suppressing transcription of S
phase kinase binding protein 2 (SKP2). The interaction among PD-1 and PD-L1 produces a signal that
restricts T-cell proliferation, leading to immune damping and anergy with T-cells [26].

3. Application of immune checkpoint inhibitors in patients with malignant melanoma
Based on the current understanding of melanoma pathology, unique therapeutic approaches
have been developed, which include CTLA-4, PD-1, and PD-L1/2 inhibitors. The principal purpose
was to suppress the molecular interplay among tumor cells and immune effector cells. The findings of
continued clinical trials represent a groundbreaking advancement in melanoma patient trials.
Ipilimumab (BMS734016, MDX 101, MDX-010, MDX-CTLA-4, MDX-CTLA4, Yervoy, BristolMyers Squibb) is an IgG1 mAb attacking the CTLA-4 receptor. It was first discovered by Berkeley
University (CA, USA) and authorized to Medarex, which was further purchased by Bristol – Myers
Squibb. In 2011, FDA and European Medicines Agency (EMA) approved Ipilimumab mainly for the
treatment of more advanced stage (unresectable or metastatic) melanoma on the basis of overall survival
confirmed in a phase III clinical trial study [5].
The FDA authorized ipilimumab 3 mg kg−1 as a single intravenously administered drug every
3 weeks for a sum of four doses. Hodi and collaborators have reported statistically significant overall
survival (OS) rates mediated by ipilimumab for patients with earlier treated metastatic melanoma. The
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average survival was 10.1 months’ patients who were treated with ipilimumab alone or glycoprotein
100 (gp100) peptide in combination with ipilimumab. On the other hand, survival was 6.4 months, with
the patients receiving gp100 peptide-vaccine alone. They recommend that ipilimumab will generate
synergetic impacts in melanoma patients [27]. Consequently, Ipilimumab was further approved by the
EMA at the equivalent dose and monotherapy, but for earlier treated patients. Later in 2011, Robert et
al. revealed that Ipilimumab (at a dose of 10 mg per kilogram) in combination with dacarbazine in
comparison to Dacarbazine plus placebo had improved overall health in patients without any earlier
treatment therapy in metastatic melanoma [5]. Based on the outcome of this research, in 2011
ipilimumab was authorized for metastatic melanoma in the United States and Europe [28]. A
randomized, double-blind Phase III research of ipilimumab administered at 3 or 10 mg kg−1 in
individual patients with earlier treated or untreated unresectable or metastatic melanoma was openended to establish the ideal recommended dose of ipilimumab (ClinicalTrials.gov identifier:
NCT01515189) [29]. The mechanism of Ipilimumab worked by interfering with the association of
CTLA-4 expressed on a subset of elevated T cells with B7 molecules on antigen-presenting cells (APCs)
[30]. These findings in tumor-specific T-cell proliferation and activation are owing to blockage of Tcell activation inhibitory modulation. It is expected to prevent tumor development.
PD-1 is a related inhibitory T cell receptor that, in contrast to CTLA-4, principally controls
effector T cell response inside the peripheral tissues [31]. Another antibody-based therapy based on
antagonism is an anti-programmed cell death protein 1 (PD‐1) or its ligand antibody. Raised levels of
PD‐L1 have been seen in tumors, including melanoma, where the promotion of T‐cell apoptosis is
supposed to mediate immunity evasion [32]. A positive relationship among melanoma cell PD‐L1
activity and overall survival (OS) was established. PD‐1 is abnormally manifested in circulating
melanoma antigen‐specific T cells and tumor-infiltrating lymphocytes (TILs). Melanoma cells are
assumed to be capable of initiating and sustaining long-lasting PD‐1 signals, as well as T‐cell fatigue
and T-lymphocyte dysfunction [33]. Therefore, as tumours and their microenvironment display PD-1
and PD‐L1, PD‐1 blockade could restore abnormal activity and signaling, recover immune effector
cellular activity, and stimulate an adaptive reaction to antitumors. Hamid and colleagues presented the
first study of pembrolizumab in melanoma in 2013. Pembrolizumab or lambrolizumab (trade title:
Keytruda) is the first PD‐1 medication approved by the FDA to treat unresectable or metastatic
melanoma that was previously handled [34]. Another monoclonal antibody against human PD‐1,
Nivolumab (BMS‐936558), is FDA-approved for treatment in 2014, for patients with metastatic
melanoma and the progression of diseases following ipilimumab therapy. It is a genetically modified
IgG4 that binds to raised affinity PD‐1 (KD 2.6 nmol / l) and inhibits its ligand relationships. Nivolumab
can suppress activated T cells by antibody-dependent cellular cytotoxicity (ADCC) [35]. Nivolumab
therapy was generally well-tolerated, with antagonistic results in 14 % of patients in grade 3 to 4. It has
been reported that no cumulative toxicity treatment has been given to overcome the antagonistic effects
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of Nivolumab. [36].
Simultaneously, after a few years, combinational ICIs therapy using CTLA‐4 and PD‐1
inhibitors were introduced and regarded suitable for the treatment of melanoma patients. The rationale
for combining anti-PD-1 and anti-CTLA-4 antibodies was based on their various modes of intervention
and their ability to amplify at different phases during the interaction of cancer cells and the immune
system. Anti-CTLA-4 functions principally in the priming stage, while anti-PD-1 prevents the effector
stage in local tumor tissue [37]. In advanced BRAF negative melanoma, the combination of nivolumab
and ipilimumab has revealed significant effectiveness and is currently approved by the FDA for firstline therapy. A Phase III research showed a combined treatment approach as compared to the standard
single immune checkpoint inhibitor treatment [38]. It has been shown that anti‐CTLA‐4 inhibitors can
upregulate the application of PD‐1 ligand (PD‐L1) [39]. As discussed in the previous section regarding
approved ICIs therapies, Table 1 represents ongoing clinical trial studies for the treatment of
Melanoma.

4. Mechanisms of resistance to immune checkpoint inhibitors
Contemporary ongoing clinical practice and findings have uncovered different mechanisms of
resistance development to ICIs. Precise mechanisms of resistance include; micro environmental tumor
changes that restrict T-cell activation, tumor invasion, and tumor cell destruction mediated by the
effector [40]. A deficiency of tumor-associated antigens can inhibit the activation of tumor-specific Tcells and enable tumors to avoid ICIs. Failure to perform a tumor antigen may result from a complete
failure of antigen or a deficit antigen-processing component and/or performance pathway. Breakdown
of tumor antigen performance is an important mechanism by which tumors avoid T-cell-mediated
immune recognition [41]. Mutations in β2-microglobulin, a protein needed for the folding and transport
of major histocompatibility complex (MHC) Class I to the cell surface [42]. It has also been observed
in melanoma patients at the time of anti-PD-1 treatment failure.
Mechanisms that hinder T-cell trafficking to tumor tissue also generate resistance to ICIs. BRAF
mutations and suppression of phosphatase and tensin homolog (PTEN) expression both lead to
resistance of ICIs in murine models and patients by producing multiple immunosuppressive proteins,
including VEGF, to be formed [43]. Additionally, it restricts T-cell trafficking to the sites of tumor and
inhibits T-cell effector functions [44]. Mutations in the interferon-gamma (IFN- γ) genes signaling
pathway also lead to both primary and acquired resistance to ICIs. Tumor-extrinsic mechanisms of
resistance development to ICIs have also been established, including new immune checkpoint receptors,
immunosuppressive cytokines, and other factors present in the tumor microenvironment and
immunosuppressive immune cell populations. The tumor microenvironment generated by tumor cells
has few immunosuppressive factors and infiltrating immune cells can also induce resistance to ICIs by
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inhibiting T-cell activity. Transforming growth factor-beta (TGF-β) is an immunosuppressive cytokine
formed by many different types of human tumors that can restrict the efficacy of ICIs by stimulating
Treg cells and impairing the function of T-cells [45].
5. Limitations of ICIs in melanoma
Advanced studies have demonstrated that patients with several malignancies benefit from safe
ICIs based therapy. However, mainstream preliminary studies of the immune checkpoint approach to
treating tumors are restricted by lowered response rate and insusceptible immune-related adverse events
in some cancer patients. Some ICIs are presently accessible in clinical practice for the treatment of
melanoma. Unfortunately, the current state of ICIs-treatment remains unclear [46]. One issue is the
uncertainty of whether immune or standard medication will be more beneficial to patients. The choice
of immune therapy or standard cancer medications has become more difficult because immune
medications are associated with a new class of unfavorable modern course of antagonistic impacts.
Accumulating proof proposes that only a fraction of cancer patients benefit from ICIs therapy, and in
most cases irAEs are only seen in a few patients undergoing ICIs therapy [47]. A prime example is that
of ipilimumab, which is taken to enhance T-cell responses. However, after certain dose ipilimumab
treatment is associated with mechanism-based, irAEs. An early Phase II dosing study demonstrated a
dose-dependent increase in irAEs with increasing ipilimumab dose [48]. irAEs were generally
reversible when managed with vigilant monitoring and systemic corticosteroids, as documented in the
Risk Evaluation and Mitigation Strategy associated with the FDA approval [49,50]. The most common
sites for immune-related adverse events were the gastrointestinal tract and skin, as determined in 5.5–
7.6% of ipilimumab-treated patients. Deaths associated with immune-related adverse events were a
result of septicemia, bowel perforation, liver or multi-organ failure, or Guillain–Barre syndrome [51].
A similar pattern of mechanism-based, immune-related adverse events are seen with PD-1
blockade as with CTLA-4 blockade with ipilimumab. The most common adverse events seen following
PD-1 blockade are fatigue, rash, diarrhea, pruritus, and nausea. The clinical development of CTLA-4
and PD-1-/PD-L1-blocking antibodies has had a profound impact on the treatment of melanoma and
several other cancers [52]. However, despite this success, only a minority of advanced melanoma
patients respond to checkpoint blockade, with a 10–40% objective response rate with monotherapy and
up to 58% with combined ipilimumab and nivolumab. As a result, considerable effort is invested in the
identification of predictive bio- markers to identify patients most likely to benefit from checkpoint
blockade. Thus, patients at high risk for treatment failure can easily be identified. This would limit
unnecessary exposure to immune-related adverse events and would direct treatment toward more
aggressive combination strategies. Early clinical experience with immune checkpoint blockade has
identified several biomarkers associated with treatment efficacy including; tumor mutational burden,
the presence of tumor-infiltrating lymphocytes, PD-L1 expression, and intestinal microbiota.
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6.

Biomarkers for the efficacy of immune checkpoint inhibitors in malignant

melanoma
The new era of immunotherapy has drastically changed the treatment landscape of metastatic
melanoma. The successful evolution of CTLA-4 and PD-1-/PD-L1 ICIs therapies has had a tremendous
impact on melanoma management and several other forms of cancer. However, many patients still do
not experience the clinical benefit of ICIs therapies. Notwithstanding this success, only a minority of
advanced melanoma patients respond to ICIs therapies. Although potentially important associations
between biomarkers and clinical responses to ICIs have been observed, these biomarkers are not yet
ready for clinical practice until prospectively validated in clinical studies [53]. Heterogeneity in prior
therapies and use of archival tissue for biomarker development further cloud interpretation.
Consequently, significant effort has been invested in the identification and detection of predictive
biomarkers to identify patients most anticipated to benefit from ICIs and those at high risk for treatment
failure that would benefit from more aggressive combination therapies to limit unnecessary exposure
to immune-related adverse events. Early clinical experience with ICIs has identified numerous
biomarkers linked with treatment efficiency, including tumor mutational burden, the presence of tumorinfiltrating lymphocytes and PD-L1 expression [50].
There is an increasing concern to obtain an in-depth understanding of the effect of chronic
inflammation, nutrition, and stress on overall and tumour-specific immunity, but much research is
needed to gather actionable elements. Many epigenomic, microenvironmental and immune blocking
processes have been recognized that have prompted researchers to develop more multi-drug approaches
that target them [54] as shown in Figure 2.

7. Conclusion
Although, ICIs is relatively a ‘new kid on the block’, it was recently recognized as a potential
fourth pillar in anticancer therapies for the treatment of melanoma by activating the host immune system
with improved patient’s survival rate. ICIs for cancer has just hit its maturity at the right time and is
transforming the field of melanoma treatment, both philosophically and rationally. Treatment of
melanomas through ICIs varies from traditional chemotherapeutic agents that act via mechanisms,
which boost, activates, or strengthens a functional immune response to tumor cells rather than
physically removing or killing cancer cells by inherent radiotherapy or chemotherapies. Despite the
popularity of anti-CTLA-4 and anti-PD-1/PD-L1 therapies, ICIs help only a fraction of patients. The
compilation of evidence suggests that some patients who receive ICI therapy have serious irAEs. irAEs
are induced mainly due to immune checkpoints inhibition, which strengthens standard physiological
barriers to autoimmunity, leading to numerous local and systemic autoimmune responses. Many
subsequent years of efforts and ‘proof of principle’ for promoting the immune system have been
established; yet minimization of irAEs continues to be a challenge. This has resulted in the need to
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establish biomarker sets that can predict the response of ICIs by minimizing irAEs and increasing the
patient's compliance. In conclusion, it is time to shift the paradigm toward a biomarker-driven ICIs
solution that has the potential to bring about dramatic changes in the ICIs immunotherapy landscape.

References
[1]

D. Schadendorf, A. Hauschild, Melanoma—the run of success continues, Nat. Rev. Clin.
Oncol. (2014). https://doi.org/10.1038/nrclinonc.2013.246.

[2]

National Cancer Institute, Melanoma of the Skin - Cancer Stat Facts, Natl. Cancer Inst.
. (2018).

[3]

J. Mark Elwood, J. Jopson, Melanoma and sun exposure: An overview of published
studies,
Int.
J.
Cancer.
(1997).
https://doi.org/10.1002/(SICI)10970215(19971009)73:2<198::AID-IJC6>3.0.CO;2-R.

[4]

A. Shukla, V. Mishra, P. Kesharwani, Bilosomes in the context of oral immunization:
development, challenges and opportunities, Drug Discov. Today. 21 (2016) 888–899.
https://doi.org/10.1016/j.drudis.2016.03.013.

[5]

C. Robert, L. Thomas, I. Bondarenko, S. O’Day, J. Weber, C. Garbe, C. Lebbe, J.-F.
Baurain, A. Testori, J.-J. Grob, N. Davidson, J. Richards, M. Maio, A. Hauschild, W.H.
Miller, P. Gascon, M. Lotem, K. Harmankaya, R. Ibrahim, S. Francis, T.-T. Chen, R.
Humphrey, A. Hoos, J.D. Wolchok, Ipilimumab plus dacarbazine for previously
untreated metastatic melanoma., N. Engl. J. Med. 364 (2011) 2517–26.
https://doi.org/10.1056/NEJMoa1104621.

[6]

S.M. Shaffer, M.C. Dunagin, S.R. Torborg, E.A. Torre, B. Emert, C. Krepler, M. Beqiri,
K. Sproesser, P.A. Brafford, M. Xiao, E. Eggan, I.N. Anastopoulos, C.A. Vargas-Garcia,
A. Singh, K.L. Nathanson, M. Herlyn, A. Raj, Rare cell variability and drug-induced
reprogramming as a mode of cancer drug resistance, Nature. (2017).
https://doi.org/10.1038/nature22794.

[7]

H. Choudhury, M. Pandey, T.H. Yin, T. Kaur, G.W. Jia, S.Q.L. Tan, H. Weijie, E.K.S.
Yang, C.G. Keat, S.K. Bhattamishra, P. Kesharwani, S. Md, N. Molugulu, M.R. Pichika,
B. Gorain, Rising horizon in circumventing multidrug resistance in chemotherapy with
nanotechnology,
Mater.
Sci.
Eng.
C.
101
(2019)
596–613.
https://doi.org/10.1016/j.msec.2019.04.005.

[8]

R. Ghanghoria, P. Kesharwani, R.K. Tekade, N.K. Jain, Targeting luteinizing hormonereleasing hormone: A potential therapeutics to treat gynecological and other cancers, J.
Control.
Release.
269
(2018)
277–301.
https://doi.org/10.1016/J.JCONREL.2016.11.002.

[9]

Z. Su, Z. Yang, L. Xie, J.P. Dewitt, Y. Chen, Cancer therapy in the necroptosis era, Cell
Death Differ. (2016). https://doi.org/10.1038/cdd.2016.8.

[10]

P. Matarrese, B. Ascione, L. Ciarlo, R. Vona, C. Leonetti, M. Scarsella, A.M. Mileo, C.
Catricalà, M.G. Paggi, W. Malorni, Cathepsin B inhibition interferes with metastatic
potential of human melanoma: An in vitro and in vivo study, Mol. Cancer. (2010).
https://doi.org/10.1186/1476-4598-9-207.
10

[11]

L. Devi, R. Gupta, S.K. Jain, S. Singh, P. Kesharwani, Synthesis, characterization and
in vitro assessment of colloidal gold nanoparticles of Gemcitabine with natural
polysaccharides for treatment of breast cancer, J. Drug Deliv. Sci. Technol. 56 (2020)
101565. https://doi.org/10.1016/j.jddst.2020.101565.

[12]

R.B. Herberman, H.T. Holden, Natural cell-mediated immunity, Adv. Cancer Res.
(1978). https://doi.org/10.1016/S0065-230X(08)60936-7.

[13]

S. Singh, D. Hassan, H.M. Aldawsari, N. Molugulu, R. Shukla, P. Kesharwani, Immune
checkpoint inhibitors: a promising anticancer therapy, Drug Discov. Today. (2019).
https://doi.org/10.1016/J.DRUDIS.2019.11.003.

[14]

E.J. Lipson, C.G. Drake, Ipilimumab: An anti-CTLA-4 antibody for metastatic
melanoma, Clin. Cancer Res. 17 (2011) 6958–6962. https://doi.org/10.1158/10780432.CCR-11-1595.

[15]

J. Gong, A. Chehrazi-Raffle, S. Reddi, R. Salgia, Development of PD-1 and PD-L1
inhibitors as a form of cancer immunotherapy: A comprehensive review of registration
trials
and
future
considerations,
J.
Immunother.
Cancer.
(2018).
https://doi.org/10.1186/s40425-018-0316-z.

[16]

S. Tabchi, C. Messier, N. Blais, Immune-mediated respiratory adverse events of
checkpoint
inhibitors,
Curr.
Opin.
Oncol.
(2016).
https://doi.org/10.1097/CCO.0000000000000291.

[17]

J.R. Brahmer, C. Lacchetti, B.J. Schneider, M.B. Atkins, K.J. Brassil, J.M. Caterino, I.
Chau, M.S. Ernstoff, J.M. Gardner, P. Ginex, S. Hallmeyer, J.H. Chakrabarty, N.B.
Leighl, J.S. Mammen, D.F. McDermott, A. Naing, L.J. Nastoupil, T. Phillips, L.D.
Porter, I. Puzanov, C.A. Reichner, B.D. Santomasso, C. Seigel, A. Spira, M.E. SuarezAlmazor, Y. Wang, J.S. Weber, J.D. Wolchok, J.A. Thompson, Management of
immune-related adverse events in patients treated with immune checkpoint inhibitor
therapy: American society of clinical oncology clinical practice guideline, J. Clin.
Oncol. (2018). https://doi.org/10.1200/JCO.2017.77.6385.

[18]

Y. Takeuchi, H. Nishikawa, Roles of regulatory T cells in cancer immunity, Int.
Immunol. (2016). https://doi.org/10.1093/intimm/dxw025.

[19]

S. Simon, V. Vignard, L. Florenceau, B. Dreno, A. Khammari, F. Lang, N. Labarriere,
PD-1 expression conditions T cell avidity within an antigen-specific repertoire,
Oncoimmunology. (2016). https://doi.org/10.1080/2162402x.2015.1104448.

[20]

S.L. Topalian, J.M. Taube, R.A. Anders, D.M. Pardoll, Mechanism-driven biomarkers
to guide immune checkpoint blockade in cancer therapy, Nat. Rev. Cancer. (2016).
https://doi.org/10.1038/nrc.2016.36.

[21]

E.I. Buchbinder, A. Desai, CTLA-4 and PD-1 Pathways, Am. J. Clin. Oncol. (2016).
https://doi.org/10.1097/coc.0000000000000239.

[22]

E.I. Buchbinder, A. Desai, CTLA-4 and PD-1 pathways similarities, differences, and
implications of their inhibition, Am. J. Clin. Oncol. Cancer Clin. Trials. 39 (2016) 98–
106. https://doi.org/10.1097/COC.0000000000000239.

[23]

D.D. Billadeau, J.C. Nolz, T.S. Gomez, Regulation of T-cell activation by the
11

cytoskeleton, Nat. Rev. Immunol. (2007). https://doi.org/10.1038/nri2021.
[24]

G. Gaud, R. Lesourne, P.E. Love, Regulatory mechanisms in T cell receptor signalling,
Nat. Rev. Immunol. (2018). https://doi.org/10.1038/s41577-018-0020-8.

[25]

M. Terme, E. Ullrich, L. Aymeric, K. Meinhardt, J.D. Coudert, M. Desbois, F.
Ghiringhelli, S. Viaud, B. Ryffel, H. Yagita, L. Chen, S. Mécheri, G. Kaplanski, A.
Prévost-Blondel, M. Kato, J.L. Schultze, E. Tartour, G. Kroemer, M. Degli-Esposti, N.
Chaput, L. Zitvogel, Cancer-induced immunosuppression: IL-18-elicited
immunoablative NK cells, Cancer Res. (2012). https://doi.org/10.1158/00085472.CAN-11-3379.

[26]

N. Patsoukis, J. Brown, V. Petkova, F. Liu, L. Li, V.A. Boussiotis, Selective effects of
PD-1 on Akt and ras pathways regulate molecular components of the cell cycle and
inhibit
T
cell
proliferation,
Sci.
Signal.
5
(2012).
https://doi.org/10.1126/scisignal.2002796.

[27]

P.D. F. Stephen Hodi, M.D., Steven J. O’Day, M.D., David F. McDermott, M.D., Robert
W. Weber, M.D., Jeffrey A. Sosman, M.D., John B. Haanen, M.D., Rene Gonzalez,
M.D., Caroline Robert, M.D., P.D. Dirk Schadendorf, M.D., Jessica C. Hassel, M.D.,
Wallace Akerley, M.D., Alfons J.M. van den Eertwegh, M.D., Ph.D., Jose Lutzky, M.D.,
Paul Lorigan, M.D., Julia M. Vaubel, M.D., Gerald P. Linette, M.D., Ph.D., David Hogg,
M.D., Christian H. Ottensmeier, M., Michael, New England Journal CREST, J. New
Engl. Med. 363 (2010) 711–723. https://doi.org/10.1056/NEJMoa1109071.

[28]

Ipilimumab Approved for Adjuvant Use in Melanoma, Oncol. Times. 37 (2015) 2.
https://doi.org/10.1097/01.cot.0000475721.44364.01.

[29]

J.D. Wolchok, B. Neyns, G. Linette, S. Negrier, J. Lutzky, L. Thomas, W. Waterfield,
D. Schadendorf, M. Smylie, T. Guthrie, J.-J. Grob, J. Chesney, K. Chin, K. Chen, A.
Hoos, S.J. O’Day, C. Lebbé, Ipilimumab monotherapy in patients with pretreated
advanced melanoma: a randomised, double-blind, multicentre, phase 2, dose-ranging
study., Lancet. Oncol. 11 (2010) 155–64. https://doi.org/10.1016/S14702045(09)70334-1.

[30]

Y. Han, Z. Chen, Y. Yang, Z. Jiang, Y. Gu, Y. Liu, C. Lin, Z. Pan, Y. Yu, M. Jiang, W.
Zhou, X. Cao, Human CD14+CTLA-4+ regulatory dendritic cells suppress T-cell
response by cytotoxic T-lymphocyte antigen-4-dependent IL-10 and indoleamine-2,3dioxygenase production in hepatocellular carcinoma, Hepatology. 59 (2014) 567–579.
https://doi.org/10.1002/hep.26694.

[31]

J.L. Riley, PD-1 signaling in primary T cells, Immunol. Rev. 229 (2009) 114–125.
https://doi.org/10.1111/j.1600-065X.2009.00767.x.

[32]

H. Dong, S.E. Strome, D.R. Salomao, H. Tamura, F. Hirano, D.B. Flies, P.C. Roche, J.
Lu, G. Zhu, K. Tamada, V.A. Lennon, E. Celis, L. Chen, Tumor-associated B7-H1
promotes T-cell apoptosis: a potential mechanism of immune evasion., Nat. Med. 8
(2002) 793–800. https://doi.org/10.1038/nm730.

[33]

H. Krönig, K. Julia Falchner, M. Odendahl, B. Brackertz, H. Conrad, D. Muck, R. Hein,
C. Blank, C. Peschel, B. Haller, S. Schulz, H. Bernhard, PD-1 expression on Melan-Areactive T cells increases during progression to metastatic disease, Int. J. Cancer. 130
(2012) 2327–2336. https://doi.org/10.1002/ijc.26272.
12

[34]

O. Hamid, C. Robert, A. Daud, F.S. Hodi, W.-J. Hwu, R. Kefford, J.D. Wolchok, P.
Hersey, R.W. Joseph, J.S. Weber, R. Dronca, T.C. Gangadhar, A. Patnaik, H. Zarour,
A.M. Joshua, K. Gergich, J. Elassaiss-Schaap, A. Algazi, C. Mateus, P. Boasberg, P.C.
Tumeh, B. Chmielowski, S.W. Ebbinghaus, X.N. Li, S.P. Kang, A. Ribas, Safety and
Tumor Responses with Lambrolizumab (Anti–PD-1) in Melanoma, N. Engl. J. Med. 369
(2013) 134–144. https://doi.org/10.1056/NEJMoa1305133.

[35]

J.R. Brahmer, S.S. Tykodi, L.Q.M. Chow, W.-J. Hwu, S.L. Topalian, P. Hwu, C.G.
Drake, L.H. Camacho, J. Kauh, K. Odunsi, H.C. Pitot, O. Hamid, S. Bhatia, R. Martins,
K. Eaton, S. Chen, T.M. Salay, S. Alaparthy, J.F. Grosso, A.J. Korman, S.M. Parker, S.
Agrawal, S.M. Goldberg, D.M. Pardoll, A. Gupta, J.M. Wigginton, Safety and activity
of anti-PD-L1 antibody in patients with advanced cancer., N. Engl. J. Med. 366 (2012)
2455–65. https://doi.org/10.1056/NEJMoa1200694.

[36]

S.L. Topalian, M. Sznol, D.F. McDermott, H.M. Kluger, R.D. Carvajal, W.H. Sharfman,
J.R. Brahmer, D.P. Lawrence, M.B. Atkins, J.D. Powderly, P.D. Leming, E.J. Lipson, I.
Puzanov, D.C. Smith, J.M. Taube, J.M. Wigginton, G.D. Kollia, A. Gupta, D.M. Pardoll,
J.A. Sosman, F.S. Hodi, Survival, durable tumor remission, and long-term safety in
patients with advanced melanoma receiving nivolumab, J. Clin. Oncol. 32 (2014) 1020–
1030. https://doi.org/10.1200/JCO.2013.53.0105.

[37]

J. Larkin, V. Chiarion-Sileni, R. Gonzalez, J.J. Grob, C.L. Cowey, C.D. Lao, D.
Schadendorf, R. Dummer, M. Smylie, P. Rutkowski, P.F. Ferrucci, A. Hill, J. Wagstaff,
M.S. Carlino, J.B. Haanen, M. Maio, I. Marquez-Rodas, G.A. McArthur, P.A. Ascierto,
G. V Long, M.K. Callahan, M.A. Postow, K. Grossmann, M. Sznol, B. Dreno, L.
Bastholt, A. Yang, L.M. Rollin, C. Horak, F.S. Hodi, J.D. Wolchok, Combined
Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma., N. Engl. J. Med.
373 (2015) 23–34. https://doi.org/10.1056/NEJMoa1504030.

[38]

J.D. Wolchok, V. Chiarion-Sileni, R. Gonzalez, P. Rutkowski, J.-J. Grob, C.L. Cowey,
C.D. Lao, J. Wagstaff, D. Schadendorf, P.F. Ferrucci, M. Smylie, R. Dummer, A. Hill,
D. Hogg, J. Haanen, M.S. Carlino, O. Bechter, M. Maio, I. Marquez-Rodas, M.
Guidoboni, G. McArthur, C. Lebbé, P.A. Ascierto, G. V. Long, J. Cebon, J. Sosman,
M.A. Postow, M.K. Callahan, D. Walker, L. Rollin, R. Bhore, F.S. Hodi, J. Larkin,
Overall Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma,
N. Engl. J. Med. 377 (2017) 1345–1356. https://doi.org/10.1056/nejmoa1709684.

[39]

R. Marconcini, F. Spagnolo, L.S. Stucci, S. Ribero, E. Marra, F. De Rosa, V. Picasso,
L. Di Guardo, C. Cimminiello, S. Cavalieri, L. Orgiano, E. Tanda, L. Spano, A. Falcone,
P. Queirolo, Current status and perspectives in immunotherapy for metastatic
melanoma,
Oncotarget.
9
(2015)
12452–12470.
https://doi.org/10.18632/oncotarget.24001.

[40]

R.W. Jenkins, D.A. Barbie, K.T. Flaherty, Mechanisms of resistance to immune
checkpoint
inhibitors,
Br.
J.
Cancer.
118
(2018)
9–16.
https://doi.org/10.1038/bjc.2017.434.

[41]

M.A. Mir, T-Cell Costimulation and Its Applications in Diseases, in: Dev.
Costimulatory Mol. Immunother. Dis., 2015. https://doi.org/10.1016/b978-0-12802585-7.00006-6.

[42]

R. Tarazona, E. Duran, R. Solana, Natural killer cell recognition of melanoma: New
13

clues for a more effective immunotherapy,
https://doi.org/10.3389/fimmu.2015.00649.

Front.

Immunol.

(2016).

[43]

J. Rieth, S. Subramanian, Mechanisms of Intrinsic Tumor Resistance to Immunotherapy,
Int. J. Mol. Sci. (2018). https://doi.org/10.3390/ijms19051340.

[44]

D.T. Fisher, M.M. Appenheimer, S.S. Evans, The two faces of IL-6 in the tumor
microenvironment,
Semin.
Immunol.
(2014).
https://doi.org/10.1016/j.smim.2014.01.008.

[45]

J.S. O’Donnell, G. V. Long, R.A. Scolyer, M.W.L. Teng, M.J. Smyth, Resistance to
PD1/PDL1
checkpoint
inhibition,
Cancer
Treat.
Rev.
(2017).
https://doi.org/10.1016/j.ctrv.2016.11.007.

[46]

R.D. Schreiber, L.J. Old, M.J. Smyth, Cancer immunoediting: Integrating the role of
immunity in cancer suppression and promotion, Science (80-. ). 331 (2011) 78.

[47]

G. Manley, Public Access NIH Public
https://doi.org/10.1038/mp.2011.182.doi.

[48]

O. Hamid, H. Schmidt, A. Nissan, L. Ridolfi, S. Aamdal, J. Hansson, M. Guida, D.M.
Hyams, H. Gómez, L. Bastholt, S.D. Chasalow, D. Berman, A prospective phase II trial
exploring the association between tumor microenvironment biomarkers and clinical
activity of ipilimumab in advanced melanoma, J. Transl. Med. (2011).
https://doi.org/10.1186/1479-5876-9-204.

[49]

C.F. Friedman, T.A. Proverbs-Singh, M.A. Postow, Treatment of the Immune-Related
Adverse Effects of Immune Checkpoint Inhibitors: A Review, JAMA Oncol. 2 (2016)
1346–1353. https://doi.org/10.1001/jamaoncol.2016.1051.

[50]

L. Spain, S. Diem, J. Larkin, Management of toxicities of immune checkpoint inhibitors,
Cancer Treat. Rev. (2016). https://doi.org/10.1016/j.ctrv.2016.02.001.

[51]

M.A. Postow, R. Sidlow, M.D. Hellmann, Immune-related adverse events associated
with
immune
checkpoint
blockade,
N.
Engl.
J.
Med.
(2018).
https://doi.org/10.1056/NEJMra1703481.

[52]

J. Naidoo, D.B. Page, B.T. Li, L.C. Connell, K. Schindler, M.E. Lacouture, M.A.
Postow, J.D. Wolchok, Toxicities of the anti-PD-1 and anti-PD-L1 immune checkpoint
antibodies, Ann. Oncol. (2015). https://doi.org/10.1093/annonc/mdv383.

[53]

S. Singh, A.A.S. Gill, M. Nlooto, R. Karpoormath, Prostate cancer biomarkers detection
using nanoparticles based electrochemical biosensors, Biosens. Bioelectron. 137 (2019)
213–221. https://doi.org/10.1016/j.bios.2019.03.065.

[54]

P. Sharma, S. Hu-Lieskovan, J.A. Wargo, A. Ribas, Primary, Adaptive, and Acquired
Resistance to Cancer Immunotherapy., Cell. 168 (2017) 707–723.
https://doi.org/10.1016/j.cell.2017.01.017.

Access,

71

(2013)

233–236.

14

René Laennec
first describes
melanoma as a
disease entity
John Hunter first
describes
melanoma and
preserves a
specimen

1787
1974

Donald
Morton
describes
presence of
melanoma
antigens

1812
1976

Samuel Copper
notes that early
surgical removal of
melanoma “is the
only chance for
William Norris
Herbert Lumley
benefit”
first describes a
Snow advocates
case of melanoma
for “anticipatory
in the English
gland dissection”
literature
before gland
enlargement

1820

1840

1892

Donald Morton
publishes first
William Sampson
series of patients
Handley
treated with BCG
advocates for
vaccination
Ion Gresser
wide excision
Edward Krementz
describes the role
publishes first case
of interferons in
series of isolated
antitumor
limb perfusion with
immunity
melphalan

1958

1907

1968

1969

Wallace Clark notes
the pathologic
heterogeneity of
melanoma and levels
Alexander
of invasion that
Breslow describes
correlate with
the relationship
prognosis
between tumor
thickness and
prognosis

1969

1970

HISTORICAL LANDMARKS IN THE TREATMENT OF MELANOMA

1985

FDA approval of
dacarbazine for
advanced,
metastatic
Steven Rosenberg
melanoma
publishes first case
series of patients
treated with LAK
cells in
combination with
IL-2

1985

John Kirkwood
initiates high dose
interferon studies
in patients with
high risk for
relapse melanoma

1988

First version
of AJCC
staging for
melanoma

1992

1996

Donald Morton
publishes technical
details regarding
the use of sentinel
lymph node
mapping
FDA approves

HDI

1998
FDA approval
of high dose
bolus IL-2 for
advanced,
metastatic
melanoma

2002

Helen Davies
describes high
frequency of
Braf mutation
in melanoma

2005
Boris Bastian
publishes the
first report that
melanomas are
genetically
heterogeneous

2006

Donald Morton
publishes
evidence in favor
of sentinel
lymphadenectom
y with early
nodal dissection

Nivolumab and
ipilimumab (antiPD-1) is approved
by FDA for
melanoma patients

2015
2011
Ipilimumab –
anti PDL-1
approved for
advanced
melanoma

Figure 1. Timeline with the key historical landmarks in the treatments for melanoma cancer.
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Figure 2. The core pillars and biomarkers of anti-tumour immunity to the ICIs.
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Table 1. Ongoing clinical trial study for the treatment of melanoma
Trial number

No
Patients

NCT02905266 135

of Combinational
therapy
Nivolumab
ipilimumab

ICIs Stage

of Target

Status

melanoma
+ Previously
untreated,

Anti-PD-1 + anti-CTLA-4

metastatic
melanoma
NCT03068455 1943
(CheckMate
915)

Nivolumab +
ipilimumab

NCT02714218 481

Nivolumab
ipilimumab

Complete
resection of
stage
IIIB/C/D or
stage IV
melanoma
+ Previously
untreated,

Anti-PD-1 +
anti-CTLA-4

Active, not
recruiting

Anti-PD-1 + Active,

not

anti-CTLA-4

recruiting

Anti-PD-1 +
anti-CTLA-4

Active, not
recruiting

Anti-PD-1 +
or metastatic LAG-3
inhibitor
melanoma

Recruiting

unresectable
or metastatic
melanoma
NCT02599402 615
(CheckMate
401)
NCT03470922 700

Nivolumab +
ipilimumab
Nivolumab +
Relatlimab

First-line for
advanced
melanoma
Unresectable
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