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Abstract
Cancer cells express unusual antigens which activate signal transduction pathways 

resulting in unregulated tumor growth. Hence, an effective immune response can be 
elicited via antibodies targeting the tumoral neoantigens. In particular, modulation of 
immunological pathways involved in the adaptive immune response is currently 
considered an innovative approach to fight against aggressive malignancies. Antigen-
specific immune responses require critical interaction between antigen presenting cells 
(APC), T-lymphocytes, and target cells. Upon T-cell activation, the programmed cell 
death protein-1 (PD-1) blocks the early TCR/CD28 signalling pathway, thus hindering 
cytokine production and cell cycle progression. Furthermore, cytotoxic T-lymphocyte 
antigen-4 (CTLA-4) inhibits the activated T-cell by binding with high affinity to the B7 
molecules and hampering the CD28-mediated signalling. The characterization of these 
negative immune regulators led to the successful development of fully human 
monoclonal antibodies (mAbs), specifically designed to promote T-cell activation and 
increase the anti-tumor immune response. This article provides a brief overview of 
immune modulation of T-cell function by anti-CTLA-4 and anti-PD-1 antibodies, known 
as checkpoint inhibitors, and summarizes clinical benefits and limitations of their use in 
cancer management.
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Introduction
Cancer cells express unusual neoantigens which activate signal transduction 

pathways resulting in unregulated tumor growth. The paradigm is represented by 
erythroblastic oncogene B (ErbB2), a constitutively active cell surface receptor over-
expressed on the surface of breast cancer cells [1]. Indeed, there are several tumor-
associated antigens targeted by mAbs. They include cell surface differentiation antigens 
expressed in normal and in tumor cells, growth factors and their receptors, stromal and 
extracellular matrix antigens [2].

Once bound to their antigens, mAbs interact in several ways with the immune 
systems through their Fc portion, thereby triggering complement-dependent or 
antibody-dependent cytotoxicity, and phagocytosis of target cells. Additionally, more 
specific mAbs have been tailored to modulate immunological pathways involved in the 
immune surveillance, and this strategy is considered an innovative approach to fight 
against aggressive malignancies [3]. The immune system capacity to recognize and kill 
tumor cells is strongly supported by evidence accumulated over the last ten years from 
preclinical and clinical studies. It is currently accepted that malignancy develops and 
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progresses as a result of the adaptive immune response 
circumvention [4]. Hence, the immune system failure in the 
control of tumor progression determines the selection of 
variants of tumor cells that, in turn, repress the antitumor 
immune response [5]. The phases of cancer immunoediting, 
that is the capability of the immune system to suppress or 
promote tumor growth, have been extensively reviewed [6]. 
Negative regulatory pathways, known as immune checkpoints, 
have a critical function in both peripheral and central 
tolerance. They may act at each stage of the immune response. 
Under persistent antigenic burden T-cells upregulate the 
immune checkpoints, whose signalling blocks their 
proliferation and effector functions, eventually leading to 
their deletion [7]. There is compelling evidence that the 
immune exhaustion also occurs in cancer [8,9]. Several T-cell 
surface receptors with inhibitory activity have been identified, 
and some of them, such as CTLA-4 and PD-1, are targets of 
mAbs already approved for cancer therapy.

The Immune Checkpoint receptors 
CTLA-4 and PD-1 modulate the T-Cell 
Effector functions

Antigen-specific immune responses require antigen 
presenting cells (APC), T-lymphocytes and target cells 
interaction. The recognition of specific antigens bound to 
major histocompatibility complex (MHC) by T-cell receptor 
(TCR) is not sufficient per se to activate T-cells. T-cell activation 
requires additional co-stimulation through binding of CD28 
with molecules of the B7 family (CD80, CD86), thus triggering 
signalling pathways eliciting autocrine IL-2 production.

Co-stimulatory signal is inhibited by CTLA-4 through 
competition with CD28

The inhibition of T-cell activation by CTLA-4 occurs by 
two mechanisms and depends on its expression on cell 
surface:delivery of a negative signal and competitive 
antagonism of CD28:B7-mediated co-stimulation [10]. So far, 
the molecular mechanism that controls negative signalling is 
unknown. There is evidence that negative signalling needs 
the CTLA-4 cytosolic tail and, further, a low expression at the 
cell surface, thus leading to a rapid inhibition of T-cell 
activation [11]. The other mechanism proposes that, 
subsequently to the activation of T-cells, CTLA-4 moves from 
intracellular compartments to the immunological synapse 
thus inhibiting the costimulatory signal by competing with 
CD28 for binding to CD80 on the APC [12,13]. CTLA-4 has a 
markedly higher affinity for CD80 (B7) compared with CD28 
(Kd 12 nM versus 200 nM) [14]. This higher binding affinity 
depends on a high degree of shape complementarity resulting 
in unusually stable CTLA-4/CD80 signalling complexes at the 
T-cell surface [15]. Constitutive expression of CD28 has been 
observed in resting and activated cells, while the expression 
of CTLA-4 is regulated by T-cell receptor (TCR)/CD28 co-
stimulation. Levels of CD28 expression on naïve and active 
T-cells are influenced by the rate of biosynthesis and 
mechanisms that control its internalization. There is evidence 

that phosphatidylinositol 3-kinase (PI3K) is the main 
regulatory factor of CD28 endocytosis that occurs in the form 
of CD28–PI3K complexes [16-18]. CTLA-4 is localized in Trans 
Golgi network (TGN), lysosome, and endosomes, [19-21], and 
a small amount has been detected on cell surface even after 
the activation of T-cells. The mechanism involved in the cell 
surface translocation should not be underestimated, given 
that even minimal expression differences can have remarkable 
consequences on the development of autoimmunity and the 
function of T-cells. Despite these findings, components of the 
complex array controlling the surface transport have not been 
entirely identified so far. Indeed, a type III transmembrane 
protein of 30 kDa, called TCR interacting molecule (TRIM), 
seems to regulate this event in a chaperone manner, since 
overexpression of TRIM has been found closely related to the 
increased CTLA-4 translocation at the cell surface [21]. It is 
evident that the CD28/CTLA-4 axis represents a viable way to 
modulate the immune system response. Abrogation of the 
CTLA-4 function by means of mAbs would restore CD28 
signalling and switch the balance in favor of immune 
stimulation. The characterization of this negative immune 
regulator led to the successful development of ipilimumab 
and tremelimumab, two fully human monoclonal antibodies, 
designed to potentiate T-cell activation and increase the anti-
tumor immune response. Only ipilimumab was approved for 
metastatic melanoma treatment.

PD-1 negatively regulates T-cell receptor signals by inducing 
CD28 dephosphorylation

The programmed cell death protein 1 (PD-1), which is 
homologous to CD28, is a negative regulator of adaptive 
immune responses [22]. PD-1 is a receptor at cell surface, 
belonging to the superfamily of immunoglobulin that is 
expressed in T-cells and, unlike CTLA-4, also in activated B 
cells and macrophages [23]. This suggests a wider function of 
PD-1, compared to CTLA-4, in the immune response 
regulation. Structurally, PD-1 presents an extracellular IgV-
like ligand-binding domain, a transmembrane region and a 
cytoplasmic tail containing two phosphorylation sites located 
in an immunoreceptor tyrosine-based inhibitory motif and an 
immunoreceptor tyrosine-based switch motif [24,25], which 
recruit SHP-1 and SHP-2 phosphatases upon ligand binding. 
Unlike some T-cell populations such as follicular helper 
T-cells, in which PD-1 is constitutively expressed [26], in the 
most circulating T-cells PD-1 is expressed upon stimulation, 
through the TCR complex or exposure to growth factor 
(TGF)-β and cytokines [23,27]. The two ligands of the receptor, 
PD-L1 (B7-H1; CD274) and PD-L2 (B7-DC; CD273), can be 
detected on the APC surface, and are up-regulated by 
interferon (INF) γ [28]. In T-cells, activation of PD-1 triggers a 
signalling cascade leading to the dephosphorylation of TCR 
signalling components [29]. CD28 seems to be the primary 
target [30] and plays, upon the TCR stimulation, a main role in 
the activation of T-cells. By interfering with TCR/CD28 
pathways, PD-1 signalling cascade reduces cytokine 
production and inhibits IL-2-dependent cell cycle progression. 
Thus, PD-1 activity is relevant only during T-cell activation 
and is crucial for restraining immune responses so as to avoid 
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immunopathology. Importantly, genetic polymorphisms in 
the PD-1 locus have been associated with a higher 
susceptibility towards autoimmune diseases [31,32].

PD-1 is up-regulated in circulating tumor-specific T-cells 
and tumor-infiltrating lymphocytes, where it is associated 
with decreased T-cell functions [33-35]. Moreover, PD-1-
positive dendritic cells, with a decreased capacity to induce 
T-cell stimulation, have been identified in hepatocellular 
carcinoma [36], and tumor infiltration of PD-1 positive 
regulatory B cells producing IL-10 is associated with poor 
prognosis [37]. Importantly, both murine and human tumor-
associated macrophages (TAM) can also express high levels 
of PD-1 with consequent impairment in phagocytosis and 
tumor immunity, whereas the deletion of PD-L1 enhances PD-
1+ TAM phagocytosis and reduces tumor growth [38]. Hence, 
the effects of PD-1 blockade with anti-PD-1/PD-L1 antibodies 
on macrophages in human cancer may lead to novel 
therapeutic strategies.

The Repertoire of Checkpoint 
Inhibitors currently Available

The improved progress-free survival and overall survival 
of patients have highlighted the clinical benefit of both CTLA-
4 and PD-1 checkpoint inhibitors. Unlike traditional cytotoxic 
therapies, which directly attack and kill tumor cells, 
immunotherapies promote the anti-tumor immune response. 
Tumor cells contrive several mechanisms to escape immune-
mediated destruction. The updated concept of cancer 
immunoediting well explains the involvement of immune 
system in the development or regression of tumor. 
Conceptually, cancer immunoediting, extensively reviewed by 
Teng et al. [6], may be outlined into elimination, equilibrium, 
and escape phases. In particular, multiple mechanisms may 
be responsible for tumor cell escape including (i) loss of 
tumor antigens and/or derangement of the T-cell activation 
machinery; (ii) over-expression of prosurvival or growth 
factors (e.g., Bcl-2, Her2/neu); (iii) setting up of an 
immunosuppressive tumor microenvironment (TME) through 
production of cytokines and metabolic factors, or through 
recruitment of regulatory T-cells (TREG), and involvement of 
negative regulatory pathways, such as CTLA-4 and PD-1. In 
recent years, strategies to target inhibitory receptors have 
been extensively investigated, and anti-CTLA-4 and anti-PD-1 
antibodies gained regulatory approval for human use due to 
remarkable improvement observed in disease outcomes, 
especially in melanoma patients.

Anti CTLA-4 therapeutics: the first step forward in melanoma 
treatment

Melanoma, a skin cancer originating in melanocytes, is 
associated with a high mortality rate [39]. Currently, for 
patients with melanoma, intolerant to first-line treatments or 
affected by progressive disease [40,41], there is no standard 
therapy. Temozolomide, an analogue of dacarbazine, is often 
used off-label in the treatment of metastatic melanoma 
taking advantage of its oral availability while retaining the 

same efficacy as dacarbazine [42,43]. Tumor-specific 
neoantigens are often expressed in melanoma cells, thus 
remarkable therapeutic effects may be attained using 
immunotherapeutic agents which activate cytotoxic T 
lymphocytes [41]. Indeed, tremelimumab and ipilimumab, 
two monoclonal antibodies, have been investigated for the 
advanced melanoma treatment.

Ipilimumab is a fully human monoclonal IgG1 antibody 
that targets CTLA-4 preventing its interaction with CD80 and 
CD86 (B7 molecules). CTLA-4, by down-regulating T-cell 
activation pathways and preventing autoimmunity, plays the 
role of “immune checkpoint” [12]. Ipilimumab removes the 
CTLA-4-mediated negative immune regulation resulting in 
unrestrained T-cell proliferation [3,44-47]. Thus, the beneficial 
effect of ipilimumab in melanoma patients lies in T-cell 
mediated antitumor immune responses (Figure 1). Phase III 
studies in metastatic melanoma showed that ipilimumab 
improves overall survival of patients with disease progression 
on prior therapy [47]. This therapeutic success led to the FDA 
approval of ipilimumab for the treatment of metastatic 
melanoma in 2011, thus marking the beginning of new era in 
cancer immunotherapy [39]. Conversely, phase III studies of 
tremelimumab, an IgG2 isotype developed to mitigate 
complement activation and the risk of cytokine release 
syndrome [48], were discontinued in 2008, since patients with 
advanced melanoma did not benefit from the tremelimumab 
treatment [39].

Figure 1. Antibodies suppress CTLA-4 and PD-1 functions thus 
promoting tumor cell death. The costimulatory binding of B7 
(CD80 and CD86) to CD28 promotes T lymphocytes activation. 

Upon activation, cytotoxic T-lymphocyte antigen-4 (CTLA-4) moves 
from intracellular stores to the immunologic synapse and binds the 
B7 with a much higher affinity than CD28. This competitive binding 
accounts for its inhibitory effect on T-cell proliferation. PD-1 exists 

on the cell surface of activated T-cell. PD-L1 is expressed in immune 
cells and also in cancer cells. PD-L1, by binding PD-1, blocks the 

activation of T-cells. Antibodies targeting CTLA-4 and PD-1/PD-L1 
promote immune stimulation and tumor cell death.

Anti PD-1/PD-L1 therapeutics: their benefit extends from 
melanoma to other types of tumors

PD-L1, the ligand for PD-1, is highly expressed in several 
cancers, thus the PDL1/PD-1 interaction activates signalling 
pathways that play a fundamental role in cancer immune 
evasion [49-51]. Prevention of the PDL1/PD-1 interaction by 
means of mAbs elicits T-cell responses and restores the 
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immune-mediated antitumor activity (Figure 1). Some 
anticancer mAbs targeting the PD-1 receptor have been 
already approved. Details of the molecular mechanism 
involved in tumor responsiveness to anti-PD1 treatment are 
still unknown. Although cancer cells expressing PD-L1 are 
more responsive to the treatment [52,53], PD-L1 negative 
tumors may also partially respond to anti-PD-1 treatment, 
suggesting that PD-L1 expression in the TME is not the unique 
factor associated with clinical response to anti-PD-1 therapy 
[53].

Nivolumab, a fully human IgG4 anti-PD-1 antibody, 
produced a high response rate in multiple tumor types, 
including non-small-cell lung cancer (NSCLC), metastatic 
melanoma, and renal-cell cancer, as shown by results from a 
phase I clinical trial enrolling 296 patients [54]. In 2014, 
nivolumab was approved for metastatic melanoma.

An emerging and promising approach to fight against 
aggressive malignancies is based on the combination of anti 
PD-1 and anti CTLA-4 antibodies with additive benefit [55-57]. 
Anti-CTLA-4 treatment enhances antigen specific T-cell-
dependent immune reaction on one side and on the other, 
anti-PD-1 treatment reactivates CD8+ T-cells thus promoting 
the death of cancer cells [49,58,59]. In fact, clinical studies 
have shown that patients refractory to single blockade are 
more responsive to combination therapy [52]. A treatment 
regimen combining anti-CTLA-4 (ipilimumab) with anti-PD-1 
(nivolumab) gained FDA approval for melanoma in 2015 [53].

Pembrolizumab, a humanized monoclonal IgG4 antibody 
against PD-1, was approved by the FDA in September 2014 
for metastatic melanoma, and in October 2015 for advanced 
(metastatic) NSCLC patients with disease progression on prior 
therapy [57]. Additional drugs targeting PD-1 receptors, such 
as pidilizumab, BMS-936559, and avelumab, is still under 
evaluation.

Augmented levels of PD-L1 have been associated with 
poor prognosis in melanoma and also in other malignancies 
such as ovarian, lung, renal and nasopharyngeal cancers [60-64]. 
Inhibition of PD-L1 with antibodies improved overall survival 
in patients with these cancers. More recently, the mAb against 
PD-L1, atezolizumab, has been approved for the treatment of 
PD-L1 positive bladder cancer and NSCLC [65,66]. The PD-L1 
expression is under the control of MAPK and PI3K/Akt 
signaling pathways and transcriptional factors HIF-1 and 
STAT3 [67]. Therefore, the inhibition of signaling pathways, 
that promote cancer development by targeting a number of 
downstream effectors, could also downregulate PD-L1 
expression. Indeed, there is evidence that the use of the 
signaling inhibitor trametinib to reduce PD-L1 expression 
together with anti-PD-1 antibodies results in a greater efficacy 
[68].

Safety Profile and Limitations of Immune 
Checkpoint inhibitors

Treatment with immune checkpoint inhibitors results in 
adverse events which are closely related to their mechanisms 

of action. PD-1 and CTLA-4 are key regulators of the adaptive 
immune response. Hence, inhibition of these regulatory 
pathways through anti PD-1 and anti CTLA-4 antibodies for 
the cancer treatment is associated with a high and unavoidable 
risk of immune-related adverse events (irAEs). Of note, 
inflammation plays a critical role in tumorigenesis and can 
contribute to tumor promotion. Hence, cancer immunotherapy 
that induces pro-inflammatory cytokines may be expected to 
contribute to tumorigenesis [69].

PD-1 and CTLA-4 inhibition is associated with a substantial 
risk of irAEs

Clinical trials have shown that more than 80% of patients 
receiving ipilimumab develop adverse events [47,70-74], with 
a high rate (10% to 26%) of grade 3-4 drug-related unwanted 
reactions [71,73,74]. Hence, the high risk of ipilimumab use in 
patients with severe autoimmune disorders [39]. Although 
any organ system may be affected, the most common severe 
irAEs are dermatitis (including potentially fatal epidermal 
necrolysis), hepatitis, enterocolitis, endocrinopathy and 
neuropathy [75]. The range of side effects may expand to 
rarer manifestations involving nervous, hematopoietic and 
urinary systems [76]. However, most of the ipilimumab 
immune-mediated side effects are reversible if diagnosed 
and treated early [77]. Clinical trials comparing different 
inhibitors of immune checkpoints revealed that the incidence 
of side effects is higher in patients treated with anti-CTLA-4 
(27.3%) with respect to those treated with anti-PD-1 (16.3%) 
[78]. Moreover, the percentage increases to 55% if a 
combination of antibodies is used [78]. The reduced incidence 
of adverse effects observed in patients treated with anti-PD-1 
antibodies might be explained taking into account that PD-1 
suppresses T-cell activity mainly in the peripheral tissues and 
TME, whereas CTLA-4 modulates the activation of T-cells in 
the lymphoid organs where naïve T-cells are primed, and 
potentially in the periphery via TREG depletion [75]. The 
diverse pattern of CTLA-4 action in modulating immune 
responses might explain the wide range of irAEs observed in 
patients treated with anti-CTLA-4 antibodies.

Why the treatments with anti-PD-1 and anti-CTLA-4 lose 
efficacy

One important limitation of treatments with immune 
checkpoint inhibitors lies on the loss of efficacy after a period 
of time, thus many patients with initial responses frequently 
relapse. Several studies have analyzed the mechanisms 
underlying the loss of efficacy. Tumor cells can evade from 
immune surveillance through vicarious inhibitory pathways 
up-regulated by anti-PD-1 or anti-CTLA-4 therapeutic 
antibodies [7]. Concerning anti-CTLA-4 treatment, up-
regulation of the inhibitory receptor V-domain Ig suppressor 
of T-cell activation (VISTA) has been observed on tumor-
infiltrating immune cells in patients affected by melanoma or 
prostate cancer [79]. Moreover, in adenocarcinoma patient’s 
refractory to anti-PD-1 treatment, up-regulation of the 
inhibitory receptor TIM-3 (T-cell immunoglobulin and mucin-
domain containing-3) has been detected on the T-cell surface 
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[80]. Yet, acquired resistance to anti-PD-1 treatment in 
melanoma patients has been ascribed to the altered INF-γ 
receptor signaling pathway and antigen presentation [80]. A 
better knowledge of the molecular mechanisms involved in 
the efficacy loss of immune checkpoint inhibitors will 
significantly contribute to improve the therapeutic approach 
in the near future.

The need for biomarkers to avoid inappropriate drug 
exposure

A significant number of patients do not benefit from anti-
PD-1 and anti-CTL-A4 therapy, hence predictive biomarkers 
are needed to assess responsiveness to immune checkpoint 
inhibitors. Basically, factors with predictive positive value 
include small size tumor or low serum lactate dehydrogenase 
(LDH) [81-83]. Patients with reduced LDH levels are more 
responsive to anti-PD-1 treatment [84]. Dead tumor cells 
release circulating tumor DNA (ctDNA) containing melanoma-
associated mutations. High ctDNA serum levels have negative 
predictive value and correlate with tumor progression [85,86]. 
The expression of neoantigens on mutated tumor cells 
improves efficacy of anti-CTLA-4 treatment in melanoma 
patients [56].

Immunological biomarkers in the context of anti-PD1 
therapy for melanoma can be represented by CD8+ T-cell 
density at tumor edge that has been correlated to clinical 
response to anti-PD1 treatment [87]. In addition, PD-L1 
expression on tumor cells correlates with efficacy of anti-PD1 
therapy in melanoma patients [54,78], as well as patients with 
several types of solid tumors [88]. However, in multiple tumor 
biopsies collected from different anatomical sites in individual 
patients, variable expression of PD-L1 could be observed. This 
rises a pitfall in considering PD-L1 a biomarker when it is 
measured by immunohistochemistry (IHC) in a single tumor 
specimen per patient [54]. In any case, in October 2015, FDA 
approved PD-L1 IHC test as diagnostic test to follow the 
treatment-response of patients with NSCLC. Genetic markers 
associated with resistance to checkpoint blockade and relapse 
have been extensively reviewed [89]. A correlation between 
DNA mismatch repair complex genotype and response to 
anti-PD-1 therapy is reported [90]. The anti-PD-1 treatment is 
more effective in patients with colorectal cancer or NSCLC 
with mismatch repair deficiency or high mutation rates 
[90,91].

In patients resistant to PD-1 inhibition, Hugo and 
coworkers [92] uncovered, in distinctive histological subtypes 
of advanced cancer, an ‘innate anti-PD-1 resistance’ 
characterized by an increased expression of genes encoding 
for factors involved in monocyte/macrophage chemotaxis, 
epithelial mesenchymal transition, extracellular matrix 
remodelling, wound healing, cellular adhesion, and 
angiogenesis. The key point emerging from all studies is the 
critical role of tumor gene-expression profiling for the most 
appropriate choice of therapeutic strategies matched to 
patients and tumor characteristics, and also for prediction of 
immunotherapeutic response.

Unlike PD-1/PD-L1, the CTLA-4 immune checkpoint 

predominantly acts in the early steps of the immune response 
cascade, during T-cell priming and activation, and it enhances 
the immunosuppressive activity of TREG cells. Hence, CTLA-4 
exhibits a general impact on the immune system, and 
consequently biomarkers of resistance/response to anti-
CTLA-4, different from those of anti-PD1-PDL1 drugs, should 
be identified.

Conclusions
Immunotherapy with anti-PD-1 or anti-CTLA-4 mABs has 

drastically improved the management of patients with 
advanced-stage melanoma and is also a promising strategy 
for many other types of cancer. The anti-CTLA-4 antibody 
ipilimumab was the first checkpoint inhibitor with ascertained 
survival benefit in advanced melanoma, and the first gaining 
FDA approval. The initial enthusiasm for the discovery and 
delivery of this novel drug was mitigated by concerns about 
the unavoidable risk of severe immune-mediated adverse 
effects [93]. Despite that, ipilimumab marked the beginning 
of a new era of melanoma therapy after the repeated failure 
of traditional cytotoxic agents. Subsequently, mABs targeting 
PD-1 were developed and approved for the treatment of 
melanoma and other types of cancer. Actually, the mortality 
rate remains high among patients with aggressive malignancy, 
thus underlying the need for development of additional 
innovative drugs. To enhance anti-tumor immune responses 
and to select therapeutic approaches matched to patients 
and tumor characteristics, genomic-driven precision 
immunotherapy will likely be a winner strategy. Although 
significant response rates have been reported with checkpoint 
blockade in melanoma, NSCLC, bladder cancer and Hodgkin’s 
lymphoma [94], the clinical benefit of these inhibitors is still 
restricted to a subset of patients and certain types of tumors 
[53,72,95]. In this scenario, it is mandatory to validate specific 
biomarkers in order to assess therapeutic response, and also 
to minimize adverse events especially for drugs, such as 
ipilimumab, with an unfavourable risk-benefit balance. 
Concerning anti-PD-1 therapy, biomarkers are incredibly 
useful for ranking exceptionally responsive patients. For 
example, advanced colorectal tumors generally do not 
respond to anti-PD-1 therapy, but a subset with genomic 
instability and high tumor mutational burden is very 
responsive [90]. Finally, we should also consider that the 
number of checkpoint receptors and ligands is increasing. 
Some of these are co-expressed with PD-L1, hence providing 
a rationale for dual block therapy. Validated biomarkers to 
predict the benefits of the dual block therapy are not available 
so far. Despite explosion of data in the immunotherapy field, 
selection of patients for mono- or combination therapy, and 
guide clinical decision-making for treatment sequencing still 
pose enormous challenges to researchers and require further 
efforts to implement preclinical and clinical approaches.
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