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Different treatment modalities encompassed under the term ‘immunotherapy’ have led 
to major breakthroughs in the treatment of melanoma. Immune checkpoint-blocking 
antibodies targeting CTLA-4 and PD-1 result in significant activity and prolonged survival 
in patients with advanced melanoma and are currently available for clinical use. Studies 
addressing novel immune checkpoint blocking antibodies, combined approaches and 
predictive/prognostic biomarkers are expected to broaden the applicability and efficacy 
of this approach. In this article, we will review clinically meaningful aspects of immune 
checkpoint blockade, promising strategies under development and the challenges faced in 
a continuous search to improve the outcomes of patients affected by this disease.
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Melanoma: witnessing a change in paradigm
Although curable when diagnosed at early stages, melanoma is still associated with a significant risk 
of relapse and remains a fatal disease when diagnosed at advanced stages [1]. In 2015, approximately 
74,000 new cases are expected to be diagnosed and almost 10,000 patients will die from this disease 
in the USA [2], and incidence continues to rise in many regions of the globe [3].

Practice points

●● 	Although curable when localized at diagnosis, melanoma is associated with a high risk of relapse and is a 
life-threatening condition at advanced stages.

●● 	Multiple events orchestrate the interaction of the immune system, malignant cells and tumor microenvironment.

●● 	Both stimulatory and inhibitory signals (or checkpoints) can modulate the antitumor immune response, and 
suppression of inhibitory receptors can lead to antitumoral effect.

●● 	Monoclonal antibodies targeting CTLA-4 and PD-1 have been investigated in large, randomized trials and shown to 
improve survival in patients with locally advanced or metastatic melanoma.

●● 	Ipilimumab, pembrolizumab and nivolumab are currently available for clinical use for the treatment of patients with 
advanced melanoma.

●● 	Early recognition of immune-related adverse events and adequate treatment based on available guidelines is 
essential in managing the toxicities of these drugs.

●● 	Responses to immune checkpoint blocking antibodies can have a different pattern and kinetics from those observed 
with conventional cytotoxic chemotherapy.

●● 	The role of both prognostic and predictive biomarkers in this setting is not fully understood.

●● 	Promising strategies to overcome resistance and improve outcomes include combinations of different compounds 
and novel immunotherapeutic agents.
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The term melanoma derives from the Greek 
melas (black) and oma (tumor), and alludes to 
a malignancy arising from melanocytes, which 
originate from the neural crest during embry-
ogenesis  [4]. Until the first decade of the 21st 
century, survival of patients with metastatic 
melanoma was historically poor, with less than 
15% of the patients alive at 5 years after the ini-
tial diagnosis [4,5]. Treatments for patients with 
unresectable disease relied on conventional cyto-
toxic agents, particularly dacarbazine, and only a 
subset of patients achieved benefit with IL-2 [4,5].

A better understanding of melanoma biology 
and both host and tumor immunology led to 
significant advances in the treatment of this dis-
ease. Since 2011, six new agents were approved 
by the US FDA for the treatment of patients 
with advanced melanoma. In addition to the 
targeted agents, dabrafenib, trametinib and 
vemurafenib, the immune checkpoint blocking 
antibodies ipilimumab, pembrolizumab and 
nivolumab are currently available for clinical 
use. Antibodies targeting immune checkpoints 
revolutionized the way advanced melanoma is 
perceived and treated. Blockade of CTLA-4 
with ipilimumab was the first strategy based on 
modulation of antitumor immune response to 
result in improvement in survival and durable 
responses in melanoma [6,7]. More recently, tar-
geting the PD-1 showed significant efficacy in 
the same setting [8]. Long-term results of ipili-
mumab have been recently published, provid-
ing strong evidence that the historical survival 
curves for patients with melanoma are, finally, 
being redrawn [9].

Why are we doing this? A brief overview of 
the immune response in melanoma
The concept that immune system can result 
in antitumoral effects dates back to the 19th 
century, when tumor regressions were reported 
by Wilhelm Busch and William B Coley fol-
lowing infections of surgical wounds  [10,11] In 
addition, extensive data in the literature sup-
port an association between immunosuppres-
sion and the development of malignancies other 
than melanoma. The knowledge generated dur-
ing the following century enabled researches 
to understand the underlying mechanisms 
involved in these observations and to develop 
approaches that were proven to be therapeuti-
cally successful. The role of cellular immunity as 
a mechanism of prevention of cancer was termed 
‘immunosurveillance’ [12], and the different steps 

correlating cancer progression and immune-
mediated effects were described as ‘immuno
editing’  [13]. Finally, the complex interactions 
leading to suppression of the antitumor immune 
response mediated by malignant cells and the 
tumor microenvironment are characterized as 
‘immune-evasion’ [14,15].

The immune system can be divided into the 
innate and adaptive arms  [15,16]. The innate 
immune system, which serves as the initial 
defense against foreign antigens, includes den-
dritic cells (DC), macrophages, neutrophils, 
basophils, eosinophils, natural killer (NK) 
cells and mast cells [15,16]. Once activated, mac-
rophages and mast cells release stimulatory 
cytokines that recruit additional elements of 
the inflammatory response. DC act as major 
antigen-presenting cells (APC) through inter-
action with adaptive immune components in a 
process mediated by MHC classes I and II. The 
adaptive immune system includes B lympho-
cytes, CD4+ helper T lymphocytes, and CD8+ 
cytotoxic T lymphocytes (CTLs), and results 
in an antigen-specific response [15–17].

Effective immune-mediated immune response 
demands a complex chain of events that involves 
processing of tumoral antigens by APC, interac-
tion with T lymphocytes, recruitment of effec-
tor cells, production of T-cell-mediated response 
and overcoming mechanisms of immunosup-
pression and negative regulation [15,17]. APC are 
central players in this process – they are responsi-
ble for processing tumoral antigens and present-
ing them, via MHC class I and II molecules, to 
T cells through the T-cell receptor (TCR).

In order to result in T-cell activation, pro-
liferation and cytokine release, engagement of 
the TCR by MHC molecules requires accessory 
signals, which are modulated by the interaction 
of stimulatory and inhibitory receptors  [18–20]. 
While co-stimulation leads to arousal of T-cell-
mediated response, negative signals are essen-
tial in preventing autoimmunity and promoting 
T-cell tolerance. These regulatory molecules that 
are expressed by immune system cells, malignant 
cells and cells of the tumor microenvironment 
are termed immune checkpoints. Receptors 
encompassed under B7:CD28 family are key 
players in modulation of T-cell function. CD28 
is a constitutive co-stimulatory receptor impli-
cated in T-cell activation. The inter-related B7 
family of ligands includes B7-1 (CD80), B7-2 
(CD 86), PD-L1 (B7-H1), PD-L2 (B7-DC), 
ICOS ligand, B7-H3 and B7-H4 [21,22].
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CTLA-4 is an inhibitory receptor induced 
upon activation of CD4+ and CD8+ T cells, but 
also expressed by memory and regulatory T cells. 
It competes with higher binding affinity with the 
stimulatory receptor CD28 for common ligands 
of the B7 family (B7-1 or CD80 and B7-2 or 
CD86), expressed by APCs. CTLA-4/B7 inter-
action results in suppression of T cell, a pro-
cess that occurs early during the priming phase 
of T-cell stimulation and antigen exposure in 
lymphoid tissue [20–22].

PD-1 is also an inhibitory receptor expressed 
by effector T cells. PD-1 interacts with the 
B7-family ligands PD-L1 and PD-L2. PD-L1 
is expressed in B, T, myeloid and dendritic 
cells, as well as in nonhematopoietic cells 
and is involved in evasion of T-cell-mediated 
responses by tumors, while PD-L2 expres-
sion is limited to macrophages and dendritic 
cells  [20,21]. Differently from CTLA-4, PD-1 
is expressed by antigen-exposed T cells dur-
ing the effector phase of T-cell activation pre-
dominately in peripheral tissues and tumor 
microenvironment [20,21].

Other molecules with inhibitory effects 
include B- and T-cell attenuator (BTLA), a 
CD28 homolog and LAG3. More recently, a 
distinct subtype of inhibitory co-signaling mol-
ecules has been described independently by dif-
ferent authors, and named VISTA or PD-1H, 
expanding the milieu of targets to be explored 
in this increasingly complex, yet exciting 
landscape [23–25].

Conversely, stimulatory receptors involved in 
perpetuation and amplification of the immune 
response include inducible T-cell costimula-
tor (ICOS), a distinct CD28 homolog and the 
TNF/TNF receptor (TNFR) family mem-
bers, which comprises CD27/CD70, CD134 
(OX40)/OX40L, CD137 (4-1BB)/4-1BBL, 
HVEM/LIGHT, CD30/CD30L and GITR/
GITRL. These co-stimulatory molecules are 
involved in T-cell survival following initial acti-
vation, and therefore at distinct juncture from 
CD28 [15,17,26].

Blockade of both CTLA-4 and PD-1 using 
monoclonal antibodies has resulted in antitu-
moral effects in patients with melanoma and 
other malignancies, and results of clinical trials 
in patients with melanoma will be discussed in 
the following sections. Nevertheless, additional 
targets involved in modulation of antitumoral 
immune response are under development and 
could potentially improve the results.

Blocking CTLA-4
As discussed, CTLA-4 is a checkpoint molecule 
upregulated in activated CD4+ and CD8+ T cells 
a blockade of CTLA-4 leads to mitigation of 
T-cell suppressive signals [19,21,27].

Different agents targeting CTLA-4 were stud-
ied in clinical trials, with variable results. The 
most successful anti-CTLA agent, ipilimumab, 
a fully human IgG1 monoclonal antibody, 
resulted in overall survival benefit in both pre-
treated and treatment-naive patients with meta-
static melanoma in different randomized, Phase 
III clinical trials [6,7]. ipilimumab was approved 
by the FDA for the treatment of patients with 
advanced melanoma in 2011 (Table 1).

In the Phase III landmark study by 
Hodi et al., 676 pretreated patients were rand-
omized in this three-arm study to receive ipili-
mumab 3 mg/kg every 3 weeks for four doses 
(weeks 1, 4, 7, and 10; n = 137), ipilimumab 
in combination with gp100, a peptide vaccine 
(n = 403), or gp100 alone (n = 136) [6]. Patients 
with stable disease for at least 3 months after 
week 12 or a confirmed partial or complete 
response were offered additional courses of 
therapy (re-induction) with their assigned 
treatment regimen at the time of progression. 
ipilimumab alone resulted in superior overall 
response rates (ORR: 10.9% ipilimumab alone 
vs 5.7% ipilimumab + gp100 vs 1.5% gp100 
alone) and overall survival (OS; 10.1 months 
ipilimumab alone vs 10.0 months ipilimumab 
+ gp100 vs 6.4 months gp100 alone; HR for 
death in the comparison between ipilimumab 
alone and gp100 alone: 0.66; p = 0.003). There 
was no additional benefit from adding gp100 to 
ipilimumab alone (HR for death in the com-
parison between ipilimumab alone and ipili-
mumab + gp100: 1.04; p = 0.76). Of note, 21 
out of 31 (68%) of the patients who met crite-
ria for re-induction with ipilimumab achieved 
disease control (objective response or stable 
disease). Grade 3 or 4 immune-related adverse 
events occurred in 10–15% of patients treated 
with ipilimumab and in 3% treated with gp100 
alone, and most often affected the skin and the 
GI tract. In total, 14 deaths (2.1%) occurred 
and were related to the study drugs, and seven 
were associated with immune-related adverse 
events [6]. Although positivity for HLA-A*0201 
was mandatory for all patients included in 
this Phase III study due to the use of the 
HLA-A*0201-restricted gp100 vaccine, a subse-
quent analysis of patients receiving ipilimumab 
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in Phase II trials suggested that outcomes were 
similar regardless of HLA-A*0201 status [33].

A second Phase III study randomized treat-
ment-naive patients in a 1:1 ratio to receive ipili-
mumab 10 mg/kg plus dacarbazine (n = 250) 
or placebo plus dacarbazine (n = 252) at weeks 
1, 4, 7 and dacarbazine alone subsequently [7]. 
Maintenance doses of ipilimumab every 12 weeks 
starting at week 24 were recommended for those 
with stable disease or objective response during 
the induction phase and without dose-limiting 
adverse events at week 24. ipilimumab combined 
with dacarbazine resulted in prolonged over-
all survival in comparison to control (median 
OS: 11.2 months vs 9.1; HR for death: 0.72; 
p < 0.001). Although there were no differences 
in ORR (15.2 vs 10.3%; p = 0.09), median dura-
tion of response was significantly higher in the 
ipilimumab-containing arm (19.3 vs 8.1 months; 
p = 0.03). Grade 3 or 4 adverse events occurred 
in 56.3% of patients treated with ipilimumab 
plus dacarbazine, but there were no treatment-
related deaths. A remarkably high incidence of 
elevations in alanine aminotransferase (33.2% 
any grade; 21.9% grade 3/4) and aspartate ami-
notransferase levels (29.1% any grade; 18.2% 

grade 3/4) was observed in the group receiv-
ing ipilimumab, which could be attributed to 
the concurrent use of dacarbazine [7]. Whether 
concomitant dacarbazine modified the occur-
rence of other immune-related adverse events is 
somewhat unclear, but some side effects, such as 
endocrinopathy, appear lower when dacarbazine 
was given with ipilimumab in this study.

Long-term results of Phase III clinical trial 
of ipilimumab in treatment-naive patients were 
recently published by Maio et al. [9]. The 5-year 
survival rate was 18.2% for patients treated 
with ipilimumab and dacarbazine and 8.8% for 
patients treated with placebo plus dacarbazine. 
Noteworthy, a plateau in the survival curve was 
seen beyond 3 years; in the original publica-
tion by Robert et al., OS rates at 2 and 3 years 
for patients treated with ipilimumab were 28.5 
and 20.8%, respectively  [7] and, in the study 
by Hodi et al., 21.6 and 23.5% at 2 years for 
ipilimumab plus gp100 and ipilimumab alone 
arms, respectively  [6]. In a pooled analysis of 
1861 patients treated with ipilimumab in 12 dif-
ferent studies, Hodi et al. reported patients with 
sustained responses extending through 10 years. 
In line with previously published data, median 

Table 1. Select randomized trials investigating immune checkpoint blockers in melanoma.

Author Year Phase Setting n Treatments ORR (%) mOS (months) Ref.

Anti-CTLA-4 agents

Hodi et al. 2010 III Pretreated 676 Ipilimumab 3 mg/kg (A) vs 
ipilimumab 3 mg/kg + gp100 (B) 
vs gp100 (C)

10.9 (A) vs 
5.7 (B) vs 
1.5 (C)

10.1 (A) vs 10.0 
(B) vs 6.4 (C)

[6]

Robert et al. 2010 III Treatment-naive 502 Ipilimumab 10 mg/kg + DTIC vs 
placebo + DTIC

15.2 vs 
10.3

11.2 vs 9.1 [7]

Ribas et al. 2013 III Treatment-naive 655 Tremelimumab vs DTIC or TMZ 10.7 vs 
9.8

12.6 vs 10.7 [28]

Anti-PD-1 agents

Robert et al. 2014 I randomized Pre-treated with 
anti-CTLA-4

173 Pembrolizumab 2 vs 10 mg/kg 26 vs 26 NR [29]

Weber et al. 2014 III Pre-treated with 
anti-CTLA-4

370 Nivolumab 3 mg/kg vs CT 32 vs 11 NA [30]

Robert et al. 2015 III Treatment-naive 418 Nivolumab 3 mg/kg vs DTIC 40 vs 13.9 NR vs 10.8 [8]

Robert et al. 2015 III Up to one prior 
systemic treatment

834 Pembrolizumab 10 mg/kg every 
2 weeks vs every 3 weeks vs 
ipilimumab 3 mg/kg

33.7 vs 
32.9 vs 
11.9

NR [31]

Anti-PD-1 in combination with anti-CTLA-4

Postow et al. 2015 II randomized Treatment-naive 142  
(109 BRAF 
wild-type)

Ipilimumab 3 mg/kg + 
nivolumab 1 mg/kg followed 
by nivolumab 3 mg/kg vs 
ipilimumab 3 mg/kg+ placebo

61 vs 11† NR  [32]

†Among patients with BRAF wild-type tumors.
CT: Investigator’s choice of chemotherapy; DTIC: Dacarbazine; mOS: Median overall survival; NA: Not available or not reported; NR: Not reached; ORR: Overall response rate 
(complete response + partial response); TMZ: Temozolomide.
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OS for patients treated with ipilimumab was 
11.4 months and a plateau in OS was observed 
after year 3, with a 3-year OS rate of 22% [34].

Although ipilimumab was approved by the 
FDA at a dose of 3 mg/kg given every 3 weeks 
for four induction doses, the optimal dose of 
ipilimumab and the role of maintenance therapy 
are still points of controversy. In the previously 
discussed Phase III trials, ipilimumab was used 
at doses of 3 mg/kg and 10 mg/kg and com-
bined with different agents. Different doses of 
ipilimumab were investigated in a Phase II, dose-
ranging study. Two hundred and seventeen pre-
treated patients were randomized to ipilimumab 
10 mg/kg, 3 mg/kg or 0.3 mg/kg every 3 weeks 
for four cycles, followed by maintenance doses 
every 3 months [35]. A dose-dependent effect on 
response rates (primary end point) and incidence 
of immune-related adverse events was observed; 
objective responses occurred in 11.1% of patients 
treated at 10 mg/kg and only 4.2% at 3 mg/kg. 
In addition, median overall survival intervals 
were not significantly different across doses (11.4, 
8.7 and 8.6 months, respectively), although the 
study was not designed to detect differences in 
overall survival  [35]. Results of a randomized, 
Phase III trial comparing ipilimumab at 3 versus 
10 mg/kg are expected (NCT01515189).

Ipilimumab was also investigated in the adju-
vant setting for patients with completely resected 
melanoma in the EORTC 18071 Phase III 
trial  [36]. Nine hundred and fifty one patients 
were randomized in a 1:1 ratio to receive ipili-
mumab 10 mg/kg (n = 475) or placebo (n = 476) 
every 3 weeks for four doses, then every 3 months 
for up to 3 years until completion, disease 
recurrence or unacceptable toxicity. Although 
immature for overall survival analysis, the study 
showed an improvement in the primary end 
point of recurrence-free survival (RFS) after a 
median follow-up of 2.7 years (median RFS: 26.1 
vs 17.1 months; HR: 0.75; 95% CI: 0.64–0.90; 
p = 0.0013). Of note, while IFN is considered a 
valid option in the adjuvant setting, it was not 
included as a comparator arm in the EORTC 
18071 study. How ipilimumab performs against 
high-dose IFN is being investigated in a separate 
clinical trial (NCT01274338).

Tremelimumab, an IgG2 anti-CTLA-4 
monoclonal antibody, was also investigated in a 
Phase III clinical trial with 655 treatment-naive 
patients with melanoma  [28]. Tremelimumab 
at a dose of 15 mg/kg given every 90 days 
was not superior to standard chemotherapy 

(temozolomide or dacarbazine) in terms of OS 
(median OS: 12.6 vs 10.7 months; p = 0.127) or 
response rate (10.7 vs 9.8%), although duration 
of response was significantly longer with tremeli-
mumab (35.8 vs 13.7 months; p = 0.0011). Since 
the response rate and duration of response with 
tremelimumab resemble that of ipilimumab, it 
remains unknown as to why no overall survival 
benefit was seen in this study. It is possible that 
any difference in overall survival was not able 
to be detected due to patients initially assigned 
to the chemotherapy arm ultimately receiving 
ipilimumab in subsequent trials.

Blocking PD-1 & PD-L1
PD-1 or CD279 is an alternative T-cell costimu-
latory receptor expressed by activated T cells, 
B cells and myeloid cells [20,37–38]. PD-1 binds to 
two distinct specific ligands, PD-L1 and PD-L2. 
PD-1 ligands are expressed by the tumor micro-
environment, malignant cells and APCs  [14,15], 
and the interaction between PD-L1 and PD-1 
results in dowregulation of T-cell activation, pro-
viding the rationale for the development of agents 
targeting both PD-1 and PD-L1 [39,40]. Based on 
unprecedented results across different trials, the 
anti-PD-1 monoclonal antibodies nivolumab 
(BMS-936558) and pembrolizumab (MK-3475) 
were approved by the FDA in 2014 (Table 1), and 
different compounds targeting PD-1 (pidili-
zumab) and PD-L1 (MDPL3280A; MEDI4736; 
BMS-936559) are under clinical development in 
melanoma and other malignancies.

In a Phase I study that enrolled 296 patients 
with distinct malignancies treated with 
nivolumab, objective responses occurred in 28% 
of the patients with advanced melanoma, and 
significant activity was also observed in patients 
with non-small-cell lung cancer and renal cell 
carcinoma  [41]. In a subsequently published 
update limited to 107 patients with advanced 
melanoma treated with nivolumab, median 
overall survival was 16.8 months, with a 2-year 
overall survival rate of 43%. In total, 31% 
of the patients had an objective response and 
durable responses occurred across all nivolumab 
doses (0.1–10 mg/kg). Patients treated with 
the recommended dose for further develop-
ment, 3 mg/kg given every 2 weeks, showed an 
impressive ORR of 41%  [42]. Updated results 
presented by Hodi et al. suggested a median OS 
of 20.3 months in this cohort [43].

In an open-label, randomized, Phase III 
study involving patients with melanoma who 
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progressed on or after anti-CTLA-4 (and a 
BRAF inhibitor, in case of patients with tumors 
harboring BR AF mutations), nivolumab 
3  mg/kg every 2 weeks (n  =  268) was com-
pared with investigator’s choice of chemo-
therapy (n = 102)  [30]. Nivolumab was associ-
ated with a higher rate of objective response 
in comparison to chemotherapy (32 vs 11%), 
with a median time to response of 2.1 months 
(range: 1.6–7.4 months). Reductions of ≥50% 
in target lesion burden occurred in 82% (31/38) 
of nivolumab responders and 60% (3/5) of 
responders in the investigator’s choice of chem-
otherapy arm. Of note, nivolumab resulted in 
less grade 3 or 4 adverse events in comparison 
to chemotherapy (9 vs 31%), and there were no 
treatment-related deaths [30].

Results of a large Phase III, placebo-controlled 
trial including 418 treatment-naive patients 
were recently published by Robert  et  al.  [8]. 
Patients with advanced melanoma without 
BRAF mutations were randomized to receive 
nivolumab 3  mg/kg every 2 weeks or dacar-
bazine 1000 mg/m2 every 3 weeks. Nivolumab 
resulted in a 58% reduction in the risk of death, 
with 1-year overall survival rate of 72.9% as 
compared with 42.1% in the dacarbazine arm 
(HR for death: 0.42; 99.79% CI: 0.25–0.73; 
p < 0.001). Nivolumab also resulted in increased 
PFS (median PFS: 5.1 vs 2.2 months; HR: 0.43; 
95% CI: 0.34–0.56; p < 0.001) and higher ORR 
(40 vs 13.9%; odds ratio: 4.06; p < 0.001). 
Of note, grade 3 or 4 adverse events were less 
common in patients treated with nivolumab 
(grade 3/4 AE rate 11.7 vs 17.6%) [8].

Pembrolizumab (previously named lambroli-
zumab and MK-3475), a distinct anti-PD-1 
agent, was extensively studied in multicohort 
Phase I trials. Hamid  et  al. initially investi-
gated pembrolizumab at doses of 2 mg/kg 
every 3 weeks and 10 mg/kg given every 2 or 
3 weeks in a nonrandomized fashion in the 
KEYNOTE-001 trial [44]. Objective responses 
occurred in 38% of 135 included patients (both 
ipilimumab-naive and ipilimumab-pretreated). 
Grade 3 or 4 adverse events occurred in 13% of 
the patients. In a subsequent cohort of the same 
KEYNOTE-001 Phase I trial [29], 173 patients 
with prior progression on ipilimumab were ran-
domized to receive pembrolizumab at 2 mg/kg 
every 3 weeks or 10 mg/mg every 3 weeks. 
ORR was 26% at both doses after a median 
follow-up of 8 months, with no difference in 
OS (estimated OS at 1 year: 58 vs 63%, 95% CI: 

0.68–1.75). In the expansion cohort of the same 
trial including a total of 411 patients, pembroli-
zumab resulted in objective responses in 40% of 
the ipilimumab-naive patients and 28% in ipili-
mumab-pretreated patients [45]. Pembrolizumab 
was also shown to be superior to ipilimumab 
in the recently published KEYNOTE-006 
study  [31]. In this Phase III trial, 834 patients 
with unresectable stage III or IV melanoma and 
less than two prior systemic treatments (65.8% 
treatment-naive) were randomized to pembroli-
zumab 10 mg/kg every 2 weeks, pembrolizumab 
10 mg/kg every 3 weeks or four doses of ipili-
mumab 3 mg/kg every 3 weeks. The estimated 
6-month PFS rates were 47.3% for pembroli-
zumab every 2 weeks, 46.4% for pembrolizumab 
every 3 weeks and 26.5% for ipilimumab (HR 
for disease progression: 0.58; p < 0.001 for both 
pembrolizumab regimens vs ipilimumab); objec-
tive responses occurred in 33.7, 32.9 and 11.9% 
of patients in each treatment arm, respectively 
(p < 0.001 for both comparisons). More impor-
tantly, pembrolizumab also resulted in higher 
12-month survival rates (74.1% for pembroli-
zumab every 2 weeks, 68.4% for pembrolizumab 
every 3 weeks and 58.2% for ipilimumab) and 
less grade 3–5 adverse events (13.3 and 10.1% 
with pembrolizumab, 19.1% with ipilimumab). 
The two pembrolizumab schedules resulted in 
similar efficacy and the trial was stopped after 
an interim analysis due to significant improve-
ment in survival [31]. It is important to highlight 
that pembrolizumab was used at variable doses 
and schedules across different trials, ranging 
from 2 mg/kg every 3 weeks to 10 mg/kg every 
2 weeks, apparently with very similar results, 
and the current dose approved by the FDA is 
2 mg/kg every 3 weeks.

Pidilizumab, a different PD-1 blocker, was 
also studied in patients with melanoma in a 
Phase II study with 106 patients (51% ipili-
mumab-pretreated). Though response rate was 
low at 5.9%, OS rates at 12 months were similar 
to pembrolizumab and nivolumab (64%) [46].

Blockade of PD-L1 was also shown to result 
in antitumoral activity in early-phase clinical 
trials  [47,48]. MDPL3280A, a monoclonal anti-
body that blocks the ligand PD-L1, resulted 
in objective responses in multiple tumor types 
including melanoma in a Phase I, dose escala-
tion study. The same drug was investigated in 
45 patients with locally advanced or metastatic 
melanoma  [49]. Objective responses occurred 
in nine out of 35 patients evaluable for efficacy 
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(ORR: 26%). Grade 3/4 adverse events occurred 
in 33% of the patients [49]. MEDI4736, also a 
monoclonal antibody targeting PD-L1, is cur-
rently being investigated in a Phase I clinical 
trial (NCT01693562) and preliminary results 
suggested a disease control rate (partial response 
+ stable disease for at least ≥12 weeks) in 46% 
of the patients [50].

Incidence & management of toxicities 
associated with immune checkpoint 
blockers
Anti-CTLA-4 and anti-PD-1 agents result in 
adverse events that are diverse from those observed 
with conventional cytotoxic therapies. Since the 
physiologic purpose of immune checkpoints is to 
promote tolerance to self antigens and prevent 
autoimmunity [18,20], the use of immune check-
point blockers can result in immune-mediated 
adverse events that mimic idiopathic auto-immune 
conditions and other T-cell-mediated disorders. 
These immune-related adverse events (irAE) 
occur at variable rates and severity (Table 2), and 
result from inflammatory infiltration of the skin 
(pruritus, rash), GI tract (enterocolitis), endocrine 
organs (thyroiditis, hypophysitis, pancreatitis), 
liver (hepatitis, elevated AST/ALT), lungs (pneu-
monitis), eyes (uveitis), among other less common 
irAE [51]. While most irAE are of grades 1 and 2, 
rare complications include bowel perforation due 
to colitis, death due to severe pneumonitis and 
permanent hypopituitarism requiring lifelong 
hormonal replacement therapy [52].

Although these irAEs can occur at any point 
during treatment with immune checkpoint 
blockers, the patterns of different manifesta-
tions of irAE are most familiar with ipilimumab; 
onset of cutaneous, gastrointestinal/hepatic and 
endocrine irAE usually occurs after 2–3 weeks, 
6–7 weeks and 9 weeks, respectively [51]. In the 
Phase III trial by Hodi et al., for example, all the 
irAE occurred during the induction or re-induc-
tion phases with ipilimumab, suggesting that 
these complications usually do not develop long 
periods after discontinuation of the drugs [6].

Since these are immune-mediated events, the 
use of steroids, antagonists of TNF-α (inflixi-
mab) and other immunosuppressive agents has 
been used with clinical success in some (but not 
all) situations [51,54]. In a cohort of 25 patients 
who developed ipilimumab-related hypophysitis, 
high-dose steroid therapy was not associated with 
increased resolution, suggesting that permanent 
hormone therapy may be required [55]. Ta
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Guidelines are available to aim decisions and 
a detailed description is outside the scope of 
this review  [51,54]; nevertheless, early detection 
followed by optimized medical management is 
essential in preventing serious immune-related 
complications. Of note, use of corticosteroids 
for the management of irAE has not been asso-
ciated with changes in survival or duration of 
response to ipilimumab, but this observation 
needs further validation [56,57].

Patterns of response with immune-
checkpoint blockers
Preliminary observations from patients in early-
phase clinical trials investigating ipilimumab 
suggested that a subset of patients could develop 
patterns of response with immunotherapies dis-
tinct from those observed with conventional 
cytotoxic agents, with delayed responses occur-
ring after variable intervals of stable disease or 
even progression [58].

Due to these atypical presentations, 
Wolchok  et  al. first proposed the immune-
related response criteria (irRC) in an effort to 
standardize the assessment and capture atypical 
kinetics of response in these patients [59], which 
differ from the standard RECIST [60] or WHO 
response criteria for solid tumors (Table 3). One 
key component is the tolerance to new lesions 
and requirement of repeat imaging after at least 
4 weeks for confirmation of response or progres-
sion. New lesions are added to the total sum of 

target lesion measurements, and are not suffi-
cient to qualify as progression of disease. The 
irRC criteria were applied to 227 patients treated 
with ipilimumab in a Phase II study; 9.7% of the 
patients initially characterized as having progres-
sion of disease as per standard criteria eventually 
showed response to ipilimumab  [59]. Similarly, 
in an analysis of long-term survivors following 
treatment with ipilimumab, 25% of the patients 
alive at 4 years had progression of disease as best 
response based on standard criteria [61].

Data in this regard are limited for patients 
treated with anti-PD-1 agents. Nevertheless, sim-
ilar patterns of response have also been reported. 
For example, in the randomized cohort of the 
previously discussed KEYNOTE-001 trial, 19% 
of the patients treated with pembrolizumab and 
with progression of disease based on RECIST 
criteria were progression free at 6 months as per 
irRC [29].

Therefore, as per current standards and due 
to the possibility of responses of late onset, most 
guidelines and protocols allow for continuation 
of immune agents beyond initial progression as 
long as the patient remains clinically stable, with 
interval imaging after at least 4–6 additional 
weeks in order to confirm progression [59]. Most 
contemporary clinical trials incorporate irRC, in 
addition to standard criteria for response assess-
ment, and more robust validation of irRC crite-
ria should result from prospective trials. Patients 
that have symptomatic worsening of disease 

Table 3. Criteria for response assessment.

Category RECIST v1.1 criteria WHO criteria irRC criteria

Measurement of target lesions Unidimensional Bidimensional Bidimensional
Complete response Disappearance of all lesions (target 

and nontarget); lymph nodes must 
regress to <10 mm short axis; requires 
confirmation

Disappearance of all lesions, 
requires confirmation

Disappearance of all lesions, 
requires confirmation

Partial response ≥30% decrease in tumor burden 
compared with baseline; no new 
lesions or progression of nontarget 
lesions; requires confirmation

≥50% decrease in tumor 
burden relative to baseline; 
no new lesions or progression 
of nontarget lesions; requires 
confirmation

≥50% decrease in tumor 
burden relative to baseline; 
requires confirmation

Progressive disease ≥20% absolute increase in tumor 
burden relative to nadir; progression of 
nontarget lesions; appearance of new 
lesions

≥25% increase in tumor burden 
relative to nadir, unequivocal 
progression of nontarget lesions; 
appearance of new lesions

≥25% increase in tumor burden 
relative to nadir; new lesions 
added to tumor burden; 
requires confirmation

Stable disease Any response that does not meet 
criteria for complete response, partial 
response or progressive disease

Any response that does not meet 
criteria for complete response, 
partial response or progressive 
disease

Any response that does not 
meet criteria for complete 
response, partial response or 
progressive disease

Adapted with permission from [52].
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should be offered alternative treatment modali-
ties since the possibility of late benefit to immune 
checkpoint blockade after obvious progression 
unfortunately remains the exception.

Role of prognostic/predictive markers
Although several variables have been linked 
to response following treatment with immune 
checkpoint blockers and serve as potential bio-
markers, no factors can clearly predict response 
to these agents and tools to select patients who 
could benefit the most from these therapies 
remain needed.

In some trials of immunotherapeutic agents, 
immune-related adverse events have been 
associated with improved clinical outcomes 
[56,62–63]. In a recently published meta-analysis, 
Teulings  et  al. found an overall incidence of 
vitiligo 3.4% among 5737 patients treated with 
139 different immune therapies (not limited to 
immune checkpoint blockers) since 1995  [64]. 
Despite the low incidence, vitiligo develop-
ment was associated with superior PFS (HR: 
0.51; 95% CI: 0.32–0.82; p ≤ 0.005) and OS 
(HR: 0.25; 95% CI: 0.10–0.61; p ≤ 0.003) in 
27 studies reporting individual patient data [64].

In the peripheral blood of patients treated 
with anti-CTLA-4 therapy, a mild increase in 
absolute lymphocyte count above 1000 cells/μl 
following two doses of ipilimumab (at week 7) 
was associated with improved outcomes (p = 0.01 
for clinical benefit and p<0.001 for survival) [65], 
and a similar correlation was found for a lym-
phocyte count ≥1000 cells/μl at baseline  [66]. 
Eosinophils have similarly been positively asso-
ciated with ipilimumab outcomes [67]. CTLA-4 
blockade was also associated with upregulation 
of markers of CD4+ and CD8+ T-cell activa-
tion  [68]. More recently, Chakravarti  et  al. 
reported that increased CTLA-4 expression on 
tumor cells and on tumor-infiltrating lympho-
cytes (TIL) analyzed by immunohistochemis-
try on pretreatment of tumor samples correlated 
with poor outcomes in patients treated with 
ipilimumab [69].

In patients treated with anti-PD-1 agents, 
PD-L1 has been most extensively investigated 
as a possible biomarker  [70]. Correlative stud-
ies in the Phase I trial of nivolumab published 
by Topalian  et  al. initially showed no objec-
tive responses in patients with PD-L1 negative 
tumors (p = 0.006) [41]. Similarly, Herbst et al. 
recently reported responses to MDPL3280A, 
an anti-PD-L1 agent, were associated with 

high expression levels of PD-L1, particularly in 
tumor-infiltrating immune cells  [48]. However, 
larger analyses, while generally showing more 
favorable outcomes to PD-1 agents for patients 
whose tumors express PD-L1, indicate that 
PD-L1 is not a predictive biomarker. Patients 
with PD-L1 negative tumors can achieve sub-
stantial benefits from PD-1 approaches [8,70–71]. 
In a randomized Phase III trial, patients with 
PD-L1 negative tumors still achieved improved 
overall survival with nivolumab compared with 
dacarbazine chemotherapy. In addition, in a ran-
domized, Phase II trial comparing nivolumab 
in combination with ipilimumab to ipilimumab 
alone, objective response rate was independent of 
tumor PD-L1 status in the combination group 
(58 vs 55%)  [32]. Hence, although this a topic 
of ongoing research, neither PD-1 nor PD-L1 
expression levels in tumoral or immune cells can 
be used as dichotomous indicators for selection 
of patients for immune checkpoint blockade 
as per current standards. PD-L1 expression is 
inducible, and there may be great heterogeneity, 
even within an individual patient  [72]; moreo-
ver, there is no validated cut-off for positivity of 
PD-L1 expression and distinct antibodies have 
been used for immunohistochemical analyses, 
further complicating our understanding of this 
potential biomarker and limiting our ability to 
extract robust conclusions.

Significant efforts were made to character-
ize the intratumoral inflammatory infiltrate 
in patients treated with immune checkpoint 
blockade, particularly qualitative, quantitative 
and spatial variables of TIL. More recently, 
van Rooji et al. were able to correlate a tumoral 
neoantigen-specific T-cell activity with response 
to ipilimumab using whole-exome sequencing 
of tumor samples and TIL [73]. Using the same 
rationale, Snyder  et  al. used massive parallel 
sequencing of the exomes of patients treated 
with CTLA-4 blockade and demonstrated that 
the somatic mutational load was associated 
with improved benefit from therapy (p = 0.01). 
The authors also showed that specific tumor 
neoantigens were able to activate T cells [74].

Moreover, in a recently published study, high-
throughput sequencing of the variable β-chain 
of the TCR was used to characterize the expan-
sion and clonality of the T-cell repertoire and 
the effects of CTLA-4 and PD-1 blockade [75]. 
In patients treated with anti-CTLA-4 agents, 
there was a significant increase in number and 
complexity of TCR variants in peripheral blood 
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mononuclear cells during treatment, which was 
associated with toxicity. No obvious changes in 
the peripheral blood in TCR diversity were seen 
in patients treated with pembrolizumab [75].

In a broad analysis encompassing some of the 
variables and biomarkers previously described, 
Tumeh et al. analyzed samples of 46 patients 
treated with pembrolizumab and were able to 
demonstrate that responses correlated with pro-
liferation of intratumoral CD8+ T cells follow-
ing treatment, and also higher numbers CD8+, 
PD-1+ and PD-L1+ cells in baseline biopsies, but 
not with levels of CD4 expression at baseline [76]. 
Using similar techniques of next-generation 
sequencing of the variable β-chain of TCR, 
the authors also showed that a development of 
an intratumoral T-cell population less diverse 
in repertoire and more clonal in nature also 
correlated with response to PD-1 blockade [76].

Future perspective
As previously highlighted, despite the great 
excitement that emerged following the publi-
cation of recent studies, more than half of the 
patients with metastatic melanoma are expected 
to attain no significant reduction in the tumor 
burden when immune checkpoint blockers are 
used as single agents.

Different strategies to overcome resistance 
and enhance the activity of immunotherapies are 
under clinical development. In addition to the pre-
viously discussed monoclonal antibodies target-
ing PD-L1, agents targeting distinct checkpoints 
and molecules involved in immune response 
are being studied, including the co-stimulatory 
receptors OX40 (NCT01644968)  [77], CD137 
(NCT01471210), GITR (NCT01239134), CD27 
(alone – NCT01460134 or in combination with 
nivolumab – NCT02335918). Results of a Phase I 
trial investigating the anti-CD137 agonist mono-
clonal antibody urelumab (BMS-663513) were 
reported in 2008, showing three partial responses 
among 54 patients with advanced melanoma. 
Most frequent adverse events included fatigue, 
elevation of liver enzymes and neutropenia [78].

Combination strategies involving immune 
checkpoint inhibition with both anti-CTLA4 
and anti-PD-1 agents are also being extensively 
explored, and may shape the future of treatment 
for patients with advanced melanoma. In a Phase 
I study, 53 patients were treated with the combina-
tion of nivolumab and ipilimumab administered 
simultaneously every 3 weeks for four doses in 
dose-escalation cohorts, followed by single-agent 

nivolumab every 3 weeks for four doses and main-
tenance infusions every 12 weeks  [53]. Overall 
response rate of the combination among all drug 
levels was 40%; among patients who received the 
maximum acceptable doses (nivolumab 1 mg/kg 
and ipilimumab 3  mg/kg, objective responses 
occurred in nine of 17 patients (53%). Of note, 
the combination resulted in significant toxicity, 
and 53% of the patients developed grade 3 or 
4 adverse events  [53]. Updated results presented 
in 2014 showed a 2-year overall survival rate 
of 75%  [79]. More recently, the combination of 
nivolumab and ipilimumab was shown to result 
in higher response rates (61 vs 11%; p < 0.001) 
and prolonged PFS (not reached vs 4 months; 
HR: 0.40; 95% CI: 0.23–0.68; p < 0.001) in 
comparison to ipilimumab alone in BRAF V600 
wild-type tumors in a randomized, double-blind, 
Phase II trial [32]. The study included 142 previ-
ously untreated patients with metastatic melanoma 
(109 with BRAF wild-type and 33 with BRAF 
V600E mutation-positive tumors). Response 
rates were also higher among patients with BRAF 
mutation-positive tumors (52 vs 10%), with 22% 
of complete responses. Drug-related grade 3 or 
4 adverse events occurred more frequently in the 
combination group (54 vs 24%) [32]. Results of a 
large, randomized trial comparing nivolumab plus 
ipilimumab to nivolumab or ipilimumab alone are 
eagerly awaited (NCT01844505), and it is crucial 
to determine whether the concurrent administra-
tion of these agents will result in prolongation of 
survival.

The role of harnessing additional components 
and steps of the immune response is also being 
explored, and the modulation of mechanisms of 
response mediated by natural killer cells (NK) with 
monoclonal antibodies that target the KIR is also 
a promising strategy. The anti-KIR monoclonal 
antibody lirilumab is currently being studied in 
combination with ipilimumab (NCT01750580) 
and nivolumab (NCT01714739).

Talimogene laherparepvec (T-VEC) is an 
oncolytic immunotherapy derived from herpes 
simplex virus type-1 (HSV-1) capable of selec-
tively replicating within tumors and producing 
GM-CSF  [80,81]. In a Phase III trial, T-VEC 
+ GM-CSF compared with GM-CSF alone 
showed an increased durable response rate in 
patients treated with T-VEC  [82]. Updated sur-
vival analysis suggested a trend toward improved 
survival, although the difference did not reach 
statistical significance (median OS: 23.3 vs 
18.9 months; p = 0.06) [83]. In a Phase IB trial, 
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T-VEC was given intralesionally to 18 patients at 
weeks 1, 4 and then every 2 weeks in association 
with ipilimumab every 3 weeks starting at week 
6. Objective responses occurred in 41% of the 
patients, including 24% complete responses. Only 
two patients had possible immune-related grade 
3 or 4 adverse events. Correlative studies showed 
increased activated CD8+ T cells during T-VEC 
+ ipilimumab treatment [84].

A randomized Phase II trial compared ipili-
mumab 10 mg/kg to ipilimumab combined 
with subcutaneous GM-CSF  [85]. ipilimumab 
plus GM-CSF resulted in improved overall sur-
vival (HR: 0.65; stratified log rank p1 = 0.016; 
p2 = 0.033) in patients with melanoma, despite lack 
of improvement in response rates (11.3 vs 4.7%; 
not significant) or median PFS (3 vs 3.2 months; 
not significant)  [85]. Toxicity of ipilimumab 
+ GM-CSF was also lower than ipilimumab alone 
in this study, but whether these findings are gen-
eralizable to patients receiving 3 mg/kg of ipili-
mumab remains unknown. Ipilimumab was also 
combined with peg-IFN alfa-2b in a Phase I study. 
Among 30 patients evaluable for response, ORR 
was 46.7% and median OS was 16.6 months, with 
55.8% if the patients alive at 1 year [86].

It has also been shown that antigen release 
resulting from cell death and modulation of 
the tumor microenvironment could potentially 
enhance the antitumoral effect of immune check-
point blockers, providing a rationale for the com-
bination of anti-CTLA-4 and anti-PD-1 agents 
with conventional cytotoxic chemotherapies and 
targeted agents in patients with mutations involved 
in activation of the MAP kinase pathway, par-
ticularly BRAF mutations [87–89]. Unfortunately, 
the combination of ipilimumab and vemurafenib 
and ipilimumab with dabrafenib and trametinib 
resulted in significant side effects [90,91], but less 
is known about the safety and efficacy of regi-
mens containing nivolumab or pembrolizumab in 
combination with BRAF-targeted agents.

Our group previously reported the regression of 
distant metastases in a patient receiving radiation 
therapy during maintenance treatment with ipili-
mumab [92]. In this particular case, radiation ther-
apy induced a significant increment in the titer of 
epitope-specific antibodies and CD4+ T-cell acti-
vation in the setting of concurrent immune check-
point blockade. This so-called ‘abscopal effect’ 
could result from an increased antigen presenta-
tion within the tumor stroma result from direct 
damage induced by radiation therapy, providing 
a model in which complementary steps of the 
immune-mediated response are stimulated in a 
concurrent fashion. Additional prospective evalu-
ation is underway, and at this time, it remains 
unclear whether adding radiotherapy enhances 
clinical efficacy of immune checkpoint blockade.

In conclusion, despite the significant advances 
in the use and understanding of immune check-
point blockers, several topics remain unclear, 
including whether these preliminary results of 
combined approaches will lead to long-term bene-
fits, the optimal duration of agents targeting PD-1 
and the role of re-induction therapy for patients 
who had initial response. In addition, biomarkers 
and, more importantly, predictors of response are 
still far from standard clinical practice. Ongoing 
studies and the development of novel therapies tar-
geting immune checkpoints could help solve some 
of these questions and also expand the magnitude 
of benefit achieved with these strategies.
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