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Abstract: Cancer immunotherapy is now recognized to be fundamental in modern oncology, 

because immune system recruitment may represent a powerful and innovative strategy in cancer 

therapy. Pembrolizumab, a highly selective humanized monoclonal antibody directly blocking 

the interaction between programmed cell death-1 expressed by tumor-associated T-cells and its 

ligand programmed cell death-L1 present on tumor and stromal cells, was recently approved by 

US Food and Drug Administration for the treatment of patients with unresectable or metastatic 

melanoma and disease progression upon ipilimumab and BRAF inhibitor. This review will 

focus on the clinical development and use of pembrolizumab in the clinical practice and in the 

management of advanced melanoma.
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Introduction to therapy for advanced melanoma
Melanoma is among the less common but most deadly types of skin cancer. It arises 

from melanocytes and represents approximately 5% of all cancers. It has a strong 

tendency to give rise to distant metastases, most commonly to lymph nodes, skin, 

lungs, liver, or brain.1 Over the past decade, there has been a steady increase in the 

incidence of melanoma worldwide, mostly related to age but disproportionately high 

in young adults (15–34 years); survival rates have been continually improving for the 

last 30 years, with an overall 5-year survival rate of 81% for men and 90% for women, 

likely due to earlier diagnosis.2

Across the last decades, for patients with unresectable disease, traditional chemo-

therapy showed no evidence of survival benefit. Until 2009, patients with American 

Joint Committee on Cancer stage IV melanoma had very poor prognosis, with median 

survival of 8–10 months.3 Developments in basic and clinical research have led to 

the recent introduction of new and more effective therapies in metastatic melanoma, 

including treatments based on the stimulation of immune response and targeted thera-

pies. The prognosis of metastatic melanoma has recently changed due to strategies 

based on the immune system checkpoint inhibitor ipilimumab or several tyrosine 

kinase inhibitors, such as vemurafenib, dabrafenib, and trametinib.4–8 Vemurafenib and 

dabrafenib are selective inhibitors of BRAF V600 mutation (present in approximately 

50% of melanomas), which are approved by the major regulatory bodies for the treat-

ment of unresectable or metastatic melanoma with mutant BRAF V600.9,10 In pivotal 

Phase III trials, both inhibitors (independently administered) showed improved overall 

survival (OS), progression-free survival (PFS), and higher response rate compared 

with standard chemotherapy.4,5 Trametinib (an MEK inhibitor) was investigated in 

a randomized Phase III study as combination therapy with dabrafenib versus vemu-

rafenib and approved by US Food and Drug Administration (FDA) in 2013 for the 
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treatment of unresectable or metastatic melanoma harboring 

BRAF V600E or V600K mutations in combination with 

dabrafenib.11 Of note, trametinib also showed efficacy as 

monotherapy in another Phase III trial, but this compound 

is not currently used in this setting.6

Along with the development of BRAF and MEK inhibi-

tors, the immunotherapy approach was improved by the 

introduction of ipilimumab, which is a fully human IgG1 

monoclonal antibody eliciting antitumor T-cell-mediated 

response by interference with cytotoxic T-lymphocyte 

antigen-4 (CTLA-4). The drug has been approved for the 

treatment of metastatic melanoma, as achieved a statistically 

improvement in OS in two different randomized Phase III 

trials in pretreated and in treatment-naïve patients with meta-

static melanoma, without or in combination with standard 

chemotherapy, respectively (even though, the latter indica-

tion is not currently used).7,8

Unfortunately, despite the introduction of these thera-

peutic options, the prognosis of metastatic melanoma still 

remains very poor. Indeed, the response rate of BRAF inhibi-

tors exceeds 50%, but median duration of response does not 

achieve 1 year.4–6,10–15 Most patients who respond to therapy 

over time develop mechanisms of acquired/secondary resis-

tance, ultimately leading to progression of disease. In addition, 

approximately 15% of patients treated with BRAF inhibitors 

do not respond to treatment at all, likely due to intrinsic/

primary mechanisms of resistance.10,15 Conversely, immuno-

therapy can induce dramatic responses that are generally much 

more durable but unfortunately occur uncommonly (by far 

less than 50%).7,16,17 These data may indicate that the key to 

long-term tumor control can be obtained by immunotherapy, 

but strategies improving the likelihood of selecting patients 

benefiting from this therapy option need to be devised.

Cancer immunotherapy
Cancer immunotherapy is now recognized to be fundamental 

in modern oncology, because immune system recruitment 

may represent a powerful and innovative strategy in cancer 

therapy.18 Genetic mutations and alterations in regulatory 

processes of cancer cells lead to expression of various 

tumor-related antigens that can be presented to cytotoxic 

T-lymphocytes by antigen-presenting cells (APCs). In this 

process, pivotal is the role of T-lymphocytes in the distinction 

between “self” and “nonself” antigens, because immune cells 

have the potential to recognize cancer-related antigens as 

“nonself” thereby eradicating cancer cells.19,20 A major under-

standing of immune activation, especially T-lymphocyte 

activation, has identified multiple co-stimulatory and 

co-inhibitory pathways regulating this process.21 The two 

most important targets of immunotherapy are co-inhibitory 

receptors, such as CTLA-4 and programmed cell death-1 

(PD-1) receptor, expressed on the T-lymphocyte surface.21 

Both these co-inhibitory molecules serve to dampen the 

immune response, thus maintaining immunologic homeosta-

sis especially during antigen presentation to T-lymphocytes 

resulting from a balance of stimulating and inhibiting factors 

to avoid uncontrolled immune activation.20,21 Unfortunately, 

tumor cells are capable of expressing ligands, which interact 

with co-inhibitory receptors to ultimately suppress tumor 

immunity.20,22

In the setting of clinical cancer immunotherapy, CTLA-4 

and PD-1 were the first two immune checkpoints to be evalu-

ated, differing each other in the manner and level of nega-

tive regulation of immune system.22 Specifically, CTLA-4, 

expressed only on T-lymphocytes, regulates negatively these 

cells at the initial activation level by competing with co-

stimulatory molecule CD28 in binding B7.1 and B7.2 ligands. 

CTLA-4 has a greater affinity for these ligands and can also 

send independent inhibitory signals to T-lymphocyte.23–25 On 

the contrary, PD-1 regulates immunity at multiple phases of 

the immune response, including T-lymphocyte activity in 

peripheral tissues (Figure 1).25

This greater understanding of immune checkpoints 

favored the development of several immune checkpoint 

inhibitors. Ipilimumab (Yervoy®), an anti-CTLA-4 mono-

clonal antibody, was the first agent to demonstrate a survival 

benefit in patients with metastatic cutaneous melanoma and 

gained FDA approval in 2011.7 However, clinical experience 

on the use of ipilimumab showed a response rate of only 

10%–15% but improved OS, even though there were not 

negligible immune-related adverse events (diarrhea, colitis, 

and dermatitis) probably related to its role in the priming 

immune response phase.7,8 The lesson of CTLA-4 resulted 

in the development of other immune checkpoint inhibi-

tors, which could be more specific, equally efficacious and 

immunologically less toxic.20 Consequently, the block the 

PD-1 signaling pathway by monoclonal antibodies able to 

selectively restore antitumor immunity is another appealing 

strategy of therapy.

Pembrolizumab (Keytruda®), manufactured by Merck &  

Co. Inc. (Whitehouse Station, New Jersey, USA), was 

recently approved by FDA on September 4, 2014 for the treat-

ment of patients with unresectable or metastatic melanoma 

and disease progression following ipilimumab and, if BRAF 

V600 mutation positive, a BRAF inhibitor. This review will 

focus on the clinical development and use of pembrolizumab 
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in the clinical practice and in the management of advanced 

melanoma.

Mode of action and pharmacokinetics 
of pembrolizumab
Pembrolizumab is a potent and highly selective human-

ized monoclonal antibody of IgG4-kappa isotype, designed 

to directly block the interaction between PD-1 receptor, 

expressed on T-cells, and its ligands, PD-L1 and PD-L2, 

without antibody-dependent cell-mediated cytotoxicity or 

complement-dependent cytotoxicity. Pembrolizumab was 

generated by humanization of the parental murine anti-

human PD-1 antibody, with an engineered Fc region for 

stabilization.

Specifically, the PD-1 receptor is a cell surface receptor, 

belonging to the CD28 family of T-cell regulators, within 

the immunoglobulin superfamily of receptors.26 It is present 

on CD4− CD8− (double negative) thymocytes during thymic 

development and is expressed upon activation in mature 

hematopoietic cells, such as T-and B-cells, natural-killer 

cells, and monocytes, after prolonged antigen exposure.26 

Through its binding to PD-L1 and PD-L2, PD-1 receptor 

downregulates T-cell activation and proliferation, along 

with downregulation of the expression of the anti-apoptotic 

molecule Bcl-xL, cytokine expression, and the mTOR path-

way (Figure 2A).27,28 PD-1 receptor is highly expressed on 

tumor-infiltrating lymphocytes (TILs) in response to tumor 

antigen expression, and its binding to PD-L1 on either tumor 

cells or APCs, functions as an immune checkpoint to curb 

persistent immune response and thwarts potential injury to 

normal tissues.29

In particular, PD-1 is expressed on TILs of many types of 

cancers with its ligands (PD-L1 and PD-L2) also expressed 

in solid tumors (eg, melanoma, ovarian, lung, and renal car-

cinoma) and in different types of lymphoma, respectively.30,31 

Accumulating evidence showed, over the years, a correlation 

between the presence of TILs in cancer tissue and favorable 

prognosis in various malignancies. In particular, the presence 

Figure 1 CTLA-4 and PD-1 inhibitor mechanism after the activation of T-cells through their “primed” T-cell receptor, as well as a co-regulatory signal delivered by the B7 
family of receptors (immune checkpoints).
Notes: CTLA-4, up-regulated shortly after activation, negatively regulates T-cell activation, binding to B7 molecules on APCs surface, during the priming phase of T-cell 
response within the lymph nodes. B7 molecules binding to CD28, instead, generates the opposite, activating signals. During the effector phase of T-cell immune-response, 
PD-1 is expressed on T-cells and  binds to either of its ligands (PD-L1 or PD-L2), which are primarily expressed within inflamed tissues and the tumor microenvironment, 
resulting in inhibition of T-cell activity. Antibodies direct to CTLA-4 or PD-1/PD-L1 can activate T-cells with specificity for cancer cells.
Abbreviations: MHC, major histocompatibility complex; PD-1, programmed cell death-1; CTLA-4, cytotoxic T-lymphocyte antigen-4; TCR, T-cell receptor.
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of CD8+ T-cells and the ratio of CD8+ effector T-cells/FoxP3+ 

regulatory T-cells correlate with improved prognosis and 

long-term survival in solid malignancies such as ovarian, 

colorectal, and pancreatic cancer, hepatocellular carcinoma, 

melanoma, and renal cell carcinoma.32 However, expression 

of PD-1 and PD-L1 by TILs is associated with impaired 

effector function, namely, cytokine production and cytotoxic 

efficacy against tumor cells, and has been reported as related 

to poor outcome in several tumor types.33–38

Mechanisms that regulate tumor cell PD-L1 expression 

include the “innate immune resistance” and the “adaptive 

immune resistance” mechanisms being related, in the context 

of cancer immunology, to oncogenic signaling pathways in 

the microenvironment or the expression of tumor cell PD-L1 

induced in response to immune activity.39,40

Using the adaptive immune resistance, tumor cells 

take advantage of the PD-1/PD-L1 interaction that, under 

normal conditions, protects cells from immune-mediated 

harm. Inflammatory signals, such as interferons, produced 

by an active antitumor immune response, in the tumor 

microenvironment, can lead to increased expression of 

PD-L1, which, in turn, protects the tumor cells.22,38 In addi-

tion, chronic antigen exposure can lead to persistent and 

enhanced PD-1 expression, leading to a change of the dura-

tion of T-lymphocyte–APC interaction and to T-lymphocyte 

anergy or exhaustion.22,41 Expression of PD-L1 has been cor-

related with prognosis in many types of cancer, supporting 

the hypothesis that PD-L1 expression may be a mechanism 

for tumor immune evasion.42–44 Interruption of interaction 

between PD-1 and its ligands is the molecular mechanism 

on the basis of pembrolizumab action.

Pembrolizumab is actually used for treatment of patients 

with unresectable or advanced melanoma, refractory to 

ipilimumab, as approved by FDA in September 2014. Bind-

ing to the PD-1 receptor and, consequently, blocking its 

interaction with ligands, PD-L1 and PD-L2, it releases PD-1 

pathway-mediated inhibition of the immune response, includ-

ing the antitumor immune response (Figure 2B). In practice, 

blocking PD-1 activity is believed to prevent inhibition of 

T-cell immune surveillance of tumors and, in some models, 

has resulted in decreased tumor growth.

Anti-PD-1 antibody pembrolizumab was tested in clinical 

studies in patients with advanced melanoma, and an overall 

median PFS, longer than 7 months, and a sustained tumor 

regression were reported.45 The first dose-escalation Phase I 

study, involving patients with solid tumors, showed the serum 

concentrations of pembrolizumab, in samples obtained before 

and after administration of the drug, lower, by a factor of 

approximately 5 in patients receiving 2 mg/kg every 3 weeks, 

than in those receiving 10 mg/kg every 3 weeks.46 Steady state 

through concentrations resulted 20% greater in the patients 

receiving 10 mg/kg every 2 weeks than in those receiving the 

same dose every 3 weeks; moreover, the increase in trough 

serum concentrations over time was consistent with the 

half-life of pembrolizumab of approximately 2–3 weeks.46 

Pembrolizumab has been approved for intravenous injection 

Figure 2 Tumor cell capable of resisting the immune system by expressing ligands PD-L1/PD-L2 which interact with their co-inhibitory receptor PD-1 in order to suppress 
tumor immunity with a consequent tumor growth (A). Pembrolizumab action mechanism, according to which this anti-PD-1 antibody blocks the interaction between PD-1 
and its ligands PD-L1 and PD-L2 by binding to PD-1 receptor with a consequent anti-tumor growth (B).
Abbreviations: MHC, major histocompatibility complex; PD-1, programmed cell death-1; TCR, T-cell receptor.
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at 2 mg/kg every 3 weeks, since there did not appear to be 

significant differences between the dosages and schedules 

evaluated. Elimination half-life of this agent is 26 days, and 

so far, no clinically important differences have been noted 

in its clearance in patients with renal impairment or mild 

hepatic impairment.

Clinical trials – efficacy
Pembrolizumab, as an anti-PD-1 monoclonal antibody, has 

demonstrated its useful activity in initial clinical trials for the 

treatment of patients with advanced melanoma evaluated in 

both ipilimumab-naïve and previously treated patients, con-

tributing to its approval.45,47,48 On September 4, 2014, in fact, 

this promising PD-1, PD-L1/PD-L2 axis blocker received 

regulatory FDA approval for patients with melanoma disease 

progression following ipilimumab treatment and, if a BRAF 

V600 mutation is present, with a BRAF inhibitor.

In the first Phase I study, the KEYNOTE-001 trial, 135 

patients with measurable metastatic or locally advanced 

unresectable melanoma were treated with pembrolizumab at a 

dosage of 10 mg/kg every 2 weeks, 10 mg/kg every 3 weeks, 

or 2 mg/kg every 3 weeks.45 Exclusion criteria were adopted 

regarding to melanoma of ocular origin, before treatment with 

PD-1/PD-L1 blocking agents, current immunosuppressive 

therapy, infection or autoimmune disease. Of all patients, 

69% had progressed following treatment with ipilimumab, 

other immunotherapy, BRAF inhibitor, or chemotherapy; 

31% had not received before systemic therapy. Response 

Evaluation Criteria in Solid Tumors (RECIST), version 1.1, 

revealed a response rate of 38% across all dosing cohorts, 

a result that did not differ in patients before treatment with 

ipilimumab (38%) compared with those who had not (37%). 

The highest response rate (52%) was noted in patients who 

had been treated with 10 mg/kg every 2 weeks. Median PFS 

was .7 months, with 81% of patients alive at 1 year after 

starting treatment. Overall, the drug was well tolerated, with 

some drug-related adverse events (79% of patients), of which 

66% were grade 1–2.

Subsequently, Robert et al published the results of an 

open-label, international, multicenter expansion cohort of 

KEYNOTE-001 study,47 in which eligible patients (progres-

sion of disease despite treatment with ipilimumab or a tar-

geted kinase inhibitor) were randomized to pembrolizumab 

2 or 10 mg/kg intravenously every 3 weeks until progression 

or intolerable toxicity. Patients with severe immune-related 

disease, those requiring immunosuppression, and those 

with a history of severe immune-related adverse effects to 

ipilimumab were excluded from randomization. The primary 

outcome, overall response, was evaluated by both RECIST 

and the investigator-approved immune-related response 

criteria. Secondary endpoints were evaluation of response 

duration, PFS, and OS. Finally, adverse events were broadly 

assessed to provide relevant side effect information that could 

be attributed to immune-based therapy. There was no signifi-

cant difference in the safety profile, and the drug was well 

tolerated overall, with drug-related adverse events in 82% of 

each cohort patients, although only 12% presented grade 3 

or 4 drug-related adverse events. By independent central 

review using RECIST, median PFS in the 2 mg/kg group 

was 22 and 14 weeks in the 10 mg/kg group. However, when 

assessed by immune-related response criteria, median PFS 

increased to 31 weeks in the 2 mg/kg treatment group and 

35 weeks in the 10 mg/kg treatment group, suggesting that 

the conventional use of RECIST for assessing immune-based 

therapeutic response may underestimate actual therapeutic 

benefits. Kaplan–Meier estimated OS at 1 year was 58% in 

the 2 mg/kg treatment group compared with 63% with higher 

dose assigned group.

In the KEYNOTE-002 trial, 540 patients with ipilimumab-

refractory advanced melanoma were randomly assigned to 

pembrolizumab (2 mg/kg every 3 weeks and 10 mg/kg every 

3 weeks) or chemotherapy (carboplatin plus paclitaxel, pacli-

taxel alone, dacarbazine, or temozolomide per institutional 

standard).49 PFS assessed was significantly improved with 

both pembrolizumab treatment regimens compared with 

chemotherapy. The 6-month PFS were 34%, 38%, and 16% 

for pembrolizumab 2 mg/kg, 10 mg/kg, and chemotherapy, 

respectively. The objective response rates were 21%, 26%, 

and 4%, respectively, for pembrolizumab 2 mg/kg, 10 mg/kg, 

and chemotherapy. Treatment was relatively well tolerated, 

with grade 3–5 adverse events reported in 11% and 14% of 

the pembrolizumab treatment arms, and 26% of those man-

aged with chemotherapy.

Recently, Tumeh et al reported sustained tumor regres-

sion in 38% of patients in a multi-institutional, international 

Phase I expansion study, evaluating the safety and the clini-

cal activity of pembrolizumab in 46 patients with advanced 

melanoma.50 In this study, it was shown that preexisting 

CD8+ T-cells, distinctly located at the invasive tumor margin, 

are associated with expression of the PD-1/PD-L1 immune 

inhibitory axis and may predict response to therapy. Spe-

cifically, in serially sampled tumors, patients responding to 

treatment showed proliferation of intratumoral CD8+ T-cells 

that, directly, correlated with radiographic reduction in tumor 

size. Using a multivariate analysis, Tumeh et al established 

a predictive model based on CD8 expression at the invasive 
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margin, indicating that tumor regression, after therapeutic 

PD-1 blockade, requires preexisting CD8+ T-cells that are 

negatively regulated by PD-1/PD-L1-mediated adaptive 

immune resistance.50

A more recent randomized, pivotal Phase III study, 

KEYNOTE-006, investigating pembrolizumab compared 

to ipilimumab, in the first-line treatment of patients with 

unresectable stage III or IV advanced melanoma, was stopped 

early, because it met its two primary endpoints of PFS and 

OS. In KEYNOTE-006, pembrolizumab demonstrated a 

statistically significant and clinically meaningful improve-

ment in OS and PFS compared with ipilimumab. The study 

randomized 834 patients to receive pembrolizumab 10 mg/kg 

every 3 weeks, pembrolizumab 10 mg/kg every 2 weeks, or 

four cycles of ipilimumab 3 mg/kg every 3 weeks. The co-

primary endpoints were PFS and OS; secondary endpoints 

were overall response rate, duration of response, and safety, 

with an exploratory analysis for health-related quality of 

life. Tumor response was assessed at week 12, then every 

6 weeks thereafter per RECIST 1.1 by independent, central, 

blinded radiographic review and investigator-assessed, 

immune-related response criteria. The safety profile of 

pembrolizumab in this trial was similar to the safety profile 

previously reported in advanced melanoma.

Clinical trials – safety and 
tolerability
Although pembrolizumab has been studied at three different 

dosing schedules detailed above, it has been approved for 

intravenous injection at 2 mg/kg every 3 weeks, since there 

did not appear to be significant differences between the 

dosages and schedules evaluated. Half-life of elimination 

for this agent is 26 days, and to date, no clinically relevant 

differences have been noted in its clearance in patients with 

renal or mild hepatic impairment.

As mentioned above, the drug is generally well tolerated 

with the vast majority of patients reporting reversible grade 

1 or 2 drug-related adverse events, corroborating previously 

published data that showed a good tolerability and safety for 

those patients treated with anti-CTLA-4 therapy, such as 

ipilimumab, with a safety profile similar to that reported for 

ipilimumab-naïve patients.45,51 Diarrhea, endocrine adverse 

events, skin toxicity, myalgia, arthralgia, pyrexia, and fatigue 

were reported their treatment should include symptom man-

agement for mild events and the use of steroids in case of 

severe events.45,51,52

Adverse events of particular interest reported in litera-

ture data were of an inflammatory or autoimmune nature, 

including hypothyroidism, hepatic transaminitis, and 

pneumonitis.45 However, although uncommon, these severe 

adverse events of potential immune cause were successfully 

managed with treatment interruption or immunosuppressive 

therapy or both. In addition, the overall safety profile was 

similar in the 2 mg/kg of 10 mg/kg groups, and no deaths due 

to drug-related adverse events were reported.45,47 As a result, 

according to literature data, pembrolizumab, at both doses 

every 3 weeks, represents an effective treatment option not 

only for those patients with ipilimumab-refractory advanced 

melanoma but also for the vast majority of advanced mela-

noma patients.45,51

Although pembrolizumab is a well-tolerated drug overall, 

as with other immunotherapies, it is essential to maintain a 

high index of suspicious for immune-mediated toxicities, 

including pneumonitis, colitis, hepatitis, endocrynopathy 

ranging from hypophysitis to hyper- and hypothyroidism, 

and nephritis, although these are relatively infrequent.

Perspectives
As shown by other immunotherapies, the clinical benefit 

of pembrolizumab is long lasting.7,45,47,52 Obviously, this 

promising clinical efficacy reported thus far in several studies 

paves the way to its potential combination with other treat-

ment strategies to improve the rate of responses. Indeed, the 

response rate seems higher than anti-CTLA-4 treatment, but 

there is a large room to further improvement.

The combination of BRAF inhibitors and immunotherapy 

may be a strategy to provide durable responses in metastatic 

melanoma patients. BRAF inhibitors, in fact, do not seem to 

impair the immune system but, on the contrary, may enhance 

immune activation.53–60 Several studies suggest that mutant 

forms of BRAF may be recognized by host immunity and 

could be involved in antitumor immune response. Ex vivo 

stimulation of lymphocytes derived from patients with mela-

noma, with a synthetic BRAF peptide carrying the V600E 

mutation led to the generation of MHC class II-restricted 

CD4+ T-cells specific for this peptide; this cells recognized 

tumor cells expressing mutant BRAF.61 Although BRAF 

inhibitor drugs are not designed to directly activate antitumor 

immune responses, there is increasing evidence to indicate 

enhanced antitumor immunity with use of these agents and 

correlation with clinical responses. Wilmott et al demonstrate 

increased CD4+ and CD8+ T-cell infiltration in melanoma 

patient biopsies from patients in the early stages of treatment 

with Vemurafenib and Dabrafenib.58 Immune cell infiltrate 

rates in biopsies from patients who relapsed following treat-

ment resembled those observed in pretreatment samples and 
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correlated with the appearance of resistance against BRAF 

inhibitor treatment.

On a different note, pembrolizumab can be combined with 

T-cell therapy, which is a more complex treatment strategy 

involving extraction of T-cells infiltrating individual patient’s 

tumor metastases and then re-infusion after in vitro activation 

and several rounds of expansion.62 Currently, a few trials are 

evaluating combination of anti CTLA-4 immunotherapy and 

T-cell therapy (NCT01701674 and NCT01988077).

Another approach, which has already been tested with 

another anti-PD-1 antibody (named Nivolumab, from 

BMS), is to combine anti-PD-1 and anti-CTLA-4 treatment. 

Dramatic and profound responses, which in most cases 

were very durable, have been observed with concurrent 

combination of both therapies, followed by maintenance 

with anti-PD-1 antibodies only.63 An astonishing 82% 

1-year and 75% 2-year survival rate has been achieved so 

far in a Phase Ib study.64 Combination therapy currently 

targeting PD-1 and CTLA-4 immune checkpoints leads 

to remarkable antitumor effects. Although both PD-1 and 

CTLA-4 dampen the T-cell activation, the in vivo effects 

of these drugs in humans remain to be clearly defined. In 

their study, Das et al evaluated combination therapy with 

anti-CTLA-4 and anti-PD-1 on immunologic changes 

in vivo. According to their data, molecules against PD-1, 

CTLA-4 alone, or in combination have distinct immuno-

logic effects in vivo.65 In particular, PD-1 blockade leads 

to the expression of several NK-associated genes out-cells; 

instead, genomic signatures of CTLA-4 blockade includes 

the induction of several cell cycle–associated genes.65  

A randomized Phase III trial of concurrent anti-PD-1/

CTLA-4 followed by PD-1 treatment only is currently 

ongoing (BMS Checkmate 067), but interim results have 

not been yet disclosed. Other trials testing sequential com-

binations are currently ongoing.

Conclusion
In a treatment landscape that has previously proven to be 

challenging for patients with advanced melanoma with 

progression on immune therapy, pembrolizumab offers 

a major paradigm shift. This monoclonal antibody is the 

first anti-PD-1 therapy to demonstrate a survival advantage 

compared to the standard of care for the first-line treatment 

of advanced melanoma. Results from previous studies 

concerning advanced melanoma showed promising activity 

and tolerability. Pembrolizumab is able to achieve a dual 

blockade (PD-L1 and PD-L2) without significant cytotoxic 

activity. Its promising clinical efficacy gives rise to several 

compelling questions in terms of potential combination with 

agents that are already approved, but prospective trials are 

needed to assess efficacy of pembrolizumab in combination 

with other treatments for unresectable locally advanced and 

metastatic melanoma.
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