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Abstract: Remarkable clinical responses have been seen in patients with metastatic melanoma with targeted ther-
apy (BRAFi vemurafenib, MEKi) and with modern immune cell-based approaches such as TCR engineered adoptive 
cell transfer (ACT) and earlier experiences with high-dose IL-2. The proximal mediators of these immune therapies 
are tumor-reactive CTL. Various mechanisms of resistance to immune-mediated apoptotic signals have been de-
scribed, including phenotypic changes, effector cell exhaustion, functional tolerance, deficiencies in Ag processing 
and presentation, and mutation or down-regulation of antigenic epitopes. The immune system and drugs eradicate 
tumors via apoptosis. Therefore, tumors’ resistance to apoptosis may be a determining factor that limits the efficacy 
of immunotherapies. It is predicted that these therapies have limited efficacy in patients whose melanomas have 
developed resistance to targeted therapy such as vemurafenib. Upregulation of the immune checkpoint molecule 
CTLA-4 on activated T cells and its interaction with CD80/86 blocks T cell activation. The fully humanized mAb ipili-
mumab blocks this interaction, resulting in sustained T cell stimulation. Likewise, the programmed death receptor 1 
(PD-1) is another member of the B7:CD28 family of costimulatory molecules that regulates T cell activation, whose 
ligand (PD-L1) is expressed on melanomas. The human anti-PD-1 mAb, Pembrolizumab, overcomes tolerance, has 
a favorable pharmacokinetics profile with minimal undesired toxic side effects and has shown remarkable improve-
ment in melanoma therapy. This review focuses on recent advances in the development of various anti-PD-1 check-
point blockade antibodies and will summarize recent clinical data using immune checkpoint blocking antibodies.
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Introduction to immunotherapy and PD-1 inhi-
bition in the treatment of melanoma

Metastatic melanoma is an aggressive disea- 
se with only 16% five-year survival rate. The 
incidence of melanoma is increasing due to its 
unresponsiveness to currently available che-
motherapeutic drugs such as dacarbazine and 
carmustine [1]. An exciting and alternative ap- 
proach involves the utilization of various im- 
mune-based modalities, including high-dose 
interleukin (IL)-2 therapy and TCR-engineered 
immunotherapy. However, recent introduction 
of immune checkpoint blockade, such as an- 
tagonistic monoclonal antibodies (mAbs) di- 
rected against cytotoxic T-lymphocyte antigen 
4 (CTLA-4) and PD-1, has revolutionized the 
treatment of metastatic melanoma patients 
[1]. In this review we will briefly discuss various im- 
mune-based approaches in the treatment of 

advanced metastatic melanoma. We will fur-
ther discuss recent advances in melanoma th- 
erapy including review of the clinical data of 
using antagonistic mAbs directed against im- 
mune checkpoint molecules CTLA-4 and PD-1, 
as well as comparison of the efficacy of various 
mAbs disrupting the PD-1/PD-L1 interaction 
(Figure 1).

High dose interleukin-2 (IL-2)

After being approved by the US Food and Drug 
Administration (FDA) in 1992, the type I cyto-
kine interleukin (IL)-2, an immune stimulatory 
cytokine, was clinically used in patients with 
advanced melanoma. IL-2 has no direct effect 
on tumor cells. Its antitumor responses are 
mediated by activating immune effector (cyto-
toxic T lymphocytes, CTL) cells [2]. This cyto-
kine-based therapy has resulted in long-lasting 
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responses in very few patients. In a clinical 
study only 22% of those given treatment experi-
enced successful antitumor responses [3]. In a 
pooled analysis of 270 patients, there was a 
7% complete response (CR) rate [3]. However, 
clinical utilization of high dose IL-2 is hampered 
by severe multiorgan toxicity. Adverse effects 
(AEs) include hypertension, pulmonary edema, 
fever, and bacterial infection. In another clinical 
trial, 283 patients with metastatic melanoma 
or metastatic renal cell carcinoma (RCC) who 
had failed standard treatment were given IL-2 
at a dose of 720,000 IU/kg intravenously every 
8 hours for a maximum of 15 doses per cycle 
[2]. IL-2 administration was stopped when gr- 
ade 3 or 4 toxicity that could not be reversed by 
standard supportive measures appeared. Out 
of 134 melanoma patients, nine (7%) had com-
plete regression and 14 (10%) had partial re- 
gression with an overall response rate (ORR) of 
17%. Out of 149 patients with RCC, 10 patients 
(7%) had complete regression and 20 patients 
(13%) had partial regression with an ORR of 
20%. Overall, 19% of patients achieved objec-
tive regression with this therapy. Collectively, 
clinical data suggest that immunotherapy using 
single agent IL-2 does not prove to be very 
effective.

Adoptive cell transfer (ACT) with genetically 
modified tumor infiltrating lymphocytes (TILs) 
carrying IL-12

Adoptive cell transfer (ACT) therapy is an effec-
tive immunotherapy treatment for patients wi- 
th metastatic melanoma. ACT involves ex vivo 
identification and isolation of tumor reactive 
CTLs that are then expanded to higher num-
bers in vitro and transferred back into the 
patients [4]. With ACT, the exact populations of 
T cells capable of in vitro tumor killing are id- 
entified; these T cells are then selected for ex- 
pansion. There have been several studies that 
show promising results of ACT therapy. Con- 
ditioning regimen by non-myeloablative lym-
phodepleting drugs (fludarabine and cyclophos-
phamide) followed by adoptively transferring 
autologous tumor-infiltrating lymphocytes (TILs) 
in conjunction with high-dose IL-2 elicits objec-
tive tumor regression in 50% to 70% of mela-
noma patients based on RECIST criteria [2]. 
Lymphodepleting drugs help create a lympho-
penic environment, which has reduced nu- 
mbers of immunosuppressive regulatory T cells 
and myeloid derived suppressor cells [5], allow-
ing rapid proliferation and enhanced activity of 
adoptively transferred TILs. Moreover, the lym-

Figure 1. Current immunotherapies in the treatment of melanomas. Upon recognition, through interaction of pep-
tide/MHC with TCR/CD8, cytotoxic T cells induce apoptosis in sensitive melanomas via perforin/granzyme or death 
receptor-mediated (Fas/FasL, TRAIL/DR4, DR5) pathways. Checkpoints blockade (using anti-CTLA-4 and anti-PD-1 
mAbs) and ACT of antigen-specific cytotoxic T cells have remarkably improved melanoma treatment. Constitutively 
hyper-activated anti-apoptotic cell survival pathways (BRAFV600E, NF-kB, AKT, MAPK, etc.) confer apoptosis-resis-
tance by regulating the expression pattern of pro- and anti-apoptotic gene products, thus, limiting the efficacy of 
treatment.
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phopenic environment decreases the competi-
tion between native lymphocytes and adoptive-
ly transferred TILs for cytokines IL-7 and IL-15, 
thus providing a favorable environment for TILs 
to proliferate and survive [6].

Interleukin-12 (IL-12), a member of a family of 
heterodimeric cytokines, has powerful proin-
flammatory activities. IL-12 has potent antitu-
mor effects when administered in murine tumor 
model [7]; however, it is toxic when adminis-
tered directly to humans. There is ongoing re- 
search on engineering TILs to carry IL-12 gene. 
Clinical utilization of TILs containing IL-12 gene 
has been promising [8]. In this trial, patients 
who were 18 years of age or older with evalu-
able metastatic melanoma and a melanoma 
lesion suitable for resection to generate TIL cul-
tures were given a bolus intravenous (i.v.) infu-
sion of TILs genetically modified by a retroviral 
vector encoding Nuclear factor of activated 
T-cells (NFAT). IL-12. After the infusion, patients 
received a lymphodepleting chemotherapy regi-
men. The trial was designed as cell dose-esca-
lation, starting with 1×106 cells and then with 
increasing numbers of cells by half-log incre-
ments. Out of 33 patients, 11 achieved an 
objective response according to RECIST crite-
ria. A single objective response was seen in 17 
patients treated with 0.1×109 or fewer cells 
(5.9%). 10 out of the 16 patients treated with 
higher dose, 0.3 to 3×109 NFAT. IL-12 cell cul-
tures, exhibited objective responses (62.5%). 
Tumor regression was seen at multiple sites, 
including brain, lung, lymph nodes, and subcu-
taneous tissues. There was a wide range of 
AEs, including persistent fever and liver abnor-
malities. The highest levels of serum IL-12 
could be lethal and required intensive care unit 
management in some patients. High level of cir-
culating IL-12 in the body is alarming as it can 
inhibit the proliferation of lymphocytes. Alth- 
ough there are still problems with treatment 
using engineered TILs to carry IL-12 genes, the 
observed response rate was 63% in patients 
treated with 0.3×109 or greater NFAT. IL-12-engi- 
neered T cells compares favorably with previ-
ous response rates in patients treated with 10 
to 100 higher numbers of T cells along with 
high-dose IL-2. With more research on ways to 
control the expression of IL-12 to modulate cir-
culating serum levels, genetically modified TILs 
can increase the efficacy of ACT therapy.

BRAF inhibitors: the first targeted therapy for 
advanced melanoma

In 2011, the FDA approved vemurafenib, a 
BRAFV600E kinase inhibitor (BRAFi). Vemurafenib 
is used in the treatment of patients having 
advanced melanoma that cannot be surgically 
resected and a mutation in the BRAF gene. In 
one trial, 337 of 675 patients were randomly 
assigned to vemurafenib, receiving 960 mg 
tablets twice daily while 338 patients were  
randomly assigned to dacarbazine treatments 
intravenously with 1000 mg/m2 every three 
weeks [9]. Overall survival was significantly 
improved in patients receiving vemurafenib 
compared to patients receiving dacarbazine at 
a median of 6.2 months versus 4.5 months. 
Progression-free survival was also significant- 
ly improved for vemurafenib patients at 5.3 
months. The ORR was 48.4% for patients re- 
ceiving vemurafenib while only 5.5% for patients 
treated with dacarbazine. However, common 
AEs occurred in 38% of vemurafenib patients 
including cutaneous squamous cell carcinoma 
(SCC) and fatigue. Another BRAFi, dabrafenib 
was approved by the FDA in 2013. In a clinical 
study, the complete response (CR) rate was 
only in 3% of patients receiving 150 mg dab-
rafenib twice daily. The multikinase inhibitor, 
sorafenib was studied as well. It acts to inhibit 
the mitogen-activated protein kinase (MAPK) 
pathway and the phosphatidylinositol 3 kinase 
(PI3K/Akt) pathways that are constitutively acti-
vated in melanoma cells. This drug targets 
C-Raf, MEK, and ERK growth factors. However, 
in phase I and phase II trials, the results of 
treatment with sorafenib were also unsuccess-
ful with responses in less than 10% of patients 
[10].

T-cell receptor (TCR)-engineered immuno-
therapy

One of the current most effective immunother-
apy regimens for metastatic melanoma involves 
the generation of T lymphocytes with high affin-
ity TCR for specific melanoma peptides pre-
sented in the context of MHC complexes. TCR 
receptors on the surfaces of T lymphocytes rec-
ognize tumor associated antigens [11]. A single 
TCR can recognize a variety of MHC peptide 
complexes [12]. Upon T cell recognition of an 
antigenic epitope via interaction of TCR with 
peptide/MHC complex and subsequent signal-
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ing through accessory molecules, CTLs are 
activated and induced to proliferate and differ-
entiate. Effector CD8+CTLs kill tumor targets by 
directly inducing apoptosis or indirectly throu- 
gh the release of cytokines. These cytokines 
include interferon (IFN)-γ and tumor necrosis 
factor (TNF)-α that trigger the caspase cas-
cade, causing apoptosis of melanoma targets. 
Selected patients have been found to have 
highly reactive T cells that recognize and lyse 
target tumor cells. Autologous TILs have been 
found to mediate objective cancer regression. 
These preexisting tumor-reactive cells can be 
isolated and expanded ex vivo. The genes 
encoding the TCR specific for a variety of tumor 
associated antigens (TAA) can be cloned. 
However it is often difficult to identify these 
tumor reactive lymphocytes. Genes encoding 
for TCR α/β are cloned from these existing T 
cells, inserted into retroviruses, and trans-
duced into another patient’s own T cells. The 
transduction with TCR-encoding retroviral vec-
tors has resulted in TCR-engineered cells that 
are capable of recognizing and destroying spe-
cific cancer cells in clinical settings [11]. Tran- 
sduction of peripheral blood lymphocytes (PB- 
Ls) from melanoma patients with retroviral vec-
tor encoding TCRα/β genes specific for MART-
1, in vitro expansion, and subsequent ACT of 
these TCR-engineered PBLs has clinical bene-
fit. Peptide-specific TCR genes were cloned 
from a patient with near complete tumor regres-
sion. Gene transfer (transduction) resulted in 
expression of TCR in 30% of transduced CD8+ 
cells. Out of the 17 patients that received treat-
ment, 14 patients exhibited persistence of the 
transduced cells at 1 and 4 weeks after treat-
ment. Two patients experienced a sustained 
objective regression of their metastatic mela-
noma after the transfer of genetically engi-
neered PBLs, thus resulting in a response rate 
of 13%. No toxicities in any patients were attrib-
uted to the gene marked cells. More research is 
still being conducted to improve TCR chain pair-
ing and antigen affinity [13]. Researchers are 
investigating the use of lentiviral vectors and 
higher affinity TCRs. The development and use 
of engineered TCRs is documented to have high 
clinical efficacy.

Adoptive immunotherapy with TCR-gene trans-
duced T-cells is a novel and promising treat-
ment option for advanced melanoma since it 
enhances the activity and functionality of pa- 
tient’s immune system to become reactive ag- 
ainst tumor cells. This approach has fewer un- 
desired toxicity than chemotherapy. CD4+ T-ce- 

lls can recognize peptide epitopes in the con-
text of MHC class II molecules, but MHC class II 
molecules are either down-regulated or absent 
on the majority of tumor cells. Therefore, it is 
difficult to incorporate CD4+ T-cells into thera-
peutic protocols. TCR-engineered CD4+ T-cells 
are developed to overcome this limitation. TCR-
engineered CD4+ T-cells recognize the antigenic 
peptide presented by MHC class I molecules 
with or without a co-receptor, and exhibit effec-
tor functions including cytokine secretion and 
tumor reactivity [14]. A study conducted in 
2010 shows that MHC class I-restricted MART-
127-35 epitope-specific TCR transduced CD4+CD- 
25- T cells undergo several rounds of division 
and exhibit different effector functions, such as 
synthesizing IFN-γ, TNF-α, and IL-2, mobilizing 
lytic granules and exhibiting cytolytic effector 
function against melanoma targets [15]. These 
T-cells do not require a co-receptor, and they 
also amplify the expansion of the MART-127-35 
epitope- specific CD8+ T cells in an epitope-
specific CTL generation assay (in vitro).

Another example of TCR-engineered immuno-
therapy for melanoma involves tumor specific 
TCRs directed against antigens such as NY- 
ESO1 and MART1. Studies involving engineered 
TCR resulted in objective clinical responses in 
12-45% of patients with metastatic melanoma 
[16]. In one study, researchers generated NY- 
ESO1-specific TCR and transduced cytokine-
induced killer (CIK) cells using lentiviral parti-
cles at an MOI of 50 [17]. Transduction efficien-
cy was 38% and the TD-CIK cells were tested 
against three melanoma cell lines. TD-CIK cells 
killed NY-ESO1+/HLA-A2+ melanoma cells with 
an increase of 4.3 fold efficiency compared to 
non-transduced CIK (NT-CIK). Tumor antigen-
specific TCRs on CIK cells were responsible for 
improved anti-tumor activity of the engineered 
cells. However, treatment related AEs such as 
severe skin and ear inflammation, neurological 
toxicities, and lethal cardiac toxicities ensued 
from studies with these TCRs [16]. Furthermore, 
antitumor responses were not sustained and 
were often incomplete.

Additional clinical trials are required to deter-
mine the efficacy of TCR-engineered immuno-
therapy, but the results obtained so far are 
promising. The NY-ESO-1 antigen was expre- 
ssed in 10% to 50% of metastatic melanomas. 
Out of all patients who received NY-ESO-1 spe-
cific T-cells, 45% melanoma patients showed 
measurable response rate [18]. Moreover, com-
pared to patients receiving on-target/off-tumor 
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toxicity seen in the melanoma antigen TCR, 
none of the patients who received NY-ESO-1-
specific T cells experienced such toxicity [19].

Cytotoxic T lymphocyte antigen-4 (CTLA-4)

Inhibition of the Cytotoxic T Lymphocyte An- 
tigen-4 (CTLA-4) pathway is yet another type of 
immunotherapy that induces or enhances anti-
tumor immune responses. Upon binding, CTLA-
4 (CD152) can inhibit T-cell maturation and pro-
liferation by competing with CD28 receptor in 
binding to B7.1 (CD80) and B7.2 (CD86) ligands 
on antigen presenting cells (APCs) [20]. The 
rapeutic monoclonal antibodies (mAbs) are de- 
veloped which can block CTLA-4 checkpoint 
(Figure 2).

There are two types of signals essential for 
optimal T-cell activations: signal 1 and signal 2 
[21]. The interaction of T-cells receptors (TCRs) 
with MHC/peptide complex on the surface of 
tumor cells provides signal 1. This determines 
the antigen-specificity of the response [22]. 
The interaction between costimulatory mole-
cules on APCs and counter-receptors on T-cells, 
such as B7-CD28 interaction, provides the sec-
ond signal required for T-cell activation. T-cells 
are rendered inactive in the presence of signal 
1 alone. The absence of costimulatory signal 2 
causes T-cells to enter a state of unresponsive-
ness referred to as anergy, which eventually 
leads to tolerance. Simultaneous presence of 
both signal 1 and 2 are required for naive T- 
cells to become active and transition to effec-
tor cells. The inhibitory molecule CTLA-4 com-
petes with CD28 receptor in binding to B7.1 
(CD80) and B7.2 (CD86) ligands, which can 
inhibit T-cell maturation and proliferation, a  
process that can be prevented using recently 
developed antagonistic CTLA-4 mAbs. Below is 
a brief description of various anti-CTLA-4 Abs 

and their clinical implication in melanoma th- 
erapy.

Ipilimumab (yervoy)

Ipilimumab is the first FDA approved (2011) 
anti-CTLA-4 checkpoint inhibitor [23]. By target-
ing the CTLA-4 checkpoint, Ipilimumab acti-
vates CTLs to recognize and destroy cancer 
cells. Ipilimumab has undergone extensive 
phase II and phase III clinical trials. In a phase 
III MDX010-20 study, ipilimumab was shown to 
improve the overall survival of the patients [24]. 
676 patients were randomized to take ipilim-
umab 3 mg/kg and gp100 vaccine, ipilimumab 
3 mg/kg and placebo, or gp100 vaccine alone. 
One-fifth of the patients survived at least two 
years. 474 were randomized 2 years before the 
study cut-off date, 284 of whom were treated 
with ipilimumab plus gp100, 95 of whom were 
treated with ipilimumab alone, and 95 of whom 
were treated with vaccine alone. Out of these 
474 patients, 94 patients survived at least 2 
years, comprising of 54 (19%) patients treated 
with ipilimumab plus gp100, 24 patients (25%) 
treated with ipilimumab alone, and 16 patients 
(17%) treated with vaccine alone. Of all patients 
surviving at least 2 years, 42 patients (45%) 
survived at least 3 years. In another study, 
Ipilimumab was given to patients with meta-
static melanoma every 3 weeks for four cycles. 
Following the initial 4 doses, ipilimumab was 
administered every 12 weeks. This study sup-
ported the idea that ipilimumab was dose-de- 
pendent and that increasing doses from 0.3 to 
10 mg/kg increased the percentage of res- 
ponse in patients. CTLA-4 inhibitors have been 
proved to be effective checkpoint inhibitors, 
but their side effects are severe. Ipilimumab 
has been proven as an effective treatment for 
melanoma, resulting in a higher overall survival 

Figure 2. CTLA-4 check point blockade in the treatment of melanomas. A. Under normal conditions ligation of Cd28 
with B7.1, B7.2 (CD80, CD86) provides signal II for T cell activation. The negative regulatory signaling molecule 
CTLA-4 competes with CD28 in binding to B7 family ligands. B. CTLA-4 ligation to B7 family ligands inhibits T cell 
functionality (proliferation, activation, cytotoxic potential). C. mAbs directed against CTL-4 check point regulator 
inhibit its binding to B7 family ligands, thus, promoting T cell functionality.



Pembrolizumab in melanoma therapy

2122 Am J Cancer Res 2016;6(10):2117-2128

(OS) rate than dacarbazine or chemotherapy 
[24].

However, ipilimumab has resulted in many 
immune-related (IR) AEs [25]. Although 3 mg/
kg doses produce weaker responses than 10 
mg/kg doses, higher doses result in higher tox-
icity levels [26]. The most common IRAEs are 
rash, colitis, hepatitis, and hypophysitis. More 
than 50% of patients had severe rash that was 
associated with deep dermal and perivascular 
infiltrates of lymphocytes. Patients also experi-
enced enterocolitis of grade 3-4 in 16% of 
cases. IRAEs are unavoidable, but they may 
correlate with tumor regression in patients with 
metastatic melanoma. Ipilimumab-treated pa- 
tients experiencing grade 3/4 IRAEs were re- 
ported to have a significantly higher rate of 
tumor regression than those without IRAEs 
(36% versus 5% of patients). The objective res- 
ponse rate was reported to be significantly 
higher in ipilimumab-treated melanoma pa- 
tients who developed enterocolitis compared 
with those who did not (36% versus 11%). 
CTLA-4 pathway acts on early T-cell activation, 
while PD-1 pathway affects T-cell at the effector 
stage [20].

Tremelimumab (ticilimumab, CP-675,206)

Tremelimumab is a human monoclonal non-
complement fixing IgG2 isotype that has been 
approved for phase II clinical trials [27]. This 
drug is a human monoclonal antibody directed 
against CTLA-4. It binds to CTLA-4 thus inhibit-
ing its binding to APC ligands CD-80 and CD-86 
and resulting in activation of T-lymphocytes. 
This leads to CTL-mediated T-cell activation. In 
a phase I study, 39 patients underwent single 
dose escalation regimens to determine the 
maximum tolerated dose (MTD). Tremelimumab 
was administered at 0.01, 1, 3, 6, 10 or 15 mg/
kg doses. 3 out of the 5 patients who received 
15 mg/kg experienced dose limiting toxicities 

such as dermatitis or diarrhea. Researchers 
determined the MTD was 10 mg/kg. In another 
phase I study, researchers investigated admin-
istering 10 mg/kg once a month or 15 mg/kg 
doses every 3 months [28]. No dose limiting 
toxicity was observed. ORR was 4 of 41 for the 
10 mg/kg compared to ORR of 4 of 43 for the 
15 mg/kg every three months. Median time to 
response was 21 weeks. In phase II trial, 8 of 
84 (10%) of patients attained objective antitu-
mor responses. Only partial responses were 
seen in patients receiving the 10 mg/kg doses. 
Median overall survival was 9.97 months for 10 
mg/kg and 11.53 months for 15 mg/kg. Both 
treatments were associated with durable tumor 
responses. Most frequent AEs included diar-
rhea, rash, and pruritus. AEs were lower among 
patients treated with 15 mg/kg every 3 months. 
Results from treatment with Tremelimumab 
have not been significant but research contin-
ues to be conducted to evaluate the dosing 
regimen and relationship between tumor res- 
ponse and survival.

Programmed Cell Death Ligand 1 (PD-L1) 
pathway and role in immunotherapy

Programmed Cell Death Ligand (PD-L) 1 and 2 
are ligands of programmed cell death 1 (PD-1) 
[29]. PD-1 is an immunoinhibitory receptor a 
member of the CD28 family. It is expressed on 
T and B cells and, upon ligation to PD-L1 and 
PD-L2, inhibits immune cell activation. PD-L1 is 
expressed on T cells, B cells, macrophages, 
dendritic cells, and other nonimmune cells. 
PD-L2 is expressed mainly on activated macro-
phages and dendritic cells. The expression of 
PD-L1 and PD-L2 and subsequent binding to 
PD-1 induces T cells to undergo apoptosis. By 
blocking the PD-L1 inhibitory pathway using 
anti-PD-L1 Abs, T cells can be activated and 
become more efficient in tumor surveillance 
(Figure 3).

Figure 3. PD-1 check point blockade in the treatment of melanomas. (A) Under normal conditions ligation of PD-1 
with PDL-1, PDL-2 provides a negative stimulatory signal to T cells, thus, even in the presence of TCR recognition of 
peptide/MHC complex, T cells are rendered inactive to kill tumor cells. The negative regulatory signaling provided 
by PD-1 PD-L engagement can be easily blocked by mAbs directed against check point molecules. (B) PDL-1 or (C) 
PD-1, promoting the functionality of T cell and tumor eradication.



Pembrolizumab in melanoma therapy

2123 Am J Cancer Res 2016;6(10):2117-2128

The PD-L1 checkpoint inhibitor MEDI4736 was 
administered intravenously every 2 or 3 weeks 
in a 3+3 dose escalation in 26 patients with 
various tumor malignancies [30]. 34% of all 
patients experienced AEs; however, these AEs 
were only grade 1-2. These AEs were mainly 
diarrhea, fatigue, rash and vomiting. No IRAEs 
had been recorded. MEDI4736 could induce 4 
partial remissions and 5 additional minor re- 
sponses. These clinical responses did not oc- 
cur in melanoma alone, but also in patients 
with non-small cell lung cancer (NSCLC), indi-
cating that MEDI4736 is a potentially effective 
checkpoint inhibitor.

Ongoing and future considerations of the cli- 
nical efficacy of various immune-checkpoint 
inhibitors are underway. Currently, there are 5 
anti-PD-1 and 4 anti-PD-L1 agents used in clini-
cal trials [1]. Despite the current safety and tol-
erability of single agent blockade using anti-
PD-1 monoclonal antibodies such as pembro- 
lizumab and nivolumab, trials with combination 
therapies are being studied with the potential 
to minimize toxicity and reduce the incidence of 
IRAEs while increasing response rates. Com- 
bination therapy trials are currently underway 
to examine advanced melanoma patient res- 
ponse rates relative to anti-PD-1 and anti-
CTLA-4 monotherapies. A phase I trial involving 
nivolumab and ipilimumab in advanced mela-
noma showed 20% response. However, those 
with high dose of 3 mg/kg of nivolumab with 3 
mg/kg of ipilimumab every two weeks exceed-
ed the tolerate toxicity [1]. 53% of patients with 
smaller dose regimens experienced grade 3 
and grade 4 AEs. With follow-up periods, devel-
opment of new immunotherapy agents, and 
more trials, the use of checkpoint inhibitors in 
the treatment of advanced melanoma is expe- 

cted to benefit more patients with metastatic 
melanoma.

Programmed Cell Death (PD-1) pathway and 
role in immunotherapy

The programmed cell death (PD)-1 checkpoints 
function as a control over immune response 
hyperactivity. However, these immune check-
points are also means by which tumors can 
inhibit T cells and block antitumor immune 
responses [1]. Interaction between PD-1 and 
PD-L1 and PD-L2 normally inhibits immune 
response by reducing T lymphocyte function. 
Signaling inhibits T cell activation, proliferation, 
and cytokine production [1]. As mentioned 
above, regulation of T cell activation involves 
two complementary signals: TCR recognition of 
peptide/MHC and costimulatory signal provid-
ed by CD28 ligation to B7.1 or B7.2 on APCs. 
Many tumors express PD-L1 in order to induce ne- 
gative regulation of T cells by the PD-1 check-
point. The anti-PD-1 mAb nivolumab has rece- 
ntly been approved by the FDA. Studies with 
nivolumab have shown improved overall sur-
vival. This drug inhibits checkpoint binding of 
PD-1 and PD-L1 between T cells and the tumor 
cells, thus inducing immune response. Com- 
pared to existing treatments involving ipilimum-
ab and nivolumab, the use of pembrolizumab 
may be the new effective treatment for patients 
with advanced melanoma.

Below is a brief description of various anti-PD-1 
mAbs and their clinical implication in melano-
ma therapy (Table 1).

Nivolumab (opdivo, ONO-4538)

Nivolumab is an FDA approved PD-1 checkpoint 
inhibitor. In one open-label, phase II trial in 
Japan, almost one-quarter of the patients with 

Table 1. Summary of clinical data of targeted therapy and immune check-point blockade in mela-
noma treatment

Treatment Phase Overall Response 
Rate Overall Survival References

Vemurafenib III 48.40% 84% (at 6 months) [9]
Decarbazine III 5.50% 64% (at 6 months) [9]
Ipilimumab + gp100 vaccine III 20.10% 19% (at 2 years) [24]
Ipilimumab III 28.50% 25% (at 2 years) [24]
gp100 vaccine III 11.00% 17% (at 2 years) [24]
Tremelimumab II 10% 32% (at 12 months) [26]
Nivolumab III 40% 72.9% (at 12 months) [32]
Pembrolizumab I 38% 81% (at 12 months) [33]
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previously treated stage III/IV melanoma achi- 
eved a partial tumour response when given 
intravenous nivolumab 2 mg/kg every 3 weeks 
[31]. These patients had undergone other can-
cer treatments before. Nivolumab was adminis-
tered until disease progressed, AEs became 
intolerable, or a complete response occurred. 
The median progression free survival lasted for 
172 days. In a phase I trial, 94 patients were 
treated with up to 10 mg/kg of nivolumab every 
2 weeks for at most 96 weeks [32]. 5% of 
patients stopped treatments due to IRAEs su- 
ch as pneumonitis, colitis, and hepatitis. Some 
AEs such as diarrhea were managed with the 
use of corticosteroids. However, 31% of pati- 
ents responded to treatment and of these re- 
sponders, 45% responded within the first eight 
weeks of treatment. A phase III trial of nivolum-
ab had a response rate of 40% with a 72.9% 
one-year survival rate.

Pembrolizumab (keytruda, lambrolizumab, 
MK-3475)

With promising safety, tolerability, and efficacy, 
a new drug, pembrolizumab has been the cen-
ter of many clinical studies and trials. This anti-
PD-1 monoclonal antibody has been reported 
to increase survival rates and lower incidence 
of AEs [12]. Pembrolizumab inhibits the PD-1 
immune checkpoint and has significant antitu-
mor activity in patients with advanced melano-
ma. Compared to other drugs and therapies 
pembrolizumab has prolonged progression-fr- 
ee survival and greater overall survival. Pemb- 
rolizumab has resulted in durable antitumor 
activity. Furthermore this treatment is associ-
ated with significantly less high-grade toxicity. 
Based on various clinical trials it is concluded 
that pembrolizumab is safe and tolerable in 
multiple tumor types.

Review of pharmacology, mode of action, 
pharmacokinetics of pembrolizumab

Unlike chemotherapy which relies on cytotoxic 
effects of powerful chemicals to induce DNA 
damage and cause tumor regression or inhibi-
tion of tumor progression, programmed death 
(PD)-1 checkpoint inhibition enhances the anti-
tumor responses of the immune system to tu- 
mor cells harboring multiple mutations. Under 
normal physiological conditions, T-cells can in- 
duce apoptosis in tumor cells by two main me- 
chanisms [32]. The first mechanism is through 
granule-exocytosis pathway. In this pathway, 
T-cells release perforin or granzyme CD8, which 

are highly toxic proteins, into the defined inter-
cellular space between CTL and the target cell 
membranes. Once these proteins are inside 
the target tumor cells, they induce apoptosis. 
The second mechanism is death receptor sig-
naling pathway. In this pathway, caspases acti-
vation patterns in Type 1 and Type 2 cells can 
both induce apoptosis. However, tumors have 
the ability to develop mechanisms to evade 
antitumor immune responses. One of such me- 
chanisms is PD-1 ligands expression. After a 
prolonged period of activation, T cells upregu-
late surface PD-1 expression. Tumor cells ex- 
press PD-L1 and PD-L2 to bind to PD-1 and 
send a negative signal that inhibits apoptosis. 
The humanized IgG4 mAb Pembrolizumab is a 
checkpoint inhibitor acting selectively on the 
PD-1 pathway. The drug is designed to bind to 
PD-1 receptors, thus preventing the interaction 
between PD-1 and PD-L1 or PD-L2. By interfer-
ing with this interaction, pembrolizumab dis-
rupts PD-1 pathway and restores antitumor 
immune response. Pembrolizumab is adminis-
tered for patients with unresectable or meta-
static melanoma or with a mutated BRAFV600E/K 
gene, which are unresponsive to treatments 
involving BRAF inhibitors [33]. Pembrolizumab 
is also administered for patients that show no 
tumor regression after treatment with CTLA-4 
checkpoint inhibitor ipilimumab. The FDA ap- 
proved dose for patients is 2 mg intravenous 
(IV) infusion, administered over 30 minutes and 
every 3 weeks until patients are no longer 
responsive to the drug or the AEs are lethal. 
Pembrolizumab had a mean clearance and 
elimination half-life (t1/2) of 0.22 L/day and 26 
days, respectively. Doses of 2-10 mg/kg of pe- 
mbrolizumab every 3 weeks showed a linear 
pharmacokinetics, with dose-proportional incr- 
eases in peak concentration (Cmax), trough 
concentration (Cmin) and steady state area 
under the plasma concentration-time curve 
(AUCss).

Efficacy studies

After patients no longer show tumor regression 
upon treatment with ipilimumab, they are treat-
ed with PD-1 checkpoint inhibitors [33]. PD-1 
checkpoint inhibitors display a wide range of 
response patterns, depending on the charac-
teristics of each individual’s immune system 
and its tumors. A patient with extensive PD-1 
expressing T cells could have a rapid response 
with pembrolizumab, while a patient with low 
numbers of pre-existing PD-1 expressing T cells 
might show a delayed or no response to pem-
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brolizumab [20]. Even though more data is 
needed to give a definitive efficacy of pembroli-
zumab, clinical trials conducted so far show 
promising results. Treatment with checkpoint 
inhibition has been shown to correlate with 
durable, long-lasting responses, even in pati- 
ents that have discontinued therapy. Except for 
cases in which the tumor progresses, many 
patients who discontinued either anti-PD-1 or 
anti-CTLA-4 therapy had persistent responses, 
indicating a sustained antitumor immune re- 
sponse. In phase I KEYNOTE-001 trial, patients 
showed a high rate of tumor regression when 
treated with pembrolizumab [34]. A total of 
1137 patients with melanoma, NSCLC or other 
carcinomas received IV pembrolizumab 10 mg/
kg every 2 or 3 weeks, or 2 mg/kg every 3 
weeks and were assessed for tumor response 
every 12 weeks. The median time to response 
in the 2 mg/kg and 10 mg/kg groups was 12 
weeks. The ORR according to RECIST was 38%. 
At the time of analysis, response durations 
ranged from 1.9 to 10.8 months. The ORR was 
highest among patients receiving pembrolizum-
ab 10 mg/kg every 2 weeks, but they also had 
the highest IRAEs. In a follow-up after ≥ 13 
months of 135 nonrandomized patients, pem-
brolizumab was shown to have durable effects 
[33]. The ORR by RECIST was 41%. Responses 
could be delayed as long as 36 weeks of treat-
ment. Among 71 patients with evaluable tumor 
PD-L1 expression, the expression of PD-L1 was 
associated with improved RECIST ORR (51 vs. 
6%; P = 0.0012) compared to non-PD-L1-ex-
pression (Table 2 summarizes the clinical effi-
cacy of various immune check point blocking 
mAbs currently in the treatment of metastatic 
melanoma).

Unlike other anti-PD-1 monoclonal antibodies, 
pembrolizumab has the highest affinity for 
PD-1. This increased efficacy has been seen in 
many Phase I trials. A phase I trial involved 135 
patients with metastatic melanoma. Pati- 
ents were either given regimens involving 10 
mg/kg doses every 2 weeks or 10 mg/kg doses 
every 3 weeks. Only 13% of patients exhibited 

low grade IRAEs. High dose patients had 54% 
response rates compared to only 35% response 
undergoing doses every 3 weeks. Of the 52 
responders, a majority responded within the 
first 12 weeks of treatment [1]. In a pooled 
study of 411 phase I patients, those given pem-
brolizumab who were previously untreated 
exhibited higher response rates at 40%, com-
pared to ipilimumab treated patients with 28% 
response rates [1].

Safety and tolerability of pembrolizumab

Studies are underway to explore the safety of 
pembrolizumab for patients with advanced me- 
lanoma. Recent results show promising tolera-
bility with this PD-1 blocking monoclonal anti-
body. In one study, the incidence of AEs involv-
ing the use of pembrolizumab was 12% [12]. 
These patients experienced grade 3-5 drug-
related AEs. The most common AE was pneu-
monitis. Other patients experienced dermato-
logic rashes and pruritus, gastrointestinal di- 
arrhea and colitis, endocrinopathies, and hepa-
titis. Fatigue was often experienced among 
patients receiving therapy with pembrolizumab. 
Most IRAEs occur during the first 2 to 6 months 
of treatment [12]. However, these can be effec-
tively managed with the use of corticosteroid 
treatments. Long-term exposure to corticoste-
roids can lead to infection and gastrointestinal 
irritation. Endocrine disorders have been man-
aged with hormone replacement. The use of 
combination therapy such as dual checkpoint 
blockades involving anti-CTLA-4, anti-PD-1, and 
anti-PD-L1 mAbs has led to stronger immune 
system stimulation and enhanced antitumor 
activity. However, combination regimens lead 
to higher AE incidence compared to single ag- 
ent therapies alone. 62% of patients undergo-
ing concurrent anti-CTLA-4 and anti-PD-1 treat-
ment experienced grade 3-4 AEs. Ongoing st- 
udies are further evaluating the safety of pem-
brolizumab monotherapy and combination th- 
erapy.

Table 2. Immune check-point blocking mAbs used in immunotherapy of metastatic melanoma
Name Type of Ab Mechanism of Action References
Ipilimumab anti-CTLA-4 (IgG1к) Inhibits CTLA-4 binding to CD80 and CD86. Activates T cell responses [23]

Tremelimumab anti-CTLA-4 (IgG2) Inhibits CTLA-4 binding to CD80 and CD86. Activates T cell responses [27]

Nivolumab anti-PD-1 (IgG4) Inhibits binding of PD-1 to PD-L1. Activates T cells-mediated immune responses [31]

Pembrolizumab anti-PD-1 (IgG4) Inhibits CTLA-4 binding to CD80 and CD86. Activates T cells responses [12]

MEDI4736 anti-PD-L1 (IgG1к) Inhibits binding of PD-1 to PD-L1 or PD-L2. Activates T cells responses [30]
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Conclusions

PD-1 checkpoint inhibitors, such as pembroli-
zumab, are emerging as new promising treat-
ments for advanced melanoma. Results of vari-
ous clinical trials involving the use of different 
types of PD-1 and PD-L1 checkpoint inhibitors 
have shown that this immunotherapy is an 
effective and promising cancer treatment. Pe- 
mbrolizumab, nivolumab, and MEDI4736, have 
shown impressive efficacy with less severe AEs 
compared to other cancer treatments. Trials 
are still underway to examine the efficacy and 
safety of these drugs in single agent therapy. 
Given the tolerability and efficacy of many of 
the anti-CTLA and anti-PD-1 monoclonal anti-
body monotherapies, immunotherapy combina-
tion trials are underway to determine the effec-
tiveness of different combined treatments for 
melanoma. Clinical trials of using single agent 
pembrolizumab have shown positive results, 
with increased efficacy and durable responses. 
Further investigations are warranted to opti-
mize the use of pembrolizumab, alone or com-
bined with other modalities, in the treatment of 
additional tumors types.
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