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Malignant melanoma remains an important health concern with the incidence of melanoma rising faster than other malignancies with an estimated incidence of >87,000 new
melanoma cases in the USA in 2017.1 It also remains a deadly disease with ~10,000
deaths annually associated with melanoma. Unlike the more common skin malignancies of squamous cell carcinoma and basal cell carcinoma, melanoma has far greater
potential for distant spread, and when paired with poor sensitivity to conventional
oncology treatments such as chemotherapy and radiation therapy, historically, clinical
improvements in this disease have been quite challenging to see. For decades, only three
therapies were US Food and Drug Administration (US FDA) approved for the disease,
dacarbazine and interleukin-2 for unresectable metastatic disease and interferon for
adjuvant treatment after surgery. Unfortunately, these drugs resulted in poor response
rates (≤10%) and no improvement in average survival.2–4 The cytokines, interferon and
interleukin-2, highlighted the potential for immunotherapy’s role in treating melanoma;
however, these early immunotherapy treatments had high toxicity rates, low response
rates, and no improvement in the average survival of patients.2
Fortunately, since 2011, there have been advances in the treatment of advanced
melanoma.5 These therapies have primarily come in two forms, genetically targeted
therapies and immune modulating therapies. From the genomics standpoint, the
BRAF oncogene became a relevant treatment target after 2002 when it was found
that 40–50% of melanoma tumors harbor BRAF V600 mutations.6 Several late phase
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Abstract: The last several years have seen a dramatic rise in the number of effective therapies
that have been shown to improve survival outcomes for patients with advanced melanoma. Among
these treatments are the immune checkpoint inhibitors, a new class of immunotherapy, that have
demonstrated the ability to improve both response rates and survival outcomes. Pembrolizumab,
an immune checkpoint inhibitor that blocks the negative regulatory PD-1 receptor on T-cell
lymphocytes, has shown improved efficacy compared to standard therapies with an acceptable
tolerability profile. Additionally, this agent is being evaluated in adjuvant and combination
trial strategies that have great potential to further advance outcomes. This review focuses on
the advances that pembrolizumab has made in melanoma and what studies are upcoming that
could change the future of melanoma treatment yet again.
Keywords: keytruda, MK-3475, immune checkpoint inhibitor, PD-1 inhibitor, adjuvant therapy,
combination therapies, immunotherapy
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trials have shown significant improvement in response and
survival outcomes with the use of BRAF and MEK inhibitors in patients with BRAF mutant metastatic melanoma.7–9
These new drugs include the BRAF inhibitors, vemurafenib
and dabrafenib, as well as the MEK inhibitors, trametinib and
cobimetinib. Recent studies have shown that blocking both
the BRAF and MEK proteins in patients with BRAF mutant
melanoma has resulted in superior outcomes compared to
only BRAF blockade alone.10–12
In addition to genetically targeted therapies, immunotherapy has made a dramatic resurgence in the management
of patients with advanced malignant melanoma. Previous
work had shown that infiltration of tumor lymphocytes could
be associated with improved outcomes; however, there were
clear barriers to lymphocyte anticancer activities including
lymphocyte regulation by tumors and other inflammatory
cells.13 An important breakthrough was the identification and
targeting of regulatory protein “switches” (called immune
checkpoints) on the surface of T-cell lymphocytes.14 These
immune checkpoints were found to have the ability to regulate lymphocyte function both in the early activation phase
as well as inducing T-cell fatigue later during the immune
process. The first immune checkpoint inhibitor that has been
approved is ipilimumab, which is an antibody that targets
the negative immune checkpoint cytotoxic lymphocyte
antigen-4 (CTLA-4) on the T cells.15 Blocking CTLA-4 on
the T cell promotes the activation and potentiation of these
immune cells allowing them to have an immune cytotoxic
effect on the cancer cells. Ipilimumab has been evaluated in
two pivotal large Phase III trials, both of which have shown
improvement in median overall survival (OS) in patients with
metastatic melanoma, making it the first immunotherapy to
ever do so.16,17 Although the improvement in average survival with ipilimumab was modest, there is a clear subset
of patients, ~18%, who have prolonged survival benefit
at the 8–10 years timepoint.18 Ipilimumab has also been
demonstrated to have potential for significant autoimmune
toxicities in some patients, requiring careful monitoring and
prompt intervention when side effects are detected. Common
side effects have included fatigue, colitis, dermatitis, and
immune-related endocrinopathies. Approximately 10–15%
of patients have experienced grade 3–4 immune-related
toxicity in the standard 3 mg/kg dosing pivotal Phase
III trial, and although most patients were able to achieve
complete reversal of toxicity with steroid administration,
a small percentage of patients required salvage infliximab
for immune-related colitis and 1% of patients had immunerelated toxicity resulting in death.
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Shortly, after ipilimumab was approved, the utility of
another important immune checkpoint was successfully
proven in clinical trials. The programmed death-1 (PD-1)
checkpoint, which similar to CTLA-4 serves as a negative
regulator of T-cell activity, has been shown to be quite relevant
for drug development in melanoma.19–21 Mechanistically,
when the PD-1 receptor binds to its ligand (programmed
death-ligand 1 receptor [PD-L1]), an inhibitory signal is
induced in T cells resulting in anergy and exhaustion. The
ligand for PD-1 (PD-L1) is frequently expressed on the
surface of melanoma cells and functions to help these cells
escape immune surveillance. Two anti-PD-1 antibodies have
been extensively studied and now FDA approved in melanoma, nivolumab and pembrolizumab. Blockade of PD-1
with monoclonal antibody allows activation and potentiation
of T-cell lymphocytes, which can then result in clinically
significant anticancer efficacy. Unique clinical features of
both CTLA-4 and PD-1 inhibitor therapies have included
the potential for delayed treatment responses (including
early progression followed by response), pseudo-progression
(tumor size increase due to inflammatory infiltrates), prolonged stable disease. and autoimmune side effects.22 Autoimmune side effects that have been observed with both CTLA-4
and PD-1 inhibitions are similar and include fatigue, colitis,
dermatitis, hepatitis, and endocrinopathies among many other
less common and rare inflammatory toxicities. However, an
important distinguishing point between these two forms of
immune checkpoint inhibitors is that side effects have tended
to be of higher grade and frequency for ipilimumab compared
to PD-1 inhibitors alone.
The development of BRAF-targeted therapies and
immune checkpoint therapies has revolutionized the treatment landscape for melanoma. In particular, immune checkpoint inhibitors have demonstrated substantial potential for
long-term survival in these patients fundamentally changing
the field. The focus of this review is on the impact of the PD-1
antibody, pembrolizumab, which has been FDA approved for
use in metastatic melanoma and is currently being studied in
an array of clinical trials hoping to further advance clinical
outcomes.

PD-1 pathway function
PD-1 and other immune checkpoints play a fundamental
role in immune response regulation. As shown in Figure 1,
T lymphocytes are initially activated after the T-cell receptor (TCR) on the lymphocyte binds to antigen via the major
histocompatibility complex (MHC) on antigen-presenting
cells (APCs). In the case of T lymphocytes activated against
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Figure 1 Diagram of T-lymphocyte activation and regulation by immune checkpoints.
Notes: 1. The T lymphocyte is activated by the binding of the TCR to antigen presented by the MCH complex on APCs. This activation requires a costimulatory signal
as depicted by the CD28:B7 binding. 2. The T cell can be inhibited by the expression of negative stimulatory receptors such as CTLA-4 and PD-1, also known as immune
checkpoints. The binding of these immune checkpoints to their respective ligands results in deactivation of the T lymphocyte. 3. The monoclonal antibodies, ipilimumab and
pembrolizumab, can maintain the activated lymphocyte by binding and impairing function of the immune checkpoints, CTLA-4 and PD-1, respectively. The active T lymphocyte
is then able to potentiate the immune response and result in cancer cell killing.
Abbreviations: APCs, antigen-presenting cells; CTLA-4, cytotoxic lymphocyte antigen-4; MHC, major histocompatibility complex; PD-1, programmed death-1; PD-L1,
programmed death-ligand 1 receptor; TCR, T-cell receptor.

 elanoma cells, the antigen would be a mutated protein
m
produced by the melanoma cell. The activation of the lymphocyte also requires a costimulatory signal such as CD28
(lymphocyte) and B7 (APC). From that point, the lymphocyte’s activity is able to be further fine-tuned by signals from
inhibitory and stimulatory immune checkpoint coreceptors
expressed on the cell surface that regulate the magnitude
and duration of its immune response. There are a variety of
immune checkpoints with CTLA-4 and PD-1 being negative
regulators of lymphocyte function.23 The potential of the PD-1
receptors as an immune therapeutic target was supported by
host of preclinical research. Initial work showed that aged
PD-1 knockout mice spontaneously acquired autoimmune
disease, providing proof of the receptor’s role in immune
response regulation.24 In addition, deficiency of PD-1 in mice
enhances cytotoxic CD8 T-cell activity and increased their
immune response to viral infection.23
The PD-1 receptor is expressed by activated T cells,
natural killer cells, and myeloid cells and has two ligands:
PD-L1 (or B7-H1) and PD-L2 (or B7-DC). The PD-1 ligand,
PD-L1, varies in expression and location between different
cells and is found to be highly expressed on tumor cells
and virus-infected cells. Evaluation of PD-1 function in
transgenically expressed PD-L1 tumor cells transplanted
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into mice has shown that, when PD-L1 is highly expressed
within the tumor, there is an inhibition of CD8 T-cellmediated cytotoxicity and promotion of tumor growth.25
This effect was reversed with the use of PD-1 antibody in
this model. These findings support that tumors expressing
PD-L1 have the potential to escape immune surveillance.
Another means by which PD-1 activation can promote
a protumor immune environment is the effect on CD28mediated costimulation. An imbalance of PD-L1 and the
costimulatory B7.1 and B7.2 signals on APCs can affect
the extent of T-cell activation and lead to a balance between
tolerance and autoimmunity.25,26
The binding of PD-1 receptor to one of its two ligands,
PD-L1 or PD-L2, results in a series of intracellular events
culminating in the inhibition of TCR function and T-cell proliferation, thereby affecting the potential immune response.23
Additionally, activation of the PD-1 receptor by ligand
binding affects lymphocyte function through a variety of
intracellular pathways including inhibition of cell survival
proteins (eg, BCL-2), decreased metabolic activity through
downregulation of GLUT-1 transporter proteins, and altered
cell cycle progression.27 These biological findings supported
PD-1 and the PD-1 ligand as potential targets for immunotherapy drug development.
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Early development of
pembrolizumab
Pembrolizumab (Keytruda®, also previously known
as MK-3475 and lambrolizumab; Merck & Co., Inc.,
Kenilworth, NJ, USA) is a highly selective monoclonal
IGg4-kappa isotype antibody that selectively binds to PD-1
blocking the receptor’s negative impact on lymphocyte
function. Of note, this IG4 subtype does not engage Fc
receptors and, therefore, avoids the cytotoxic effects when
it binds to PD-1 on the T cells.28 Pembrolizumab has been
explored in a series of trials in patients with advanced
melanoma (Table 1). It was first tested in a Phase I dose
escalation study in patients with solid tumors, and it was
deemed safe at dose levels of 1, 3, and 10 mg/kg (based
on body weight) given every 2 weeks without exceeding
the maximum tolerated dose. Positive clinical responses
were observed at all dose levels used, particularly in those
with melanoma.29
Critical to the evaluation and approval of pembrolizumab in melanoma was the Phase Ib Keynote-001 study.
This trial investigated the safety and efficacy of different
doses and schedules of pembrolizumab in a variety of
cohorts in advanced melanoma patients.30 The cohort that
was pivotal to the initial FDA approval of pembrolizumab
evaluated pretreated melanoma patients who had failed
ipilimumab and BRAF-targeted therapy (if BRAF mutant).
These patients were randomized to receive either pembrolizumab 2 mg/kg every 3 weeks (n=89) or 10 mg/kg every
3 weeks (n=84). Patients were allowed to continue therapy

until confirmed progressive disease (confirmed 4–6 weeks
postinitial evidence of progression) or development of
severe or intolerable toxicity. The primary efficacy outcomes for the trial were confirmed response rate and duration of response. Clinical characteristics of the patients in
Keynote-001 demonstrated that most of the patients were
heavily pretreated (73% with ≥2 prior therapies) and had
poor prognostic features such as M1c status (82%). The
confirmed overall response rate was similar between the
groups at 24%. Toxicity was deemed acceptable with common side effects including fatigue, nausea, cough, rash, and
diarrhea. Grade ≥3 side effects were uncommon, and <10%
of patients needed to stop therapy due to side effects. Based
on this information, pembrolizumab was granted accelerated approval by the FDA in 2014.
Updated results of Keynote-001 including a pooled analysis of efficacy data in advanced melanoma patients have been
published, demonstrating an overall response rate of 34%,
with the response being durable in 80% of these patients.31
Interestingly, the median OS for all patients treated with pembrolizumab in the trial was 23.8 months, and the 36-month OS
rate was 40% highlighting the long-term benefit of pembrolizumab.32 In comparison, advanced melanoma patients treated
with ipilimumab had shown an average OS of 10–11 months
in earlier Phase III studies33,34 and historic median survival
prior to modern melanoma therapies has been in the range
of 6–9 months. The findings from Keynote-001 supported
the further exploration of pembrolizumab in patients with
advanced melanoma.

Table 1 Pivotal trials of pembrolizumab supporting FDA approval in metastatic melanoma
Clinical trial N

Treatments

Keynote-00130 173 2 mg/kg every 3 weeks
(n=89) or 10 mg/kg
every 3 weeks (n=84)
Keynote-00233 540 Pembrolizumab
10 mg/kg every 3 weeks,
pembrolizumab
2 mg/kg every 3 weeks,
versus chemotherapy
Keynote-00634 834 10 mg/kg every 2 weeks
versus every 3 weeks
versus ipilimumab

ORR

PFS

Median OS

Grade ≥3
toxicity rate

ORR: 34%

35% 12-month PFS

Median OS
25.9 months

10%

ORR: 38, 46, and 8%,
respectively
CR: 2, 3, and 0%,
respectively
PR: 19, 23, and 4%,
respectively
33.7 and 32.9% for
pembrolizumab groups,
respectively, versus
11.9% for ipilimumab
CR rate of 5–6% in the
pembrolizumab arms and
1.4% in ipilimumab arm

6-month PFS was 34% in
pembrolizumab
2 mg/kg group, 38% in the
10 mg/kg group, and 16%
in the chemotherapy
group
5.5-month PFS for the
pembrolizumab every
2 weeks arm, 4.1-month
PFS for pembrolizumab
every 3 weeks arm, and
2.8-month PFS for the
ipilimumab arm

Not reached

11–14% in
pembrolizumab and
26% in chemotherapy

12-month OS rates
were 74.1, 68.4, and
58.2%, respectively
24-month survival
rates of 55.1, 55.3,
and 43.0%,
respectively

10–13.3% in the
pembrolizumab arms
and ~20% in the
ipilimumab arm

Note: N, number of patients in study.
Abbreviations: CR, complete response; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; FDA, Food and Drug Adminstration.
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Pembrolizumab in comparative
studies for advanced melanoma
Following Keynote-001, two comparative studies in
advanced melanoma were performed. The Keynote-002 trial
explored the use of either pembrolizumab or investigator
choice of cytotoxic chemotherapy in melanoma patients
who were refractory to ipilimumab treatment.35 This Phase
II trial enrolled 540 patients and randomized them equally
to one of the three treatment arms, pembrolizumab 10 mg/kg
every 3 weeks, pembrolizumab 2 mg/kg every 3 weeks, and
chemotherapy (investigator chose between paclitaxel with
carboplatin, paclitaxel, carboplatin, dacarbazine, or temozolomide). Stratification factors included lactate dehydrogenase (LDH) status, BRAF status, and Eastern Cooperative
Oncology Group (ECOG) performance status. Although all
patients were required to have prior ipilimumab, most were
heavily pretreated with >70% of patients receiving ≥2 prior
therapies (other treatments included interlukin-2 (IL‑2),
chemotherapy, and BRAF/MEK inhibitors). The primary
endpoint of progression-free survival (PFS) was shown to
be improved in the pembrolizumab arms compared to the
chemotherapy arm. The 6-month PFS rate was 34% in the
2 mg/kg pembrolizumab arm, 38% in the 10 mg/kg pembrolizumab arm, and 16% in the chemotherapy arm. Post hoc
analysis revealed a median PFS of 5.4, 5.8, and 3.6 months
in the groups, respectively. Response rates among the arms
were also improved in the pembrolizumab groups, with 21
and 25% of patients with RECIST-defined responses in the
two pembrolizumab arms and 4% in the chemotherapy arm.
Duration of response was not reached in the pembrolizumab
arms at the time of publication. On Forest plot analysis of
PFS across predefined subgroups, pembrolizumab was
favored over chemotherapy in all categories, including age,
sex, performance status, LDH status, and BRAF presence
of mutation. Tolerability also was improved in the pembrolizumab arms as evidenced by fewer grade ≥3 events, with
a rate of 11–14% in the pembrolizumab arms and 26% in
the chemotherapy arm. Discontinuation rates due to toxicity
were 3 and 7% in the two pembrolizumab arms. Common
side effects seen in the pembrolizumab groups included
fatigue, pruritis, and rash. The results of the Keynote-002
trial further supported pembrolizumab as a standard of care
option for advanced melanoma patients who have failed
ipilimumab therapy.
Evaluation of pembrolizumab in ipilimumab-naive
metastatic melanoma patients was done in the Keynote-006
study.36 In this Phase III trial, patients were randomized in a
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1:1:1 ratio to receive pembrolizumab at a dose of 10 mg/kg
every 2 weeks or every 3 weeks or ipilimumab at a dose of
3 mg/kg every 3 weeks for four cycles. Prior therapies were
allowed in the study with the exclusion of prior PD-1, PD-L1,
or CTLA-4 inhibitor therapies. Patients who had mutant
BRAF were allowed to enroll without prior BRAF inhibitor
therapy as long as LDH was not elevated. The intent of this
criterion was to exclude those patients with potentially rapidly
progressing disease that could be controlled with BRAFtargeted therapy. The trial had two coprimary endpoints of
PFS and OS.
The study randomized 834 metastatic melanoma patients to
therapy in the trial with key characteristics including two-thirds
of patients being treatment naive, a third of patients having
BRAF mutant melanoma, and two-thirds of patients with M1c
status. Patients were required to have an ECOG status of 0 or
1 to enter the trial, with 70% entering having a performance
status of 0. PFS was found to be significantly prolonged in both
of the pembrolizumab treatment arms compared to ipilimumab.
The median PFS was 5.5 months for the pembrolizumab every
2 weeks arm, 4.1 months for the every 3 weeks arm, and
2.8 months for the ipilimumab arm. Additionally, landmark
6-month PFS rates were 47.3, 46.4, and 26.5%, respectively.
Objective response rates were also notably improved in the
pembrolizumab arms at 33.7 and 32.9% compared to 11.9%
for ipilimumab, respectively. Complete responses were seen
in 5-6% of patients receiving pembrolizumab compared to
1.4% of patients receiving ipilimumab. The average time to
response was similar in all groups (85–87 days). At the time
of initial publication, median OS was not reached in any of the
treatment arms; however, landmark 12-month OS rates were
74.1, 68.4, and 58.2%, respectively. A follow-up presentation
of OS data at ASCO 2016 reported 24-month survival rates
of 55.1, 55.3, and 43%, respectively.37
Toxicity also appeared improved in patients receiving
pembrolizumab on the KEYNOTE-006 trial compared to
ipilimumab-receiving patients. Grade ≥3 adverse events
were described as 10.1–13.3% in the pembrolizumab groups
compared to 19.9% in the ipilimumab group. More patients
required discontinuation due to toxicity from ipilimumab
(9.4%) compared to the pembrolizumab groups (4–6.9%).
Common toxicities from pembrolizumab included fatigue,
diarrhea, rash, and pruritis. Based on the results of the KEYNOTE-006 study, pembrolizumab’s approval was extended to
the front-line setting for patients with metastatic melanoma,
in addition to patients who had already progressed on prior
ipilimumab or BRAF-targeted therapy.
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Combination studies with
pembrolizumab
The CTLA-4 and PD-1 pathways appear to have complementary roles in suppressing T-cell function, both in the timing
of their induction and the location of their activity. CTLA-4
has its function in the early stages of immune cell activation
and primarily in the lymphatic tissues, whereas PD-1 function
occurs later in the immune process resulting in lymphocyte
exhaustion at the site of immune impact, for example, in
the tumor microenvironment. Preclinical modeling showed
higher levels of antitumor efficacy when both CTLA-4 and
PD-1 pathways were inhibited.38 These findings led to a series
of trials evaluating the role of ipilimumab and nivolumab in
combination for advanced melanoma. A Phase I trial with
this combination showed a response rate of 53% in the highest tolerable dose, with all patients having deep responses
of ≥80% tumor burden size reduction.39 The combination
treatment in this study also resulted in an increased immune
toxicity profile with grade ≥3 events in approximately half
of patients. The results from this trial led to larger Phase II
and Phase III randomized studies exploring this combination of checkpoint inhibitors.40,41 The Checkmate 067 Phase
III trial explored the combination in untreated patients with
stage III–IV unresectable melanoma. The study was designed
as a double-blinded Phase III randomized trial where monotherapy with nivolumab or ipilimumab was compared with
the combination of nivolumab and ipilimumab. The median
PFS was 11.5 months for nivolumab and ipilimumab as
compared to 2.9 months for ipilimumab alone and 6.9 months
for nivolumab alone. Additionally, response rates were dramatically higher in the combination group (57.6%) than in
nivolumab (43.7%) or ipilimumab (19%). Immune-related
toxicity was notable, with 36% of patients discontinuing
therapy due to adverse events in the combination group. This
study led to the FDA approval of this drug combination in
2015 based on encouraging results using these two check
point inhibitors.
Subsequently, an interest in combining pembrolizumab
with ipilimumab led to the Keynote-029 trial, which was
designed to evaluate standard dose pembrolizumab with
lower ipilimumab dosing in order to improve the toxicity
profile. Data from an expansion cohort in the KEYNOTE-029
study have been recently presented.42 This cohort included
153 patients with advanced melanoma with no active brain
metastasis and no prior immune checkpoint inhibitor therapy.
The treatment scheme utilized was pembrolizumab 2 mg/
kg every 3 weeks and ipilimumab 1 mg/kg every 3 weeks
for four doses followed by 2 mg/kg of pembrolizumab
438
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until intolerable toxicity, progression, or 2 years of therapy.
Characteristics of these patients included 36% who carried
the BRAF V600E mutation, 13% received ≥1 prior therapy,
and 12% received a prior BRAF ± MEK inhibitor. Eightyfour percent of the patients had PD-L1-positive tumors
(defined as ≥1% staining in tumor and adjacent immune
cells). Adverse events related to immune activation of any
grade were reported in 53% of the patients and 20% had a
grade 3–4 severity. The overall response rate was 51%, with
9% of patients achieving a complete remission. Given the
encouraging efficacy and lower grade 3/4 toxicity rate, further
evaluation of this combination is expected.
In addition to the combination of available immune checkpoint inhibitors, many other strategies to explore the addition
of novel agents to pembrolizumab are underway. Many of
these combinations are in early phase testing; however, a few
combinations have made it to late phases of clinical trial testing.
Pembrolizumab is being studied in combination with talimogene laherperavec (also known as Imlygic or T-VEC) in the
Masterkey-265 Phase Ib/III trial. T-VEC is an oncolytic virus,
based on a modified herpes simplex strain, which has been
shown to be effective in the management of advanced melanoma patients with superficial metastatic disease (eg, cutaneous
and superficial nodal metastases).43 The virus is directly injected
into melanoma tumors where it is able to infect and replicate
in the cancerous cells resulting in cell lysis. The virus also has
been designed to encode the granulocyte macrophage colony
stimulating factor (GM-CSF) protein, which results in additional immune stimulus in the tumor microenvironment upon
cell lysis. T-VEC has been approved for patients with metastatic
melanoma and superficial injectable disease. Presentation of
the Phase Ib portion of the Masterkey trial combining T-VEC
with pembrolizumab was presented at ASCO in 2016.44 The
combination had a confirmed response rate of 48% and a 33%
grade ≥3 toxicity rate. The trial has currently transitioned into
a Phase III comparative study evaluating T-VEC with pembrolizumab versus pembrolizumab with placebo.
Another late phase study that has now completed
enrollment and is awaiting results is the ECHO-301 trial
(NCT02752074). This study is evaluating epacadostat, which
is a novel immunomodulatory drug inhibiting activity of the
indoleamine 2,3-dioxygenase (IDO) enzyme. IDO plays an
important role in tryptophan metabolism in the tumor microenvironment and has been shown to support tumor immune
escape. In a Phase I trial, epacadostat and pembrolizumab
were studied in advanced solid tumors and included a melanoma cohort of patients.45 In the melanoma cohort (n=19),
the response rate was 57% and a disease control rate of 73%
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was observed. Common toxicities included fatigue, diarrhea,
rash, arthralgias, and nausea, which are similar to pembrolizumab alone toxicities. The promising results of this study
have led to the ECHO-301 trial, which has enrolled advanced
melanoma patients to receive either pembrolizumab with
epacadostat or pembrolizumab with placebo.
A variety of other trials evaluating pembrolizumab combination treatments are underway, including combinations
with BRAF and MEK inhibitors, other unique immunecheckpoint inhibitors, vaccines, cytotoxic therapies, and
radiation therapy (Table 2). Recent search on clinicaltrials.
gov reveals >70 combination studies with pembrolizumab
in melanoma alone. Based on pembrolizumab’s efficacy and
acceptable toxicity profile, it is easy to understand the rationale for wanting to combine it with other agents. However,
identifying which are the most effective combinations and
how to apply them clinically, based on individual patient
tumor “immune phenotypes”, will certainly be a challenging
task for years to come.

Pembrolizumab in the adjuvant
setting
Highly effective adjuvant therapy for high-risk resected
stage II and III melanoma has been lacking for decades.
In the 1990s, interferon was FDA approved based on

improvement in recurrence-free survival (RFS) compared
to placebo; however, no OS advantage has been seen with
the drug.46 Subsequent studies of interferon evaluating
various dosing schedules and combinations with other
agents such as vaccines and cytotoxics also have failed to
improve OS outcomes in randomized trials. Additionally,
interferon has a high toxicity profile with poorly tolerated
flu-like symptoms being common. A PEGylated form of
interferon was FDA approved in 2011 based on improved
RFS compared to placebo, but still there was no improvement survival; however, this new formulation is more
convenient to administer.47
In 2015, results of the EORTC 18071 randomized trial of
high-dose ipilimumab (10 mg/kg) versus placebo led to FDA
approval with improvement in RFS noted, although at the cost
of a high toxicity profile, with frequent grade 3/4 toxicities
and a discontinuation rate of ~50%.48 A subsequent update
of OS showed ipilimumab demonstrating a 5-year absolute
improvement in the survival of 11% compared to placebo
and a 28% reduction in the risk of death hazard ratio ([HR]
0.78, P=0.001). Given the apparent superiority of the PD-1
inhibitors nivolumab and pembrolizumab over ipilimumab
in trials of patients with metastatic melanoma, a series of
new studies evaluating PD-1 inhibition in high-risk resected
melanomas have been undertaken.

Table 2 Selected late phase trials of combination trials for advanced unresectable melanoma and Phase III adjuvant studies for resected
high-risk melanoma
Clinical trial

Study design

Study population

N

Primary endpoint

Keynote-022
(NCT02130466)

Phase I/II trial multiple cohort study evaluating
dabrafenib/trametinib/pembrolizumab
combination therapy in patients with advanced
BRAF mutant melanoma and trametinib/
pembrolizumab in patients with advanced
non-BRAF mutant melanoma
Phase Ib/III trial of T-VEC + pembrolizumab
versus placebo + pembrolizumab

Metastatic unresectable melanoma;
immune checkpoint inhibitor and
BRAF/MEK inhibitor naive

219

DLT frequency in
Phase I portion; PFS in
Phase II portion

Metastatic unresectable melanoma;
no prior immune checkpoint
therapy; BRAF mutant melanoma
patients are allowed to have had
BRAF or MEK inhibitor therapy
Metastatic unresectable melanoma;
treatment naive

660

DLT frequency (Phase
Ib portion); PFS and
OS (Phase III portion)

Keynote-034
(NCT02263508)

Keynote-252/
ECHO-301
(NCT02752074)
Keynote-054
(NCT02362594)
S1404 (NCT02506153)

Phase III study of pembrolizumab plus
600
epacadostat versus pembrolizumab plus
placebo in unresectable or metastatic melanoma
Phase III study of adjuvant pembrolizumab
Completely resected stage IIIA/B/C 900
versus placebo in resected, high-risk melanoma (>1 mm node involvement);
adjuvant treatment setting
Phase III study of adjuvant pembrolizumab
Completely resected stage IIIA/B/C, 1,378
versus high-dose interferon or ipilimumab in
IV; adjuvant treatment setting
resected, high-risk melanoma

PFS and OS

RFS; RFS in PD-L1expressing patients
OS; RFS; OS based
on PD-L1 expression;
RFS based on PD-L1
expression

Note: N, number of patients to be enrolled in study.
Abbreviations:, DLT, dose-limiting toxicity; PFS, progression-free survival; OS, overall survival; RFS, recurrence-free survival; PD-L1, programmed death-ligand 1 receptor;
T-VEC, talimogene laherperavec.
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Pembrolizumab is being evaluated in two separate randomized Phase III trials. In Keynote-054, pembrolizumab
is being compared to placebo in patients with IIIA (>1 mm
involvement in lymph node), IIIB, and IIIC melanoma, which
has been completely resected. RFS in all the subjects and
in the subset of subjects with PD-1 ligand expression in the
resected tumor is the primary endpoint. Secondary endpoints
include distant metastatic-free survival and OS. This study
has completed accrual and is awaiting data maturation for
publication. In a separate adjuvant study conducted in the
cooperative group setting, S1404 is evaluating pembrolizumab compared to investigator’s choice of high-dose interferon or high-dose ipilimumab for resected high-risk stage III
melanoma (stages IIIA, IIIB, IIIC, and IV). Baseline PD-1
ligand testing of the tumor is being performed, and patients
are being stratified by expression status. Primary endpoints
include OS, RFS, and PD-L1 expression status.49 Of note,
similar studies with nivolumab are also being conducted but
not yet reported. Hopefully, these trials with PD-1 inhibitors
will further advance outcomes for patients with high-risk
melanoma who currently have limited options in this setting.

Biomarkers for pembrolizumab in
melanoma
With the advent of effective therapy for melanoma, the
development and validation of predictive biomarkers has
been an important goal of the last several years. The discovery of a single or group of markers predicting response
could help define a subset of patients who are more likely
to benefit from a particular immunotherapy or combination
of therapies. A validated biomarker could also help save a
person from exposure to unnecessary cost and toxicity if
a treatment is known to unlikely be beneficial. For single
agent PD-1 inhibition, such as pembrolizumab therapy, the
expression of PD-ligand expression in the tumor was a clear
initial candidate for biomarker development. The hypothesis
would be that if a patient’s melanoma tumor expresses ligand,
which activates the PD-1 pathway, then perhaps this is a
relevant therapeutic target for their disease. Tumor cell and
intratumoral immune cell immunohistochemical expression
of PD-1 ligand has been evaluated as a biomarker in the
pivotal studies with pembrolizumab and has been a stratification factor in randomized trials. In the Phase III comparison
study of pembrolizumab and ipilimumab, PD-1 ligand tumor
expression was evaluated with ~80% of patients in the study
defined as positively expressing the ligand (≥1% staining
cutoff for positive). In this study, there was a PFS benefit of
pembrolizumab over ipilimumab regardless of PD-1 ligand
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expression pattern. Albeit it was a small subset, evaluation of
OS in the PD-1 ligand-negative group showed no difference
in OS in subgroup analysis between the arms, suggesting that
these patients do just as well with PD-1 inhibition or ipilimumab. There have been a variety of pitfalls to PD-1 ligand
expression as an effective biomarker including a disputable
expression percentage cutoff, whether to measure tumor cell
or immune cell expression, heterogeneity of expression both
intratumorally as well as among different metastatic tumors,
and a variety of different antibodies used for expression
analysis. Finally, there are a significant percentage of patients
with PD-1 ligand nonexpressing tumors, no matter the cutoff
implemented, who benefit from PD-1 inhibitor-based therapy.
Given the basic biology of immune function with the
recognition of antigen as an important trigger for activation of a sustainable immune response, evaluation of tumor
antigen production has been another promising biomarker
candidate. Melanomas are known to have a very high mutational load, with ultraviolet (UV) radiation inducing hundreds
to thousands of point mutations in tumor cell DNA.50 In an
exploratory study of patients treated with ipilimumab, whole
genome sequencing was done on melanoma tumor samples
and matched blood samples to analyze somatic mutations and
the neoantigens generated from these mutations. Researchers
found that the mutational load and specific neoantigen expression by tumor cells were linked to a benefit from CTLA-4
blockade in these patients with melanoma.51 This concept of
higher mutational load creating a broad neoantigen landscape
was found in patients with non-small-cell lung cancer as
well.52 Mutational load and neoantigen profiling have become
the most intriguing biomarker candidates, which have made
their way into several prospective melanoma studies.
An additional candidate biomarker profile has been to
evaluate the patterns of immune cell infiltration into melanoma tumors. Taube et al53 found that infiltrating immune
cells were geographically associated with PD-L1 expression
and that immune activity in the tumor milieu was associated
with PD-L1 expression in tumor cells and tumor immune
infiltrates. Importantly, tumor cell PD-L1 expression correlated highly with the response to anti-PD-1 treatment.53
Another report reported the correlation between tumor
infiltrating CD8+ T cells (killer lymphocytes) and tumor
radiographic response.54 Patients with higher pretreatment
CD8 cell infiltration, as well as PD-1 and PD-L1 expression
both inside the tumor and at the tumor margins, had a higher
radiographic response.54 In the same report, the pretreatment
density of CD8+ T cells was closely associated with clinical
response to PD-1 blockade.
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Ongoing comparative and combination trials are evaluating many of these new potential biomarker candidates either
in all or in a subset of the trial population. This is critically
important to build datasets that can tease out the most relevant
biomarker to help select appropriate therapy in the future.

Conclusion
Pembrolizumab has become a critical addition to the therapeutic options for the management of melanoma. With a
series of clinical trials, which have supported its role as an
effective and tolerable agent compared to other standard
therapies, it has gained FDA approval and widespread use
in patients with advanced or metastatic melanoma. Pembrolizumab has been shown to improve survival outcomes for
patients with advanced melanoma making it one of just a
handful of agents to be able to do so in this disease. Currently,
it is approved in the USA for front-line use in metastatic
melanoma and in patients previously treated with ipilimumab
and/or BRAF-targeted therapy.
Despite the effectiveness of this new generation of agents,
a large subset of patients will still succumb to this disease,
which demands further research to improve patient selection
for best therapy and evaluation of more broadly effective
combinations. The specific utilization of pembrolizumab in
melanoma therapy may change in the future to meet these goals
as several early combination trials with the agent have shown
great potential to be more effective and not sacrifice tolerability.
In fact, multiple combinations with a variety of agents could
result in positive trial findings, making biomarker discovery
and validation critical to identifying what patient population
may benefit the most from a particular combination therapy.
Despite the large task ahead to further improve therapeutic
outcomes, the rapid advances in just the last few years for this
disease including the development of pembrolizumab give
great hope that these goals are achievable in the near future.
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