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Practice points

e Theincidence of malignant melanoma is rising.
e Immune checkpoint inhibitors have significantly improved overall survival for patients with metastatic melanoma.

e Pembrolizumab is an anti-PD1-humanized monoclonal IgG4-kappa isotype antibody, which binds to the PD-1 protein
expressed on the surface of immune cells.

e Inhibition of this checkpoint increases effector T-cell activity in the tumor microenvironment with substantial
anti-cancer effects.

e Pembrolizumab is licensed in the USA, Europe and Australia for treatment of patients with metastatic melanoma.

e Early-phase trials of pembrolizumab demonstrate encouraging and durable responses at all dose-levels and
schedules tested.

e Pembrolizumab is superior to cytotoxic chemotherapy in patients refractory to ipilimumab and BRAF-targeted therapies.

e Recent Phase lll data have confirmed a significant progression-free and overall survival advantage over ipilimumab in
the first-line setting.

e Pembrolizumab is a safe, well-tolerated drug with a lower incidence of serious adverse effects compared with
ipilimumab.

e Common side effects include fatigue, pruritus, rash and diarrhea.
e Specificimmune-related adverse events include hypothyroidism, hyperthyroidism, colitis and hepatitis.
e Nodrug-related deaths have been reported.

e Benefit of pembrolizumab in combination with other immunotherapies and targeted therapies is yet to be established.

e Efficacy in the adjuvant setting is under investigation.

Pembrolizumab is a humanized IgG4 anti-PD-1 antibody that plays a major role in the
treatment ofadvanced melanoma. Through blockade of PD-1, itleadstoanincrease in effector
T-cell activity in the tumor microenvironment. Clinical trial outcomes for pembrolizumab in
addition to pharmacokinetics, pharmacodynamics and safety of the compound are discussed
in this article. Phase | trials have demonstrated safety and efficacy of pembrolizumab in
advanced, pretreated melanoma patients. When compared with chemotherapy in a Phase Il
trial of ipilimumab-refractory patients, those treated with pembrolizumab showed superior
progression-free survival. In addition, in the pivotal Phase lll trial pembrolizumab improved
overall survival compared with ipilimumab in patients naive toimmune checkpointinhibition.
Pembrolizumab is well tolerated and has a favorable safety profile. Common adverse events
are fatigue, rash, itching and diarrhea. Less frequent immune-related adverse events include
hypothyroidism, colitis, hepatitis and pneumonitis.

Future =7
The Royal Marsden Hospital, Fulham Road, London, SW3 6JJ, UK d e e 88
*Author for correspondence: Tel.: +44 20 7811 8576; Fax: +44 20 7811 8103; james.larkin@rmh.nhs.uk M e ICI n e part of

10.2217/mmt.15.33 © 2015 Future Medicine Ltd Melanoma Manag. (2015) 2(4), 315-325 ISSN 2045-0885 315



DRUG EVALUATION spain, Younger, Hatipoglu & Larkin

KEYWORDS

e anti-programmed
death-receptor-1 « immune
checkpoint inhibitor

e immunotherapy

» metastatic melanoma

¢ MK-3475 » pembrolizumab
e response ¢ safety ¢ survival

316

Background

The incidence of malignant melanoma in the
UK has been rising over the last 40 years [1].
Lifetime risk for men is one in 55 and for women
is one in 56 [1]. The incidence of melanoma in
children and young adults has more than dou-
bled in this time frame but much of this is due to
earlier detection of primary tumors [2]. A greater
proportion of young patients suffer from mela-
noma relative to other malignancies such as lung
and colorectal cancer which tend to occur later
in life. Risk of metastatic disease is increased in
those with ulcerated, thick primary tumors and
lymph node involvement. Fortunately, for those
who develop metastatic disease, effective thera-
pies that prolong survival have become available
in the last few years.

The management of metastatic melanoma has
changed substantially with the development of
targeted therapies that inhibit oncogenic driv-
ers and immunotherapies that augment cell-
mediated defense. Previously, no survival benefit
had been demonstrated with chemotherapy over
best supportive care [3]. High-dose Interleukin 2,
while effective in inducing remission in a small
number, was associated with considerable tox-
icity [4]. Agents such as vemurafenib and dab-
rafenib improve survival relative to dacarbazine
for patients whose tumors harbor a BRAF muta-
tion [5-7]. Combination of these agents with
MEK inhibitors further improves response rate
and survival compared with BRAF inhibition
alone [8-10). The average duration of benefit is
9-12 months with the combination [8-11] and
patients need to be maintained on these agents
for ongoing disease control. In the major-
ity, acquired resistance to BRAF inhibitors
eventually develops [12,13].

There are two main classes of effective
immune checkpoint inhibitors in advanced mel-
anoma. The first includes a monoclonal antibody
directed against CTLA4 called ipilimumab.
The second are monoclonal antibodies directed
against the PD-1 such as pembrolizumab and
nivolumab. A third class of antibody directed
against the PD-L1 has also been developed.

Immune checkpoint inhibitors enable aug-
mented antitumor immunity by blocking sig-
nals that inhibit an activated immune response.
Around 20% of patients treated with ipilimumab
are alive at 3 years according to a pooled analysis
of several trials (14]. This is balanced against a
risk of moderate to severe but manageable toxic-
ity in 20-27% [15.16]. The PD-1 inhibitors have
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a more tolerable side effect profile but are given
for a longer duration. The reported survival rate
of 41% for nivolumab at 3 years is superior to
ipilimumab, although this figure is currently
derived from a single Phase I study [17].

Pembrolizumab, also known as MK3475 and
originally called lambrolizumab, has been shown
to improve survival in patients naive to immune
checkpoint inhibition when compared with ipili-
mumab [16]. It is also active in patients whose
melanoma has progressed on ipilimumab and
BRAF inhibitors [18,19]. This article will detail its
development, safety profile and current place in
the dynamic field of melanoma treatment.

Overview of the market

The last 4 years have seen three immune check-
point agents developed and licensed for the
treatment of advanced melanoma: ipilimumab,
nivolumab and pembrolizumab. Others, such
as anti-PD-L1 antibodies, are only available in
clinical trials. BRAF inhibitors such as vemu-
rafenib and dabrafenib also remain important
licensed treatment options.

Nivolumab was the first anti-PD-1 therapy
to be developed and is the main market com-
petitor for pembrolizumab. Compared with
dacarbazine, in untreated patients it is superior
in its overall response rate (ORR; 40 vs 13.9%)
and improves overall survival (73 vs 42% at
1 year) [20]. In ipilimumab-treated patients,
nivolumab has superior efficacy, progression-
free survival (PFS) and fewer side effects than
chemotherapy [21]. Long-term follow-up has
confirmed its safety [22]. It is also superior
to ipilimumab in the first-line setting with
regards to median PFS (6.9 vs 2.9 months) [15].
The administration schedule differs from
pembrolizumab in that it is given 2 weekly
rather than 3 weekly. In patients who have an
objective tumor response, these responses are
durable and there is a low rate of serious side
effects [20-22]. No head-to-head comparison
of nivolumab with pembrolizumab has been
undertaken.

Until recently, ipilimumab was the only
immune checkpoint inhibitor licensed for treat-
ment of advanced melanoma. Improved over-
all survival was demonstrated in both treated
and untreated melanoma patients in two key
studies representing a breakthrough in this
field [23.24]. It has now been established that com-
bination immunotherapy with ipilimumab and
nivolumab results in superior response rates and
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improved PFS but more toxicity than with either
agent alone [15.25]. A study combining pembroli-
zumab with ipilimumab is currently recruiting
(NCT02089685).

In a Phase I study across multiple tumor
types, anti-PD-L1 inhibition was associated
with objective responses in 17% of patients
with melanoma and had a favorable toxicity
profile [26]. It continues to be evaluated in clini-
cal trials but no product is licensed for use in
the open market.

The BRAF inhibitors dabrafenib and
vemurafenib remain therapeutic options with
associated survival benefit compared with
chemotherapy in patients with BRAF-mutant
melanoma, with or without the addition
of a MEK inhibitor [5,7-10.27]. Due to rapid
and profound responses in the majority of
patients [8-10], their use is favored as first-line
treatment in patients with a critical burden
of disease. Vemurafenib in conjunction with
ipilimumab has also been evaluated [28] but was
noted to cause profound hepatotoxicity. Other
trials involving dabrafenib and trametinib with
an anti-PD-L1 antibody as well as vemurafenib
in combination with a different anti-PD-L1
compound are ongoing (NCT02027961 and
NCTO01656642). Although there is emerging
evidence that BRAF inhibitors may favorably
alter the tumor microenvironment and antigen
expression [29], thereby enhancing efficacy of
the checkpoint inhibitors, retrospective reviews
suggest patients who receive ipilimumab sub-
sequent to BRAF inhibition may have a worse
outcome [30,31].

Both BRAF and immune checkpoint inhibi-
tors have been evaluated in the adjuvant setting.
Ipilimumab has demonstrated an improvement
in recurrence-free survival in resected stage I11
patients compared with placebo [32]. It is not
considered standard of care however due to the
selection of a higher dose (10 mg/kg as opposed
to 3 mg/kg), considerable toxicity including
treatment-related deaths and lack of a dem-
onstrated overall survival advantage to date.
We await the results of the studies evaluating
BRAF inhibitors. A randomized controlled
trial evaluating pembrolizumab versus placebo
in the same population is currently recruiting

(NCT02362594).

Introduction to the compound
Pembrolizumab is a humanized anti-PD-1
monoclonal IgG4-kappa isotype antibody [19].
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It targets PD-1, a cell surface membrane protein
that functions as an inhibitory immune check-
point receptor, helping to regulate the T-cell
response and prevent autoimmunity [33,34]. PD-1
is expressed on immune response cells such as
dendritic cells, B cells, T cells and monocytes.
T-cell receptor activation results in upregulation
of PD-1 expression [35,36], helping to counterbal-
ance a stimulated immune system. The PD-1
protein has two ligands, PD-L1 and PD-L2.
PD-LI is expressed by antigen presenting cells,
activated T cells, other immune cells, nonhe-
matopoietic cells as well as tumor cells [34.37-38].
PD-L2 is found on macrophages, dendritic cells
and B cells [37]. Although PD-L2 is expressed in
some malignancies [39-41], its role in this setting
is less defined than PD-LI.

Pharmacodynamics

A high level of PD-L1 expression is seen in dif-
ferent tumor types, including melanoma [42].
When PD-1 binds to PD-L1, the activity of
primed effector T cells is inhibited and they are
driven to apoptosis [42.43]. This assists tumor
cells evade immune attack. By contrast, inter-
rupting this binding enables greater interac-
tion between T cells and dendritic cells, pro-
motes T-cell activation and results in increased
secretion of cytokines that enhance antitumor
immune activity [44,45]. Therefore, pembroli-
zumab, by blocking the interaction of PD-1 with
its ligands, can lead to enhanced effector T-cell
activity in the tumor microenvironment.

Pharmacokinetics & metabolism
Pembrolizumab is administered intravenously
and has a distribution volume of 7.7 | at steady
state. It is eventually degraded into amino acids
which are then recycled into different proteins
in the body [46].

From the Phase I studies, population phar-
macokinetics showed a mean clearance of
0.22 I/day and elimination half-life (t,,,) of
26 days [18.19]. Patients who received the agent
every 3 weeks had steady concentrations by week
18. In addition, administration of 2 mg/kg up
to 10 mg/kg of pembrolizumab every 3 weeks
caused a proportional increase in maximum con-
centration (C__ ), through concentration (C__ )
and area under the curve plasma concentration
versus time (i.e., 0.643 gl/day in patients given
2 mg/kg pembrolizumab and 3.77 gl/day in the
cohort given 10 mg/kg pembrolizumab). Renal
impairment and mild hepatic impairment do
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not affect the clearance of pembrolizumab [18,47].
Pharmacokinetic characteristics are summarized
in Box 1.

Clinical efficacy

¢ Phasel

In 2012, the first in-human study evaluating
the safety of pembrolizumab in the treatment
of advanced solid malignancies was published in
abstract form [48]. In this open-label, dose-escala-
tion study, cohorts of 3—6 patients (3 + 3 design)
were enrolled at doses of 1, 3 and 10 mg/kg.
After an initial 28-day cycle, patients contin-
ued treatment every 2 weeks with Response
Evaluation Criteria in Solid Tumors (RECIST)
evaluation every 8 weeks. Nine patients, three at
each dose level, completed the dose-limiting tox-
icity period. Patients had NSCLC (n = 3), rec-
tal cancer (n = 2), melanoma (n = 1), carcinoid
(n = 1) and sarcoma (n = 1). Antitumor effects
were observed. Final data, which included seven
additional patients, demonstrated particularly
encouraging results for those with melanoma [49].
One patient had a complete response at 57 weeks
and three patients had partial response. Stable
disease was observed in 15 patients with various
malignancies. Ongoing responses were observed
after discontinuation of pembrolizumab.

This initial study led to a large Phase I study
evaluating the safety and antitumor activity of
pembrolizumab in the treatment of advanced
melanoma (KEYNOTE-001) (19]. The ini-
tial cohort of patients received pembrolizumab
10 mg/kg every 2 weeks and two further cohorts
were nonrandomly assigned to pembrolizumab
2 or 10 mg/kg every 3 weeks. 135 patients were
treated and response assessed every 12 weeks
using RECIST and investigator immune-related
response criteria.

The ORR across all groups (by RECIST)
was 38% (95% CI: 25-44) with the greatest
response rate (52%) seen in patients treated with
pembrolizumab 10 mg/kg every 2 weeks. In this
study, no difference in response was observed
between patients who had previously received
treatment with Ipilimumab (38%) and those

Box 1. Pharmacokinetic characteristics of

pembrolizumab.

® Absorption: intravenous administration

e Distribution: 7.7 | at steady state

e Metabolism: catabolized into amino acids
® Excretion: 0.22 I/day
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who were Ipilimumab naive (37%; 95% CI:
26-49). Durable responses were observed; 81%
of patients who responded to MK-3475 still
receiving treatment at the time of analysis. The
median duration of response was not reached
at a median follow-up time of 11 months. The
estimated median PES using Kaplan—Meier
analysis was greater than 7 months at the time
of analysis.

Following this study, an international expan-
sion cohort of KEYNOTE-001 was designed
to evaluate pembrolizumab in patients with
advanced melanoma refractory to Ipilimumab
and, if BRAFV600 mutation positive, targeted-
BRAF therapy [18]. One hundred and seventy
three patients with progressive disease after at
least two doses of Ipilimumab were randomly
assigned (1:1 final ratio) to receive pembroli-
zumab 2 or 10 mg/kg every 3 weeks. The pri-
mary end point was ORR and secondary end
points were duration of response, PES and over-
all survival. Eighty nine patients received pem-
brolizumab 2 mg/kg and 84 patients pembroli-
zumab 10 mg/kg every 3 weeks until disease
progression, withdrawal of consent or intoler-
able toxicity. ORR in both groups was 26%
after a median follow-up time of 8 months.
Groups were well matched for baseline char-
acteristics such as ECOG performance status
and brain-metastases. Again durable effects
were observed with 88% of responses ongoing
at the time of analysis. Estimated overall sur-
vival at 1 year using Kaplan—Meier analysis was
58% (95% CI: 47-68) in the pembrolizumab
2 mg/kg group and 63% (95% CI: 51-72) in
the pembrolizumab 10 mg/kg group; hazard
ratio (HR) between groups 1.09 (95% CI:
0.68-1.75). Notably at 16 months, 19% of
patients with progressive disease according to
RECIST had stable disease when evaluated by
immune response criteria, which the authors
propose may underestimate the therapeutic
benefit of pembrolizumab.

In 2015, Daud et al. reported an updated
pooled analysis of 655 patients with advanced
melanoma who were treated with pem-
brolizumab as part of the KEYNOTE-001
study [50]. This included results from the
cohorts of patients discussed above [18.19].
The ORR was 34% and the median response
duration had not been reached, with 80%
of responses ongoing at the time of analysis.
Overall survival at 1 and 2 years was 67 and
50%, respectively.
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e Phasell

The initial success of the Phase I studies led to
a Phase II study (KEYNOTE-002) to evalu-
ate superiority in PFS of pembrolizumab 2 or
10 mg/kg versus investigator-choice chemo-
therapy [s1]. Patients with advanced mela-
noma refractory to ipilimumab and if BRAF
mutant, BRAF-targeted therapy, were randomly
assigned 1:1:1 to receive pembrolizumab 2 or
10 mg/kg every 3 weeks or investigator choice
chemotherapy. At 12 weeks, patients on chemo-
therapy with progressive disease were allowed
to cross-over to pembrolizumab. This interna-
tional study enrolled 540 patients. The inde-
pendently assessed median PES by RECIST 1.1
was 2.9 months for both pembrolizumab 2 and
10 mg/kg groups and 2.7 months for the chemo-
therapy arm, indicating that many progressed
around the time of the first scan in each group.
Nonetheless, the HR for progression were 0.57
for 2 mg/kg and 0.50 for 10 mg/kg of pembroli-
zumab, demonstrating its superiority compared
with chemotherapy (p < 0.00001). At 6 months,
34% receiving pembrolizumab 2 mg/kg and
38% receiving 10 mg/kg had not progressed
compared with only 16% receiving chemo-
therapy. Response rates for the pembrolizumab
groups were also superior to chemotherapy (21%
[2 mg/kg] and 25% [10 mg/kg] vs 4%) accord-
ing to independent review. Median duration of
response was not reached in either pembroli-
zumab arm and was 37 weeks for those on chem-
otherapy. KEYNOTE-002 was not powered to
detect a difference in the efficacy of the two

pembrolizumab doses but overall they appear
similar in objective response rates and PFS.
These Phase I and II studies are summarized
in Table 1.

e Phaselll
Pembrolizumab has shown superior PFS and
overall survival compared with ipilimumab
when given to patients naive to immune check-
point inhibition [16]. This large Phase III trial
(KEYNOTE-006) involved 834 patients with
either unresectable stage I1I or stage IV melanoma
randomized to either pembrolizumab 10 mg/kg
2 weekly or 3 weekly or ipilimumab 3 mg/kg every
3 weeks. Pembrolizumab was administered for a
maximum of 24 months, whereas ipilimumab
was given for four cycles only. Patients receiving
pembrolizumab who had a confirmed complete
response were able to cease treatment after a
minimum of 6 months of treatment. RECIST
was used to determine PFS, whereas clinical deci-
sions regarding treatment were made on the basis
of immune-related response criteria. A third of
patients had a BRAF mutation and half of these
had prior treatment with a BRAF inhibitor. In
this subgroup, enrollment was only permitted if
lactate dehydrogenase levels were normal, there
were no clinically significant symptoms of disease
and the patient was not rapidly progressing.
Compared with ipilimumab, both sched-
ules of pembrolizumab significantly prolonged
time to progression (2 weekly pembrolizumab
5.5 months, 3-weekly pembrolizumab 4.1 months
vs ipilimumab 2.8 months; HR: 0.58 and

DRUG EVALUATION

Table 1. Summary of Phase | and Il results of pembrolizumab in advanced melanoma.

Phase Response rate (%)* Median PFSt (months) Median OS Toxicity Ref.
Phase | 38 (RECIST) 7 Not reached Fatigue, rash, pruritus, diarrhea; [19]
IpiN and IpiT 37 (irRC) 12% grade 3/4 adverse events

n=135

Phase | 26 (RECIST) 4.5 (RECIST) Not reached Fatigue, rash, pruritus; [18]
IpiT 30 (irRC) 8.0 (irRC) 12 month OS 61% 13% grade 3/4 adverse events

n=173

Phase | 34 5.2 Not reached. 14% grade 3/4 adverse events [50]
IpiN and IpiT 12 month OS 67%

(pooled)

n =665

(abstract)

Phase Il 24 2.9 (independent review  Not reached 14% grade 3/4 adverse events [51]
IpiT RECIST)

n =540 4.6 (investigator review

(abstract) RECIST)

'Response rates and median PFS given as average of dose (2 or 10 mg/kg) and schedules tested (2 and 3 weekly).

IpiN: Ipilimumab naive; IpiT: Ipilimumab treated; irRC: Immune-related response criteria; OS: Overall survival; PFS: Progression-free survival; RECIST: Response evaluation criteria in
solid tumors.
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p < 0.001 for both groups). While median overall
survival was not reached in any group, 12-month
survival was 74.1% in patients receiving 2-weekly
pembrolizumab, 68.4% for 3-weekly pembroli-
zumab and 58.2% for those receiving ipilimumab
(HR for death compared with ipilimumab 0.63
[p<0.0005] and 0.69 [p < 0.0036], respectively).
On the basis of these survival results, the study
was unblinded at the second interim analysis and
pembrolizumab was made available to those who
had progressed on ipilimumab.

Response rates were greater with pembroli-
zumab (33.7% 2 weekly and 32.9% 3 weekly)
than ipilimumab (11.9%). Median time to
response was around 12 weeks in all groups,
at the time point of the first disease assessment
scan. Responses were durable with around 90%
of patients still responding at the time of analysis
(median 7.9 months of follow-up) and no group
reaching their median duration of response.

Although the benefit of pembrolizumab over
ipilimumab was evident in nearly all subgroups
analyzed, there were a couple of exceptions.
PD-LI overexpression, defined as at least 1%,
was noted in 82% of patients. Those deemed
PD-L1 negative did not have an OS benefit with
pembrolizumab compared with ipilimumab.
With regards to the BRAF mutant subgroup,
pembrolizumab demonstrated better PFS regard-
less of prior anti-BRAF therapy but there was
only a trend toward improved overall survival.

Table2 highlights the results of KEYNOTE-006
in relation to the Phase III results of its main com-
petitor nivolumab as well as those of ipilimumab.

Postmarketing surveillance

When available, results from expanded access
programs (EAPs) will provide important data
on the real-world efficacy and toxicity profile
of pembrolizumab. The dose of 2 mg/kg every
3 weeks was selected for the UK EAP in patients
who have progressed on ipilimumab, consistent

with the US label.

Safety & tolerability

Pembrolizumab is a safe and well-tolerated drug.
It is associated with grade 3 and 4 adverse events
(AEs) at a rate of 12—14% [16,18-19]. Serious
immune-related AEs (irAEs) are rare and revers-
ible in the majority of cases with appropriate
treatment. The most common general AEs
include fatigue, pruritus, rash and diarrhea. No
treatment-related deaths have been attributed to
pembrolizumab.

Melanoma Manag. (2015) 2(4)

In the first report of the Phase I trial look-
ing at pembrolizumab safety in solid tumors,
no mean-tolerated dose was established [49].
The nonrandomized dose expansion cohort of
135 patients with metastatic melanoma dis-
cussed above [19] looked at safety and efficacy of
pembrolizumab administered in three different
schedules. This demonstrated a higher rate of
AEs in the 10 mg/kg every 2-week arm (23%)
compared with 10 mg/kg every 3 weeks (4%)
and 2 mg/kg every 3 weeks (9%). Importantly,
prior exposure to ipilimumab did not appear to
increase immune-related or other side effects
from pembrolizumab [19].

To evaluate dosing in a randomized set-
ting, 10 mg/kg every 3 weeks was compared
with 2 mg/kg every 3 weeks in a further
173 patients [18]. In this study by Robert ez al.,
the ORR was 26% at both doses and safety
profiles were similar with drug-related AEs
of any grade occurring in 82% in both arms.
Drug-related grade 3 or 4 AEs occurred more
frequently at 2 mg/kg (15%) than 10 mg/kg
(8%) but the small number of patients lim-
its interpretation. Common general AEs were
fatigue (35%), pruritus (23%), rash (18%),
diarrhea (13%) and arthralgias (12%). The
only grade 3 or 4 AE reported by more than
one patient was fatigue and this occurred in
five patients in the 2 mg/kg cohort. Three
patients had grade 3 or 4 immune-related AEs:
autoimmune hepatitis, maculopapular rash
and pancreatitis. Pembrolizumab was discon-
tinued in 9% of patients due to drug-related
side effects.

Overall analysis of the large cohort of
patients included in the Phase I assessment
of pembrolizumab, which includes the stud-
ies detailed above, confirmed similar rates of
grade 3 and 4 events (12%) [52]. No deaths were
attributed to the drug and only 4% of patients
discontinued treatment due to toxicity. Results
from the recently published KEYNOTE-002
Phase II study also confirm the rates of AEs
are similar between 2 and 10 mg/kg of pem-
brolizumab. Grade 3 or 4 events occurred in
11 and 14%, respectively [s1]. Fatigue, pruritis
and rash were the three most common general
AEs at both doses. Immune-related AEs were
infrequent.

In KEYNOTE-006, the higher dose of pem-
brolizumab (10 mg/kg) given 2 or 3 weekly
had a more favorable safety profile than
ipilimumab [16]. The rate of grade 3 or 4 events
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Table 2. Phase Ill trial efficacy and safety results of pembrolizumab, nivolumab and ipilimumab.

Median OS Toxicity Ref.
(months)

Not reached; Fatigue, diarrhea, [16]
12-month OS rash, pruritus

71%

Not reported Fatigue, pruritus, [21]

diarrhea, nausea

Not reached; Fatigue, pruritus, [20]

12-month OS nausea, diarrhea

73%

11.2 Pyrexia, diarrhea, [24]
increased hepatic
transaminases,
pruritus

10 Diarrhea, nausea, [23]
fatigue, skin toxicity

Not reported Diarrhea, fatigue, [15]

pruritus, rash

Drug(s) Responserate Median PFS
(RECIST) (months)
Pembrolizumab 33%" 4.87
(ipilimumab-naive)
Nivolumab 32% 4.7
(ipilimumab-treated)
Nivolumab (first-line) 40% 5.1
Ipilimumab + 15% 3.0
dacarbazine
Ipilimumab + Gp100  11% 2.8
vaccine
Ipilimumab + 58% 1.5
nivolumab
fMean value of the two dose cohorts of pembrolizumab (2 mg/kg 2 and 3 weekly).
OS: Overall survival; PFS: Progression-free survival; RECIST: Response evaluation criteria in solid tumors.

was 11.7% for pembrolizumab overall and in
the ipilimumab cohort was 19.9% (including
one patient death). Treatment discontinua-
tion rates due to drug-related AEs were lower
in the pembrolizumab groups compared with
ipilimumab (4.0 and 6.9 versus 9.4%). Similar
to the Phase I trials, in both 2- and 3-weekly
pembrolizumab groups fatigue (20.9 and 19.1%,
respectively), diarrhea (16.9 and 14.4%), rash
(14.7 and 14.4%) and pruritus (14.4 and 14.1%)
were the most common side effects of any grade.
Grade 3 or 4 diarrhea occurred in 2.5% of those
in the 2-weekly group and 1.2% in 3-weekly
group. Hypothyroidism (10.1 and 8.7%) and
hyperthyroidism (6.5 and 3.2%) were the most
frequently observed irAEs. Presumed immune-
related colitis (1.8 and 3.6%), hepatitis (1.1 and
1.8%), hypophysitis (0.4 and 0.7%) and pneu-
monitis (0.4 and 1.8%) occurred infrequently.
It is also important to consider these safety
results in the context of a median duration of
exposure to treatment that was much longer in
the pembrolizumab cohorts (164 and 151 days)
compared with ipilimumab (50 days).

Some rare irAEs have been observed with pem-
brolizumab. These include Type 1 diabetes mel-
litus, myositis, nephritis, uveitis, conjunctivitis,
myocarditis and a myasthenic syndrome [16,53-54].
Awareness of the diverse array of potential irAEs
is very important for clinicians assessing patients
during pembrolizumab therapy.

Table 3 highlights differences in the irAE
profile of pembrolizumab, nivolumab and
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ipilimumab and Table 4 outlines the rates of
grade 3 and 4 toxicity associated with each agent.

Regulatory affairs

Pembrolizumab was approved for use in the
USA by the US FDA in 2014 for patients with
metastatic melanoma after treatment with ipili-
mumab and BRAF inhibitors (if BRAF muta-
tion positive). Recent evidence of superiority
over ipilimumab in the first-line setting may
see approval of pembrolizumab as a first-line
agent as well. It was licensed in Australia by the
Therapeutic Goods Administration (TGA) in
April 2015 and by the EMA in May 2015 for
use in patients with advanced (unresectable or
metastatic) melanoma, regardless of the line of
therapy.

Discussion & conclusion

In the management of metastatic melanoma,
pembrolizumab is an active and safe immu-
notherapeutic agent that improves survival.
The large number of patients recruited to the
Phase I and II studies, as well as the relatively
short-time interval from early trials to licensing
on the open market, are representative of the
need that existed in this field for effective and
tolerable treatments.

The recent results of KEYNOTE-006
confirm the superiority of pembrolizumab
as the first-choice immune checkpoint agent
in advanced melanoma as it demonstrates an
overall survival advantage compared with

www.futuremedicine.com

DRUG EVALUATION

321



DRUG EVALUATION spain, Younger, Hatipoglu & Larkin

Table 3. Immune-related adverse events (any grade) in Phase lll trials of pembrolizumab, nivolumab and ipilimumab.

Immune-related adverse event Pembrolizumab [16] Nivolumab [15,20,21] Ipilimumab [15,16] Ipilimumab + nivolumab [15]
Diarrhea (%) 14.4-16.9 11.2-19.2 22.7-33.1 441

Colitis (%) 1.8-3.6 1.0-1.3 8.2-11.6 11.8
Hepatitis (%) 1.1-1.8 3.4-6.4 1.2-7.1 30.0
Hypothyroidism (%) 8.7-10.1 4.4-8.6 2.0-4.2 15.0
Hyperthyroidism (%) 3.2-6.5 1.9-4.2 1.0-2.3 9.9
Hypophysitis (%) <1 <1 2.3-39 7.7
Pneumonitis (%) <1 1.9-1.3 0.4-1.6 6.4

Uveitis (%) <1 Not reported 0 Not reported
Pruritus (%) 14.1-14.4 16.0-18.8 25.4-35.4 33.2

Rash (%) 13.4-14.7 9.3-21.7 14.5-20.9 28.4

Vitiligo (%) 9.0-11.2 5.2-10.7 1.6-3.9 6.7

ipilimumab. One of the main challenges for
the future lies in determining the optimal com-
bination and sequencing of immunotherapy
with BRAF inhibitors. KEYNOTE-006 did
not include patients with rapidly progressive
disease who were candidates for BRAF inhibi-
tors. Given that the first scan was undertaken
at 12 weeks, we cannot be conclusive about the
number of responses prior to this. There is some
retrospective evidence suggesting that patients
with BRAF mutations have a better outcome
if given immunotherapy first [3031], but this
is subject to bias as those with a greater vol-
ume of disease will usually be given a BRAF
inhibitor as first-line therapy. Considering the
potential for enhanced antigen presentation
with BRAF inhibitors [29], there remains good
rationale for a combination approach. In the
context of superior response rates and PFS with
combination immunotherapy (ipilimumab
and nivolumab) [15.25], the major question
in untreated patients is likely to be deciding
whether combination or single agent immuno-
therapy should be first-line. However, we do not
yet have confirmation that this combination
improves overall survival.

Further research into biomarkers is para-
mount in helping us triage our therapeutic deci-
sions. While PD-L1 expression is predictive for

response in pembrolizumab, responses are also
seen in PD-Ll-negative tumors [1621]. At the
present time, this cannot be wholly relied upon
as a discriminating biomarker and variability in
testing and cut-offs make standardization chal-
lenging. Ideally, we would be able to use bio-
markers to help determine the type and inten-
sity of therapy required in the first-line setting.
There is evidence that combination nivolumab
and ipilimumab over nivolumab alone is of
particular advantage in the PD-Ll-negative
subgroup [15]. Genetic sequencing to determine
mutational signatures of tumors that impact on
antigen expression and therefore response to
immunotherapy also holds promise as a future
therapeutic guide [ss].

One of the key advantages of pembroli-
zumab is its safety profile. Only one in
20 people discontinues treatment due to
adverse effects of the drug [16]. Common side
effects such as diarrhea and rash are often
amenable to simple supportive therapies. The
rate of moderate to severe toxicity is compa-
rable with nivolumab [1520-21] and lower than
ipilimumab [15.16]. With available guidelines
to assist clinicians in prompt recognition and
early management of the potentially more
serious irAEs, fewer patients will be compro-
mised [56,57]. In several years, we will discover

Table 4. Grade 3 and 4 adverse events in Phase lll trials of pembrolizumab, nivolumab and ipilimumab.

Immune-related adverse  Pembrolizumab [16] Nivolumab [15,20-21]

event

G3/4 adverse events (%) 10.1-13.3 5.0-16.3

Most common (%) Diarrhea (1.1-2.5) Increased hepatic
Colitis (1.4-2.5) transaminases (2.3)
Hepatitis (1.1-1.8) Diarrhea (1.0-2.2)
Hypophysitis (0.4) Fatigue (1.0-1.3)

Rash (0.6)

Ipilimumab [15,16] Ipilimumab + nivolumab [15]
19.9-27.3 55.0
Colitis (7.0-8.7) Increased hepatic
Diarrhea (3.1-6.1) transaminases (14.4)
Rash (1.9) Diarrhea (9.3)
Hypophysitis (1.6) Colitis (7.7)
Rash (4.8)
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whether these irAEs, readily managed in the
acute setting with steroids and other immune-
suppressants, have late effects. As the prognosis
of advanced melanoma improves and we begin
to cure people, survivorship issues may arise,
especially in younger patients.

A substantial issue with response assessment
in immune checkpoint inhibitor therapy is
the application of traditional criteria to deter-
mine progression, such as RECIST, that were
developed for chemotherapy. The large PFS
and OS differences in the Phase I studies of
pembrolizumab highlight the inadequacy of
RECIST criteria to accurately define clinically
significant progression. Many trial protocols
allow treatment beyond progression in patients
who may be clinically benefiting and remain
asymptomatic from their disease. Registration
studies, however, still rely on use of RECIST.
It is important that clinicians become famil-
iar with alternative evaluation criteria such as
those developed by Wolchok et al. (s8] to guide
their clinical practice within and outside of
trials. The ideal scheduling and duration of
therapy remains another area of contention.
In KEYNOTE-006, patients were able to con-
tinue on therapy for up to 24 months, including
beyond RECIST progression, and at a median
follow-up of 7.9 months around 90% had ongo-
ing benefit. Whether such a long duration of
continuous therapy is warranted, especially in
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