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Immune checkpoint inhibitors: therapeutic advances in melanoma
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Abstract: In recent years, new strategies for treating melanoma have been introduced, improving the outlook for
this challenging disease. One of the most important advances has been the development of immunotherapy. The
better understanding of the role of the immunological system in tumor control has paved the way for strategies to
enhance the immune response against cancer cells. Monoclonal antibodies (mAbs) against the immune checkpoints
cytotoxic T-lymphocyte antigen-4 (CTLA-4) and programmed cell death protein 1 (PD-1) and its ligand (PD-
L1) have demonstrated high activity in melanoma and other tumors. Ipilimumab, an anti CTLA-4 antibody, was
the first drug of this class that was approved. Although the response rate with ipilimumab is low (less than 20% of
patients have objective responses), 20% of patients have long survival, with similar results in the first and second
line settings. Nivolumab and pembrolizumab, both anti PD-1 inhibitors, have been approved for the treatment of
melanoma, with response rates of 40% and a demonstrated survival advantage in phase III trials. This has marked
a new era in the treatment of metastatic melanoma and much research is now ongoing with other drugs targeting
checkpoint inhibitors. In addition, the agonist of activating molecules on T cells and their combinations are being
investigated. Herein we review the clinical development of checkpoint inhibitors and their approval for treatment

of metastatic melanoma.
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Introduction immune response are cytotoxic T-lymphocyte antigen-4
(CTLA-4), programmed cell death protein 1 (PD-1),

T-cell immunoglobulin domain and mucin domain-3

(TIM3), lymphocyte-activation gene 3 (LAG3), killer

Cancer behaves like a “self” protein since the immune
system is unable to recognize it cancer as a danger (1).

Immune checkpoints are activated in immune cells to
prevent inflammatory immunity developing against the
“self”. Therefore, changing the balance of the immune
system via checkpoint inhibition should allow it to be fully
activated to detect and eliminate the cancer. The best
known inhibitory receptors implicated in control of the
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cell immunoglobulin-like receptor (KIR), glucocorticoid-
induced tumor necrosis factor receptor (GITR) and
V-domain immunoglobulin (Ig)-containing suppressor
of T-cell activation (VISTA) (2-4) (Figure 1). Several
therapeutic antibodies have been developed against these
receptors but so far only the anti CTLA-4 antibody
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Figure 1 Checkpoint blocking/agonist antibodies.

ipilimumab and the anti-PD-1 antibodies nivolumab and
pembrolizumab have been approved for treatment of
metastatic melanoma. These treatments have achieved long
lasting responses and a 20-40% long survival rate. However,
median progression free survival (PFS) and response rates
are less impressive (5-7).

In this review, we summarize the results of the main
studies performed with antibodies that target the immune
checkpoint identified as very relevant to elicit immune
tolerance to cancer, and describe other of the most
promising checkpoint inhibitors that have been considered
for new therapeutic development.

Anti CTLA-4 antibodies

Two human mAbs, ipilimumab and tremelimumab, against
CTLA-4 have entered clinical trials (Table 1) (Figure I).
However, only ipilimumab has been approved by the Food
and Drug Administration (FDA) and European Medical
Agency (EMA) for use in metastatic melanoma patients.
These drugs have a specific toxicity profile where most
adverse events (AEs) reported are immunologic in nature
and require specific management in order to avoid severe
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toxicity. A second differential characteristic of these drugs
is that special patterns of response can be observed; special
response criteria has had to be developed that are currently
applied to other immunotherapies (21).

Ipilimumab

Ipilimumab is a fully human IgG1 mAb approved for use
in melanoma patients at a 3 mg/kg dose every 3 weeks for
4 doses. The first phase I trial was reported in 2002 and
demonstrated a 11.7% response rate (22). Several subsequent
phase II trials with different doses ranging from 0.3 to
10 mg/kg have shown a trend to greater responses with
increasing doses of ipilimumab. However, this increase was
paralleled by an increase in toxicity (23). Early phase II trials
showed some very long lasting responses and survival (24-26).
The first phase III trial was conducted in the second line
setting and compared ipilimumab 3 mg/kg monotherapy
with GP-100 vaccine or the combination of both (19).
The trial resulted in a significant improvement of survival
of 3.5 months for any of the arms containing ipilimumab.
It was also noticeable that 2-year survival was 21.6% for
the combined ipilimumab and GP-100 arms, 23.5% for

Ann Transl Med 2015;3(18):267

www.atmjournal.org



Annals of Translational Medicine, Vol 3, No 18 October 2015 Page 3 of 16
Table 1 Clinical trials with checkpoint inhibitors
Drug Study N Phase Line OR (%) OS(m) OS (%) PFS(m) PFS (%)
Pembrolizumab KEYNOTEOQO01 (B1) (8) 135 | IPI, IPI-N 38 (IPI-N 38)
KEYNOTEOQO1 411 | 190 IPI-N 40 (IPI 28)
(B1+B2+D) (9)
KEYNOTEOQ02 (10) 540 I IPI 21-25 2.9 9m
2 mg/kg 3W 24-29
10 mg/kg 3W
Chemo
KEYNOTEOQ06 (11) 834 I 556 IPI-N 0s,, PFSen
10 mg/kg 2W 34 74 5 47
10 mg/kg 3W 33 68% 4 46
IPI 12 58 3 26
Nivolumab Weber (12) 90 | 44 |PI-N 24 (IPI-N 25)
Hodi (13) 107 | IPI-N 30-40 17 0S,,: 40
CheckMate037 (14) 405 1l IPI 32 4.7
CheckMate066 (15) 418 |l IPI-N 40 0S,,: 73 5
Nivolumab + Wolchock (16) 53 | IPI-N 40-53 40 0S,,: 79
ipilimumab CheckMate069 (17) 142 I IPI-N
NIVO + IPI 61 NR
IPI 11 4.4
CheckMate067 (18) 945 Il IPI-N
NIVO + IPI 58 11.5
NIVO 44 6.4
IPI 19 2.9
Ipilimumab MDX010-20 (19,20) 676 |l 2nd 11 10 0S;,: 25 2.7
024 (16) 502 |l 1st 15 11.2  0OS,: 21; 2.4

0S;,: 18

IPI, pretreated with ipilimumab; IPI-N, ipilimumab naive; 2W, ever 2 weeks; 3W, every 3 weeks.

ipilimumab alone and only 13.7% for GP-100 alone.
With longer follow up the percentage of 20% long term
survivors was maintained (20) and is considered a differential
characteristic of this treatment (7able 2). The clinical trial
of ipilimumab in first line compared the drug at a dose of
10 mg/kg for 4 doses and maintenance every 12 weeks plus
DTIC vs. DTIC alone (27) (Table 3). Again, an improvement
in survival (median 11.2 months) was noted for the
ipilimumab arm and maintained with prolonged follow up,
with 18.2% of ipilimumab treated patients surviving more
than 5 years (27). These results in the metastatic setting have
led to adjuvant therapy trials that are not yet mature in terms
of overall survival (OS) but which are showing promising
results in recurrence free survival of 26.1 months for
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ipilimumab treated patients and 17.1 for placebo treated (29).
The question of what the optimal dose could be is still
unresolved; the most notable differences are seen in toxicity
that is higher at larger doses. However, there is no clear
effect on long term survival. A phase III trial comparing the
two doses has been concluded but not yet reported. Since
ipilimumab is one of the standard treatments for metastatic
melanoma patients, its role in several combinations with
other immunotherapies, chemotherapy and targeted therapy
is currently being studied (30).

Tremelimumab

Tremelimumab is an IgGG2 human mAb which was also
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Table 2 Activity of checkpoint inhibitors in patients pretreated (IPI pretreated in anti PD-1 drugs—nivolumab or pembrolizumab;

chemo pretreated in anti-CTLA-4 drug—ipilimumab)

Variables Ipilimumab (19,20) Pembrolizumab (8,10) Nivolumab (12,14)
OR (%) 11 21-28 32

PFS (m) 2.7 2.9 4.7

PFSq., (%) - 29 -

OS (m) 10 - -

0OS (%) 3y: 25 - -

Table 3 Activity of checkpoint inhibitors in first line setting

Variables Ipilimumab (27) Pembrolizumab (8,9,11) Nivolumab (12,15,28) Nivolumab + ipilimumab (16-18)
OR (%) 12-19 34-40 25-40 40-61

PFS (m) 3 4-5 5-6.4 11.5

PFSg., (%) 26 47 - -

OS (m) 11 - 17 40

OS (%) 3y: 21; 5y: 18 1y: 68-74 1y: 73 2y: 79

known as ticilimumab during early development. Phase I
and II trials showed it was a safe drug with some activity and
the optimal dose was defined as 15 mg/kg every 90 days (31).
This dose was chosen because it was safer than the 10 mg/kg
monthly with similar results in response, OS and disease free
survival. Tremelimumab was compared as a single agent to
dacarbazine or temozolomide in a phase III trial in patients
with untreated unresectable or metastatic melanoma (32).
The primary objective of this trial was OS, which was
11.8 months for the tremelimumab arm and 10.7 for the
chemotherapy arm. Therefore, the trial was considered
negative. Several explanations have been suggested for
the differences between ipilimumab and tremelimumab,
one being a possible different mechanism of action since
tremelimumab is an IgG2 and lacks the antibody dependent
cell cytotoxicity that is observed with ipilimumab, resulting
in a depletion of regulatory T cells (Tregs) (33,34). Another
possibility is that patients in the chemotherapy arms may
have been switched to ipilimumab during the trial and
therefore access to ipilimumab was expanded (32). It is
notable that long term results with tremelimumab are not
so different from ipilimumab: final results of the phase III
trial in terms of 2- and 3-year survival are 26.4% and 20.7%,
respectively (32). Also, patients from phase I and II trials
have been assessed for long term survival, with Kaplan-
Meier 5-year survival of 20% and 5-year survival of 16% (35).
As a result interest in this drug is still active and currently
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combination trials of this drug with anti-PDL1 antibodies
and other immunotherapies are being conducted (30).

Prediction of response to anti CTLA-4 antibodies

The most important challenge for CTLA-4 drugs is selecting
those patients most likely to respond. Several patient
characteristics, such as good performance status, low tumor
burden, low LDH level and count or increase in count of
lymphocytes with the treatment have been proposed as markers
of response, however, none are powerful enough (36,37).
Markers of inflammatory microenvironment have also been
suggested for patients receiving ipilimumab (38) but these
are still not standardized. Recently neo-antigens have been
proposed as important for the efficacy of immunotherapies
since the greater the differences between antigens in the
tumor, the more likely it is that the tumor will be recognized
by the immune system and that this response could be
enhanced (39). Mutational load of patients with melanoma
has been linked to benefit for ipilimumab and tremelimumab
and a genetic signature has been identified for prediction of
response in these patients ((40). The best way of identifying
patients with a high possibility of response will probably
be some combination these approaches. Identification of
predictors of response is highly important since selected
patients could receive just four doses of ipilimumab instead of
the more complex anti-PD-1 treatment regimens.
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Anti PD-1 antibodies

The PD-1 receptor is an inhibitory receptor engaged by its
ligands PD-L1 (also known as B7-H1 or CD274) and PD-
L2 (also known as B7-DC or CD273) (Figure 1). PD-1 is
present in T activated cells, B cells, monocytes, and natural
killer (NK) cells. PDL-1 is expressed in several cells, such as
tumor cells and some epithelial cells, lymphoid cells, myeloid
cells and antigen-presenting cells (APCs). PD-1 activity
occurs primarily within the tumor microenvironment, more
peripherally than CTLA-4 action (41,42). Like CTLA-
4, PD-1 and its ligands PD-L1 and PD-L2 also affect
TCR and inhibit functional T-cell signaling. PD-1 later
becomes operative in T-cell response once inflammatory
cytokines have been released. PD-1/PD-L1 interactions
limit inflammation and inhibit CTL activity. PD-1 activation
inhibits CD8" cytotoxic T lymphocyte proliferation, survival
and their effector function and can also induce apoptosis of
TILs and promote differentiation of CD4* T cells into Treg
cells. PD-1 ligation by PD-L1 or PD-L2 recruits SHP2,
resulting in membrane proximal decreases in T'CR signaling
by dephosphorylating the CD3-zeta chain. The anti PD-1
antibodies at most advanced stages of development in
melanoma are nivolumab and pembrolizumab.

Pembrolizumab

Pembrolizumab (formerly known as lambrolizumab or MK-
3475) is a humanized mAB that blocks the PD1 receptor in
the T lymphocytes, thus releasing them from its inhibitory
interaction with PD-L1 and PD-L2 and provoking an
immune response against tumor cells. It is currently
approved by the FDA for the treatment of advanced
melanoma patients who have progressed to ipilimumab and,
in the case of BRAF mutant melanoma patients, also to a
BRAF/MEK inhibitor. Pembrolizumab has an accelerated
grant priority review for approval in first line, both for
BRAF mutant and wild type melanoma (43). The first
clinical trial of pembrolizumab analyzed safety, response
rate and PFS in 135 patients with advanced melanoma in
an expansion cohort of the Keynote001 clinical trial, a large
and complex “phase I” clinical trial with more than 650
melanoma patients treated (in addition to other tumors). In
this first cohort, RECIST 1.1 overall response rate (ORR)
was up to 44%, being 25% in the cohort of 2 mg/kg every
3 weeks, and 52% in the cohort of 10 mg/kg every 2 weeks.
The median PFS in the whole cohort was 7 months (8).
At the time of publication of this trial, BRAF inhibitors
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(for BRAF mutant melanoma) or ipilimumab (for both
BRAF mutant and wild-type) was the standard of care for
melanoma treatment. Thus, analyzing if pembrolizumab
was active in those patients who had exhausted these
treatments was of great importance. Two studies, one an
expansion cohort of the KEYNOTEOQ001, and the other a
phase II clinical trial, KEYNOTE 002, explored this clinical
scenario. In Keynote 001, 173 patients, who progressed to
ipilimumab and, if BRAF mutant to a BRAF and/or MEK
inhibitor, were randomized to receive pembrolizumab
2 mg/kg every 3 weeks or 10 mg/kg every 3 weeks, with
ORR as primary endpoint (evaluable in 156 patients). ORR
was 26% at both doses. The percentage of patients alive at
1 year was 58% and 63% for 2 and 10 mg groups
respectively, this being the most striking finding of the
trial since heavily pre-treated patients had been included.
Of note, only 26 patients (17% of evaluable patients) were
BRAF mutant (44), in contrast to the general epidemiology
of BRAF mutation, usually positive in 50% of melanoma
population. These could be explained by the fact that
patients with BRAF mutant melanoma, usually progress
with more aggressive disease that those wild type after
ipilimumab. This study led to approval of pembrolizumab
by the FDA for its current indication (7able 1).

The other study that explored the ipilimumab refractory
scenario was a phase II clinical trial, KEYNOTE 002. In this
study, 540 patients refractory to ipilimumab and to BRAF/
MEK inhibitors (if BRAF mutant) were randomized to
receive pembrolizumab 2 mg/kg [180] vs. pembrolizumab
10 mg/kg [181], both every 3 weeks, or physician’s choice
chemotherapy [179]. In the second interim analysis, PFS
was the primary end-point, and it was demonstrated that
both pembrolizumab doses were superior to chemotherapy,
with a hazard ratio (HR) of 0.57 for 2 mg/kg and 0.50
for 10 mg/kg vs. chemotherapy. Median PFS was around
5 months for the pembrolizumab 2 mg/kg group, 6 months
for the pembrolizumab 10 mg/kg group, and 3 months for
the chemotherapy group. OS data are still immature, but
it is important to note that almost half the patients who
progressed to chemotherapy crossed-over to pembrolizumab,
something which should be taken into account for future
analyses (10). From these two clinical studies we can conclude
that pembrolizumab 2 mg/kg is the dose of choice, since
10 mg/kg is almost equivalent in terms of efficacy end-points.

Recently, a phase III clinical trial, KEYNOTEO006, has
compared pembrolizumab vs. ipilimumab, the previous
standard of care in first and second line. This study included
834 patients, 2/3 treatment naive, irrespective of BRAF
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Table 4 Randomized trials with anti-PD-1 drugs in melanoma
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Study KEYNOTEO002 (10) KEYNOTEOO06 (11) CHECKMATEOQ37 (14) CHECKMATEO066 (15) CHECKMATEOQ67 (18)
Drug Pembrolizumab Pembrolizumab Nivolumab Nivolumab Nivolumab + ipilimumab
Phase Il 11l 11l 11l M
N 540 834 405 418 945
Arms P2 mg/kg W3 P10 mg/kg W2 N3 mg/kg W2 N3 mg/kg W2 N+l

P10 mg/kg W3 P10 mg/kg W3 Chemo Ipilimumab N

Chemo Ipilimumab Ipilimumab
Line IPI-P IPI-P; IPI-N (556) IPI-P IPI-N IPI-N
BRAF WT/MT (23%)** WT/MT (35%)* WT/MT (32%)** WT WT/MT*** (31%)
Primary end point PFS, OS PFS, OS OR, OS oS PFS, OS
PFSg., (%) 34 vs. 38 vs. 16 47 vs. 46 vs. 26 - - -
(HR 0.57; HR: 0.50)
PFS (m) 29vs.29vs. 2.7 5vs.4vs. 3 4.7vs. 4.2 51vs. 2.2 11.5vs.6.4vs.2.9
(HR: 0.58) (HR: 0.82; NS) (HR: 0.43) (HR: 0.42; HR: 0.57)
0S,, (%) - 74 vs. 68 vs. 58 - 73 vs. 42 -
(HR: 0.63; HR: 0.69) (HR: 0.42)

OS (m) 21vs.25vs. 4 34 vs. 33 vs. 12 32 vs. 11 40vs. 14 58 vs. 44 vs. 19

*, BRAF mutant patients without symptoms or aggressive disease were included without previous BRAF inhibitor treatment; **, all
BRAF mutant patients had previously received BRAF inhibitors; ***, BRAF mutant patients had not been previously treated with

BRAF inhibitors. NS, statistically non-significant.

status. Patients were randomized to receive pembrolizumab
10 mg/kg every 2 weeks up to 2 years (279 patients), vs.
10 mg/kg every 3 weeks up to 2 years (277 patients), versus
ipilimumab 3 mg/kg every 3 weeks for 4 cycles (278 patients).
OS and PFS were co-primary end-points. Two interim
analyses were pre-specified in order to detect an early effect
on OS with pembrolizumab over ipilimumab. Median
PFS was 5.5 months for pembrolizumab every 2 weeks,
4 months for pembrolizumab every 3 weeks and 2.8 months
for ipilimumab, with a HR of 0.58. Median OS was not
reached for any of the treatment groups. One-year estimates
OS were 74% for patients receiving pembrolizumab every
2 weeks (HR =0.63), 68% for those receiving pembrolizumab
every 3 weeks (HR =0.69), and 58.2% for those receiving
ipilimumab. The study was early stopped since the OS results
for pembrolizumab groups were superior to the ipilimumab
group at the pre-specified interim analysis. Patients on
ipilimumab were offered the opportunity to cross over to
pembrolizumab. All stratification factors, including BRAF
status, line of therapy and PD-L1 status (defined as positive
with a >1% staining), benefited pembrolizumab in terms of
PES. However, in PD-L1 negative patients (18% of the global
sample), HR for OS was 1.02 and 0.91 for both pembrolizumab
groups (11). This clinical trials lead to consideration for

© Annals of Translational Medicine. All rights reserved.

priority approval by the FDA of pembrolizumab as first
line treatment in advanced melanoma, independently of the
BRAF status (Tables 1,4). However, in this study, patients who
were BRAF mutant should have been treated with BRAF
inhibitors if they had elevated lactate dehydrogenase levels
and/or clinically significant tumor-related symptoms (11).
As a result, around 35% of patients were BRAF mutant
(again, in a lesser proportion than epidemiological data) and
were clinically selected in first line due to better prognostic
factors (11) than first line BRAF mutant patients in pivotal
BRAF inhibitor studies (45). Another issue is the dose used
in this clinical trial, 10 mg/kg, in contrast with the currently
approved dose of 2 mg/kg. The same issue arose with the
approval of ipilimumab at a dose of 3 mg/kg, which had never
been used before FDA approval in a phase III clinical trial
with treatment naive patients, in contrast to the 10 mg/kg in
combination with DTIC in first line (27). One of the multiple
expansion cohorts of the KEYNOTEOO! trial randomized 103
ipilimumab naive patients to receive 2 mg/kg every 3 weeks vs.
10 mg/kg (46). If survival results are similar, as occurred in the
ipilimumab pre-treated cohort of this trial (44) as well as in the
KEYNOTEO002 (10), 2 mg/kg could be extrapolated to the
first line scenario.

Toxicity of pembrolizumab has been consistent in all

www.atmjournal.org
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clinical trials, being less frequent and less severe than toxicity
related to chemotherapy (10) or with ipilimumab (11). In
KEYNOTE-001 the incidence of grade >3 AE was 14% in
the nonrandomized melanoma cohorts (n=135) (47) and 12%
in the randomly assigned ipilimumab-refractory patients
(n=173) (44). In KEYNOTE-006, the pembrolizumab
arms had less toxicity compared with ipilimumab: grade >3
toxicity incidence was 13.3%, 10.1%, and 19.9% for the
10 mg/kg Q2W vs. 10 mg/kg Q3W doses of pembrolizumab
and ipilimumab, respectively (11). The rate of drug
discontinuation secondary to AEs for these groups was 4.0%,
6.9%, and 9.4%, respectively. Common AEs observed with
pembrolizumab were fatigue, diarrhea, hyperthyroidism,
hypothyroidism, rash, and pruritus; grade >3 colitis occurred
in 1.4% and 2.5% and grade >3 hepatitis in 1.1% and 1.8%
at the Q2W and Q3 W schedules, respectively (11).
Predictive factors for pembrolizumab activity have focused
on PD-L1 expression measured by immunohistochemistry
(IHC). In a 195-patient training set derived from the
melanoma population of KEYNOTE-001 and using a 1%
cutoff to determine positivity, 71% of the 125 evaluable
patients had PD-L1-positive tumors as assessed using a
prototype IHC assay and the 22C3 antibody (48). PD-L1
positivity was associated with higher ORR by RECIST v1.1
(49% wvs. 13%; P=0.0007) and longer PFS (median 11 wvs.
3 months; HR =0.52; 95 % CI, 0.32-0.86; P=0.0051), but
no differences were observed in terms of OS (6-month OS
was 91% in positive vs. 79% in negative PD-L1 tumors;
P=0.3165) (48). In an independent validation set of 216
patients with melanoma in KEYNOTE-001, 82% of the
150 evaluable patients had PD-L1-positive tumors. Similar
to the training set, PD-L1 positivity vs. PD-L1 negativity
was associated with a higher ORR (36% wvs. 4%; P=0.0022),
longer PFS (HR =0.43; 95% CI, 0.27-0.69; P=0.0002), and
longer OS (HR =0.33; 95% CI, 0.18-0.63; P=0.0042) (49).
Although PD-L1 positivity is correlated with response to
pembrolizumab in melanoma, given the response rates
seen in patients with PD-L1-negative tumors and the high
prevalence of PD-L1 positivity, it is unlikely that PD-L1 will
be used as a selection or predictive marker for anti-PD-1 or
anti-PD-L1 agents. Data from the KEYNOTE-006 trial
confirm activity in PD-L1-negative tumors in terms of PFS
but not OS (however, only 18% of tumors were PD-L1
negative, so the confidence interval (CI) was very large and
no conclusions could be derived from this analysis) (11).
Other predictive models including PD-1" density, PD-L1"
density, CD8" infiltration and CD4" density in the tumor and
at the tumor margin, could be more accurate for identifying

© Annals of Translational Medicine. All rights reserved.
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those patients with higher chances of response (50).

Recently it has been described the predictive value of an
IFNy immune gene signature developed using NanoString
nCounter Gene expression assay. A immune score was
calculated with a positive predictive value of 59% and a
negative predictive value of 90% in a validation cohort of
62 patients from Keynote001 trial (51).

Nivolumab

Nivolumab (BMS-936558) is a fully human immunoglobulin
G4 (IgG4) mAb anti-PD-1 agent. The phase I trial showed
evidence of antitumor activity and an acceptable safety
profile (52,53). A total of 104 patients with melanoma were
enrolled. Objective response rate between 19% and 41%
was observed at doses ranging from 0.1 to 10 mg per kg,
and stable disease lasting 24 weeks or more was observed
in 6%. Grade 3 or 4 drug-related AEs occurred in 14% of
patients, and there were three deaths due to pneumonitis.
Another phase I trial with nivolumab at multiple doses with
or without a multipeptide vaccine was conducted to evaluate
safety and efficacy and to explore immune predictors of
response. Ninety unresectable stage III or IV melanoma
patients who were ipilimumab naive (34 patients) or who
had experienced progression after ipilimumab (56 patients)
were included. Nivolumab with vaccine was well tolerated
and safe at all doses. The confirmed objective response
rate for ipilimumab-naive cohorts was 24%, with a disease
control rate of 45%. In ipilimumab-refractory patients the
objective response rate was 26%, with a disease control rate
of 47% (12). OS and long-term safety data from the first
phase I trial were published by Topalian et /. in 2014 (28).
Median OS was 16.8 months, with 1- and 2-year survival
rates of 62% and 43 %, respectively. Objective response rate
was 31% and median duration of response was 24 months
in these patients. It was interesting that in those patients
who discontinued therapy for reasons other than disease
progression, the responses off-therapy were maintained
during 16 weeks or longer. The most common AEs: fatigue
(32%), rash (23%) and diarrhea (18%). Grade 3 or 4
toxicities appeared in 22% of patients. Most AE occurred
within the first six months of therapy and there were no
cumulative toxicities with prolonged drug exposure.

The efficacy and safety of nivolumab in patients
pretreated with ipilimumab, or with ipilimumab and
BRAF inhibitors, was evaluated in an open-label, phase
IIT trial (CheckMate 037) (14) (Tables 1,2,4). Primary
endpoint was objective response rate. A total of 405 patients
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were randomized 2:1 to nivolumab (272 patients) or
chemotherapy (133 patients). Confirmed objective response
rate was 31.7% (95% CI, 23.5-40.8) in the nivolumab group
vs. 10.6% (95% CI, 3.5-23.1) in the ICC group. There
were 8% of unconventional immune-related response
(regression or stable disease after progression) in nivolumab
arm. At the time of analysis, 87% of nivolumab responses
were continuing on treatment without progression.
There was no statistically significant difference in PFS:
4.7 months in nivolumab arm vs. 4.2 months in ICC group
(HR =0.82; 95% CI, 0.32-2.05). AEs related to treatment
were reported in 68% of nivolumab patients and 79% of
ICC patients. Grade 3-4 AEs occurred in 9% of nivolumab
treated patients vs. 31% in the ICC group. The most
frequent AEs in the nivolumab arm were fatigue, pruritus
and diarrhea. On the basis of these results, in 2014 the FDA
approved nivolumab for metastatic melanoma patients who
progressed after treatment with ipilimumab and a BRAF
inhibitor, in BRAF mutated population.

A double-blind phase III trial was conducted to assess
efficacy of nivolumab in previously untreated advanced BRAF
wild type melanoma patients (CheckMate 066) (Tables 1,4). A
total of 418 patients were randomized to receive nivolumab
(3 mg/kg every 2 weeks and dacarbazine-matched placebo
every 3 weeks) or dacarbazine (1,000 mg/m’ every 3 weeks
and nivolumab-matched placebo every 2 weeks). The
primary end point was OS. At 1 year, the OS rate was 72.9%
in the nivolumab group vs. 42.1% in the dacarbazine group
(HR =0.42; 99.79% CI, 0.25-0.73; P<0.001). The median
PFS was 5.1 months in the nivolumab group vs. 2.2 months
in the dacarbazine group (HR =0.43; 95% CI, 0.34-
0.56; P<0.001). The objective response rate was 40.0% in
nivolumab arm compared to 13.9% in the dacarbazine group
(HR =4.06; P<0.001). The most common AEs associated
with nivolumab were fatigue (19.9%), pruritus (17%), and
nausea (16.5%). Only 11.7% were grade 3 or 4 AEs (15).

The synergistic effect of anti CTLA-4 and anti-PD-1
antibodies was studied in a phase I trial of concurrent or
sequential administration of nivolumab and ipilimumab
at different doses (54). At the maximum doses that were
associated with an acceptable tolerability (nivolumab 1 mg/kg
and ipilimumab 3 mg/kg), objective response rate was
53%, and all responses had a tumor reduction of 80%
or greater. Grade 3 or 4 AEs occurred in 53% but were
generally reversible. A sequenced regimen showed a lower
objective response rate (20%) with a more tolerable toxicity
profile (18% grade 3-4). Long-term analysis of this trial
reported a survival rate of 79% at 2 years (16). A phase 11
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trial confirmed these efficacy results: in the CheckMate 069
trial, 142 treatment naive metastatic melanoma patients
were enrolled in a double-blind study (17) and randomized
in a 2:1 ratio to ipilimumab (3 mg/kg for 4 doses) combined
with either nivolumab (1 mg/kg every 2 weeks) or placebo
(Table 1). Although patients could be included regardless of
BRAF status, the primary endpoint was objective response
rate among patients with BRAF V600 wild-type tumors. In
this population, the rate of confirmed objective response was
61% in the combination group vs. 11% in the ipilimumab
group (P<0.001), with 22% of complete responses in the
combination regimen. The median PFS was not reached
with the combination therapy and was 4.4 months with
ipilimumab monotherapy (HR =0.40; 95% CI, 0.23-0.68;
P<0.001). Similar results for response rate and PFS were
observed in BRAF mutation-positive melanoma patients.
The combination therapy showed higher grade 3-4 toxicity
than ipilimumab monotherapy (54% vs. 24%), but this was
manageable with immune-modulating medication (17).

As ipilimumab was approved by the FDA in previously
untreated metastatic melanoma patients on the basis of
improvement in OS, this drug was selected as control
arm (standard of care) in the phase III trial CheckMate
067, designed to compare nivolumab monotherapy with
ipilimumab, and nivolumab-ipilimumab combination vs.
ipilimumab (7ables 1,3,4). The study was not designed to
provide a formal statistical comparison between nivolumab
and the combination with ipilimumab. A total of 945
patients were randomized in a ratio of 1:1:1 to nivolumab
monotherapy, nivolumab-ipilimumab combination and
ipilimumab monotherapy. Co-primary endpoints were
PES and OS. The study included 31.5% of BRAF mutant
patients not previously treated. The median PFS was
11.5 months with nivolumab plus ipilimumab, compared
with 2.9 months with ipilimumab (HR =0.42; 99.5%
CI, 0.31-0.57; P<0.001) and 6.9 months with nivolumab
(HR =0.57; 99.5% CI, 0.43-0.76; P<0.001). The objective
response rates were 43.7% in the nivolumab group [overall
response (OR) =3.4; 95% CI, 2.02-5.72], 57.6% in the
combination arm (OR =6.11; 95% CI, 3.59-10.38) and
19% in the ipilimumab group. Grade 3 or 4 AEs occurred
in 16.3% of patients in the nivolumab group, 55.0% in
the nivolumab plus ipilimumab group, and 27.3% in the
ipilimumab group. The most common AEs were diarrhea
(1.9% vs. 8.3% wvs. 4.5%, respectively) and colitis (0.6% vs.
8.3% vs. 7.7%, respectively). Although the design of the trial
does not allow comparison between nivolumab-ipilimumab
group and nivolumab alone, it seems that PD-L1 negative
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tumors (less than 5% of tumor cells showing PD-L1 staining
of any intensity on the cell surface in a section containing
at least 100 tumor cells) might obtain more benefit from
the combination than from nivolumab alone, given that in
this subgroup the PFS was longer in the combination arm
[11.2 months (95% CI, 8.0- not reached) vs. 5.3 months (95%
CI, 2.8-7.1)] (18). There were no significant differences in
terms of median PFS for BRAF mutant patients when treated
with nivolumab (5.62 months) vs. ipilimumab (4.04 months)
(HR =0.77; 95% CI, 0.54-1.09); significant differences were
found in the BRAF mutant subgroup when treated with the
combination of nivolumab and ipilimumab (11.7 months)
vs. ipilimumab (4 months) (R =0.47; 95% CI, 0.32-0.68).
There were significant differences in terms of median PFS
in the BRAF wild-type subgroup: median PFS for nivolumab
treated patients was 7.9 vs. 2.8 months for those treated with
ipilimumab (HR =0.5; 95% CI, 0.39-0.63): BRAF wild-
type patients treated with the combination of nivolumab
and ipilimumab had a median PFS of 11.24 months that was
significantly higher than median PFS for ipilimumab alone
(HR =0.41; 95% CI, 0.32-0.53). On basis of the results of
these trials, the FDA and EMA approved nivolumab for first
and subsequent lines of treatment for metastatic melanoma
regardless of BRAF status. The FDA has also just approved
the combination regimen of nivolumab-ipilimumab for
BRAF wild-type metastatic melanoma.

At the annual congress of the European Society of
Medical Oncology (ESMO) 2015, data were presented
from the phase II trial CheckMate 064 which analyzed
safety and efficacy of nivolumab and ipilimumab when given
sequentially with a planned switch. The study randomized
70 patients to nivolumab 3 mg/kg every 2 weeks for 6 cycles,
followed by 4 doses of ipilimumab 3 mg/kg every 3 weeks,
continued with nivolumab at the same doses (cohort A) and
another 70 patients on ipilimumab 3 mg/kg every 3 weeks
for 4 doses followed by nivolumab 3 mg/kg every 2 weeks
(cohort B), until unacceptable toxicity occurred. The primary
endpoint was incidence of treatment-related grades 3-5
AEs during the induction periods. There were grades 3-5
AEs in 50.0% and 42.9% of patients in cohorts A and B,
respectively. AEs led to discontinuation of study treatment
in 36.8% of patients in cohort A, and in 31.4% of patients in
cohort B. The confirmed ORR at week 25 was 41.2% (95%
ClI, 29.4-53.8%) in patients receiving nivolumab followed
by ipilimumab induction compared to 20.0% (95% CI,
11.4-31.3) in patients receiving ipilimumab followed by
nivolumab (55).

Predictive factors of activity to nivolumab in melanoma
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are not fully understood; PD-L1 ITHC using a cut off of 5%
with the Dako 28-8 antibody demonstrated higher response
rate in PD-L1 positive patients (44-63%), but PD-L1
negative patients also had considerable activity (19-35%),
and differences in survival are not so clear (15). When
nivolumab is used in combination with ipilimumab, PD-L1
expression by IHC has no predictive value (17).

Among the anti PD-1 antibodies in development are
others that have been studied in melanoma. The anti-
PD-1 pidilizumab is a humanized immunoglobulin (Ig)
G1 mAb. In patients with metastatic melanoma, although
the response rate was low (ORR 6%), OS at 12 months
was 64.5%. These results remain to be confirmed in other
studies since 57% of patients included in the study were
treated after progression to ipilimumab (56).

Other checkpoint inhibitors in development
Anti-PD-L1 antibodies

BMS-936559

Also known as MDX-1105, BMS-936559 is an anti-
PD-L1 humanized IgG4 mAb which has been tested in a
phase I/1I study in pretreated patients with solid tumors,
including melanoma (Figure I). The ORR was 17%, with
five long lasting responders of 52 evaluable melanoma
patients (57).

Atezolizumab (MPDL3280A)

A high-affinity anti-PD-L1 human IgG1l mAb tested in
a phase I study in 45 patients with advanced melanoma
with an ORR of 28% and PFS at 24 weeks of 43%. Grade
3-4 AEs were uncommon (58,59). Phase Ib studies are
ongoing to evaluate the combination of MPDL3280A with
vemurafenib or cobimetinib in melanoma (NCT01656642).
Analysis of the predictive value of PD-L1 expression by
IHC on infiltrating lymphocytes has better correlation with
response than PD-L1 expression on cancer cells (60).

Avelumab (MSB0010718C)

A phase I trial in patients with various solid tumors,
including melanoma, is ongoing (NCT01772004). Also
other phase Ib/II of avelumab in combination with PF
05082566, a novel fully humanized IgGG2 mAb agonist of
4-1BB (CD137, TNFRSF9), is planned (NCT02554812).

Durvalumab (MEDI4736)

Durvalumab is a human immunoglobulin G1k mAb that
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blocks PD-L1. Results from a phase I study including a
total of 26 patients (9 melanomas) tested dose escalation
from 0.1 to 10 mg/kg and 15 mg/kg every 3 weeks.
No dose limiting toxicities were seen. All AEs were
grade 1-2 and the most frequent were asthenia, rash,
and diarrhea (12% each). One melanoma patient had a
partial response (61).

A phase I study evaluated the safety and efficacy
of durvalumab at 3 or 10 mg/kg IV every 2 weeks in
combination with dabrafenib 150 mg twice daily and
trametinib 2 mg daily, or trametinib alone. The most
frequent drug-related AEs were pyrexia (63%), fatigue
(54%), diarrhea (30%), rash (25%) and vomiting (67%). Two
patients discontinued treatment due to drug-related AEs
(reversible grade 3 thrombocytopenia and reversible grade
3 choroidal effusions). Responses were observed mainly in
the arms that included dabrafenib (16 of 21 patients had an
objective response in cohorts treated with dabrafenib vs. 6
of 20 patients treated only with trametinib in combination
with durvalumab (62). There are several trials ongoing
with durvalumab, most in combination with other drugs,
such as the open-label phase Ib/II study of IMCgpl00 as a
single agent and in combination with durvalumab and/or
tremelimumab in melanoma patients, both in first line and
after progression to an anti PD-1 drug (NCT02535078).
Recent biologic evidence indicates that optimal responses to
PD-1 directed therapy require the presence of CD8" T cells
in the tumor microenvironment and thus therapies such as
IMCgp100 that recruit these effector cells to the tumor may
overcome pre-existing resistance to checkpoint blockade.
This emerging biology of checkpoint inhibitor resistance
suggests the combination of IMCgp100 with checkpoint
inhibition may have enhanced activity in patients with
pre-existing resistance (63). Other clinical studies in solid
tumors are testing different combinations of durvalumab
such as the anti-PD-1 MEDI0680 (NCT02118337)
with the OX40 agonist MEDI6469 (NCT02205333),
with the anti-chemokine (C-Cmotif) receptor 4(CCR4)
antibody mogamulizumab (NCT02301130), with the
indoleamine 2,3-dioxygenase(IDO1)inhibitor INCB024360
(NCT02318277) and with the anti CD-73 MEDI9447.
MEDI9447 reduces the extracellular production of
adenosine by CD73, reducing the immunosuppressive
effects of adenosine (64) (NCT02503774). Other trials are
investigation combination of durvalumab with ibrutinib—
an anti BTK and I'TK antibody (65,66) (NCT02403271)
and with the anti CTLA-4 antibody tremelimumab
(NCT02261220).
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mAb targeting CD40
The cell-surface molecule CD40 is a member of the TNFR

superfamily and is a critical mediator of immune activation.
Ligation of CD40 on APCs mediates direct immune
activation, including upregulation of costimulatory molecules
and other immune mediators (Figure 1). CD40 agonistic
agents therefore have been developed as potential therapy for
cancer, with promising results in early studies (67).
CP-870,893, a fully human IgG2 mAbD, is the most
potent CD40 agonist, and in multiple phase I studies has
been evaluated for safety and optimal dose and schedule
(68-70). Its activity in melanoma has been described in
a case report of a patient with a complete response (71)
and a phase I trial in solid tumors in combination with
chemotherapy (three melanoma patients presented partial
response) (69). Nevertheless, its activity as single agent is
poor (72) and there are no ongoing trials with this drug.
Dacetuzumab (SGN-40) is a humanized IgG1 agonist
mAb that targets CD40. Its clinical development has
focused on hematological malignances (73). There are
currently no ongoing clinical trials in solid tumors.

mAb targeting 0X40

0X40 is a TNF family member described as a costimulatory
molecule that is expressed transiently at the surface of
CD4" and CD8" T cells upon activation. It promotes T cell
survival and expansion. Preclinical data demonstrated that
OX-40 agonists increase antitumor immunity.

Anti-OX40 mAb (9B12) is a murine IgG1 agonist
mAb targeting OX40. In a phase I trial regressions and
stabilizations in 25% of patients, including melanoma, were
observed (74).

MEDI6469 is an OX-40 agonist currently being tested
in a phase Ib/II study in combination with anti CLA-
4 tremelimumab, anti PD-L1 MEDI4736 or rituximab
(NCT02205333).

mAb targeting CD137

CD137 receptor (4-1BB) and its ligand are members of the
TNF family expressed on activated T cells (Figure I).
Urelumab (BMS-663513) is a fully humanized anti-
CD137 agonist mAb that has been tested in a phase I dose-
escalation study. Three of 54 melanoma patients included
had an objective response to the treatment (75). Preclinical
data demonstrated synergistic activity with anti PD-1
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antibodies (nivolumab) (76). Several clinical trials have
been completed or are ongoing with urelumab as single
agent (NCT00612664, NCT00309023, NCT02534506),
or in combination with other drugs (NCT00803374,
NCT02253992, NCT00351325).

mAb targeting GITR
GITR is up-regulated in activated T cells, and after TCR

activation, increase proliferation, activation, and cytokine
production of CD4" and CD8" T cells (Figure I). GI'TR
also affects Tregs and agonist antibodies against GI'TR,
destabilizes intratumoral Tregs, allowing for more efficient
cytolysis by CD8" T cells, and has demonstrated efficacy in
preclinical melanoma models (77).

TRXS518 is a humanized agonist anti-human GITR Ab
that is being tested in a phase I clinical trial solid tumors
(NCT01239134).

Anti-LAG-3 antibodies

LAGS3 is a transmembrane protein that belongs to the Ig
superfamily that binds to MHC class II and acts as a negative
checkpoint regulator (Figure I). Simultaneous LAG-3 and
PD-1 blockade in mice led to decrease of tumor growth by
synergistically enhancing antitumor immunity (78).

IMP321 is a soluble LAG-3 Ig fusion protein and
MHC class II agonist. A phase I trial in pancreatic cancer
demonstrated good tolerance without any AEs (79). There
have been trials in melanoma, but results have not been
reported (NCT01308294) and currently there are no
ongoing clinical trials.

BMS-986016 is an anti-LAG-3 antibody currently in
clinical trials. An ongoing phase I trial is testing BMS-
986016 alone and in combination with anti PD-1 nivolumab
in melanoma patients after progression to ipilimumab and

to anti PD-1/PD-L1 antibody (NCT01968109).

Killer-cell immunoglobulin-like receptor (KIR) inhibitory
mAb

KIRs are a family of cell surface proteins present on NK
cells which regulate killing function of NKs by interacting
with MHC class I molecules (Figure I). This interaction
allows them to detect tumor cells that usually have a low
level of class I MHC on their surface. Most KIRs are
inhibitory, meaning their recognition of MHC suppresses
the cytotoxic activity of their NK cell.
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Lirilumab (BMS986015) was developed as a fully
human mAb anti-KIR and is currently in phase I trials in
combination with anti PD-1 nivolumab (NCT01714739).
A trial in combination with ipilimumab was closed on
December 2014 and results have not been communicated.

Targeting transforming growth factor-beta (TGEFp)

In advanced cancers, TGFp suppresses host antitumor
immunity and promotes tumor growth and metastases.

Fresolimumab (GC1008) is a human anti-TGFp
mAD that has been tested in a phase I trial in patients
with melanoma (n=27) and renal cell carcinoma (n=1). It
demonstrated acceptable safety and an objective response
in a melanoma patient (80). There are no clinical trials
ongoing.

Galunisertib (LY2157299) is a small molecule that
inhibits the TGF receptor 1. In the first in human trial,
galunisertib was well tolerated, with activity in gliomas (81).
Galunisertib is being investigated either as monotherapy or
in combination with standard antitumor regimens (including
nivolumab) (NCT02423343)

Other checkpoints exist that could be potential targets
for drug development:

T-cell immunoglobulin domain and mucin domain-3 (TIM3)

TIM3 is an inhibitory molecule expressed on T cells, Tregs,
monocytes, dendritic cells, and macrophages. Binding of
Gal-9 to TIM-3 causes an inhibitory signal, resulting in
apoptosis of Thl cells and cytotoxic CD8 T cells in vitro.
Similarly, TIM-3 and PD-1 are co-expressed on most CD4
and CD8 T cells infiltrating solid tumors or in hematologic
malignancy in mice and these cells are dysfunctional
(Figure 1). TIM-3 and PD-1 expression is also up-regulated
on exhausted tumor-specific CD8 T cells in the blood of
melanoma and lymphoma patients. As a result, TIM-3
blockade and Treg depletion have a synergistic effect on
tumor growth inhibition. TIM-3 not only suppresses
antitumor response, but also promotes development of
melanoma. The combination of an antibody against TIM-3
with either anti CTLA-4 or anti PD-1 increased antitumor
efficacy (82).

B and T lymphocyte attenuator (BTLA)

BTLA is structurally related to CTLA-4 and PD-1. The
binding of BTLA to its ligand, herpes virus entry mediator

Ann Transl Med 2015;3(18):267

www.atmjournal.org



Page 12 of 16

(HVEM, expressed on melanoma cells), results in decreased
T-cell proliferation and cytokine production. HVEM is
capable of either T-cell activation or deactivation (Figure I).

CD160

CD160 is a glycosylphosphatidylinositol (GPI)-anchored
protein that is a ligand for HVEM with a function which
is not yet well understood. CD160 could be an inhibito ry
checkpoint for T cells because the interaction of CD160
with HVEM results in anergy (Figure I). Blocking CD160
with an antibody produces decreased T-cell proliferation
and cytokine production restriction (83).

V-domain Ig suppressor of T-cell activation (VISTA)

VISTA is a checkpoint inhibitor that negatively regulates
T-cell responses (Figure 1). VISTA is predominantly
expressed on hematopoietic cells, and in multiple murine
cancer models is found at particularly high levels on tumor-
infiltrating myeloid cells. Preclinical studies with VISTA
blockade have shown improvements in antitumor T-cell
responses, leading to inhibition of tumor growth (84-86).

A2aR antagonists

Adenosine in the immune microenvironment leads to
the activation of the A2a receptor that has been shown
to represent one such negative feedback loop; adenosine
is found at relatively high concentrations in the tumor
microenvironment. To this end, blocking A2a receptor
activation has the potential to markedly enhance anti-
tumor immunity in mouse models. Adenosine in tumor
microenvironment inhibits antitumor cytotoxic lymphocyte
responses. Although T cells express inhibitory adenosine A2A
receptors (A2AR) that suppress their activation, myeloid cell
A2ARs also have activity in suppressing the immune response
to tumors. Myeloid cell A2ARs have direct myelosuppressive
effects through suppression of T cells and NK cells in the
tumor microenvironment. Tumor-associated myeloid cells,
such as macrophages, DCs, and myeloid derived suppressor
cells (MDSCs) all express immunosuppressive A2ARs that are
potential targets of adenosine receptor blockers to enhance
immune response against tumors (87,88).

Conclusions

The development of humanized and very selective mAbs,
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design to block CTLA-4 and PD-1/PD-L1 is changing the
therapeutic research landscape in oncology.

An impressive series of successful clinical trials, initiated
with the anti-CTLA-4 agent ipilimumab (19,23), and
were followed with two different anti PD-1 antibodies:
pembrolizumab (10,11) and nivolumab (14,15,89); as well
as the combination of ipilimumab and nivolumab (18,90).
These studies have established also the bases for the clinical
development of this approach in other tumors.

Ipilimumab as a single agent, with a low response rate,
has remarkable activity in terms of long term survivors.
Prospective clinical trials in the first and second-line
setting, as well as, the results obtained in a pool analysis
with more than 1,800 patients treated in the real-life
setting and in clinical trials, demonstrate 20% of long
term survivors (6).

Pembrolizumab and nivolumab have demonstrated their
superiority over ipilimumab in first line setting and also
after progression to ipilimumab. Activity is clear in terms of
response rate, PFS and median OS, but long term follow-
up is needed in order to confirm if they will achieve long
survivors as ipilimumab have demonstrated (91).

The combination of ipilimumab and nivolumab is the
most active immunotherapy in metastatic melanoma, both in
terms of response rate and median PFS (57.6% vs. 43.7% vs.
19%, and 11.5 vs. 6.9 vs. 2.9 months) for the combination,
nivolumab and ipilimumab respectively (18,92,93).

However, despite impressive results obtained with
immune checkpoint inhibitors in advanced melanoma,
several points need special attention. It must be emphasized
that specific immunological and clinical training regarding
the use of these agents is required for its optimal
management, as well as the fact that a longer follow up of
the current trials is still needed to definitely clarify its role,
particularly in the adjuvant setting and BRAF mutated
tumors.

Further studies in the coming years with the new agents,
new sequences and combinations will clarify the most active
approaches in melanoma as well as its role in other tumors.
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