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Melanoma immunotherapy dominates the field
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Abstract: The incidence of melanoma is increasing worldwide and despite early detection and intervention, the
number of patients dying from metastatic disease continues to rise. The prognosis of advanced melanoma remains
poor, with median survival between 6 and 9 months. Over the past 30 years and despite extensive clinical research,
the treatment options for metastatic disease were limited and melanoma is still considered as one of the most
therapy-resistant malignancies. Single-agent and combination chemotherapy, hormonal therapy, biochemotherapy,
immunotherapy, targeted agent therapy and combination regimens failed to show a significant improvement in
overall survival (OS). Recent advances and in-depth understanding of the biology of melanoma, have contributed
to the development of new agents. Based on the molecular and immunological background of the disease, these
new drugs have shown benefit in overall and progression-free survival (PFS). As the picture of the disease begins
to change, oncologists need to alter their approach to melanoma treatment and consider disease biology together
with targeted individualized treatment. In this review the authors attempt to offer an insight in the present and past
melanoma treatment options, with a focus on the recently approved immunotherapeutic agents and the clinical

perspectives of these new weapons against metastatic melanoma.
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Introduction

The incidence of melanoma is increasing worldwide and
despite early detection and appropriate management,
the number of patients dying from metastatic disease
continues to rise. According to the WHO, approximately
80% of all skin cancer-related deaths are attributed to
melanoma, although it comprises only 5% of all skin
cancers (1). The prognosis of advanced melanoma remains
poor, with median survival ranging from 6 to 9 months
with chemotherapy (2). Survival outcomes for patients
with advanced disease vary depending on the number of
adverse prognostic factors, such as visceral disease or brain
metastases and elevated lactate dehydrogenase (LDH)
levels (3-5). Although the 5-year survival for local disease
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is as high as 98%, it falls to 15% for patients with distant
metastases (5). Despite extensive clinical research over the
past decades, the treatment options for metastatic disease
had been limited, with melanoma being considered as one
of the most chemotherapy-resistant malignancies (6). Many
agents had been investigated, but the efficacy of these
treatments remained poor.

Metastatic melanoma: unmet medical needs

Until recently, and over the past 30 years, only dacarbazine,
hydroxyurea and interleukin-2 (IL-2) had gained FDA
approval for the treatment of metastatic melanoma. None
have ever been tested in a randomized phase III trial
against a control, or have been shown to prolong survival.
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Hydroxyurea was approved in 1967 producing a 10%
response rate (RR) and was further tested in combination
trials (7,8). Dacarbazine has been extensively used as
single-agent chemotherapy and in combination with other
chemotherapeutic agents or other biological response
modifiers (9-16). It has been widely used in clinical trials and
has remained the standard of care for comparing the efficacy
of new regimens in most phase II and III trials (17-20).

IL-2 was the second (after interferon alfa) exogenous
cytokine to show antitumor activity against melanoma.
It plays a central role in immune regulation, particularly
T-cell proliferation (21). IL-2 was approved by the FDA in
1998 for the treatment of adults with advanced metastatic
melanoma. However, this regimen was never tested in
phase III trials. Its highly toxic profile, requiring inpatient
intensive care, together with the high cost did not allow the
extensive use of this cytokine. The treatment has never been
approved in Europe (22).

New era in immunotherapy

Immunomodulation: cytotoxic T lymphocyte associated
antigen 4 blockade

The concept of modulating the host immune response to
fight cancer is becoming increasingly more popular, as more
regulatory pathways are being characterized.

CTLA-4 is a key element in immune tolerance and
one of the main negative regulators of T-cell-mediated
antitumor immune responses. This molecule serves as a
natural braking mechanism for T-cell activation, allowing a
return to homeostasis following an immune response (23).
This was most profoundly demonstrated in CTLA-4
knockout mice that developed a massive lymphoproliferative
disorder, leading to lymphocytic infiltration and destruction
of major organs (24-26). CTLA-4 is a homologue of
CD28 that functions as an inhibitory receptor for B7
costimulatory molecules expressed on mature APCs (27,28).
Following T-cell activation, CTLA-4 cell-surface receptors
are upregulated and successfully compete with CD28 for
binding to B7, sending an inhibitory signal that down-
regulates T-cell activation (29,30). This inhibitory signal
affects downstream targets of CT'LA-4 that include cytokine
production by Thl and Th2 cells (31) and key components
of the cell cycle machinery (Cdk-4, Cdk-6 and cyclin D3)
required for cell cycle progression (32,33). Therefore, it
was hypothesized that blocking the interaction of B7 with
CTLA-4 might enhance T-cell activation, leading to a more
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robust antitumor immune response.

Anti-CTLA-4 mAbs with a much greater affinity for
CTLA-4 than B7 (competitive inhibition) were cloned
and shown to inhibit the interaction of B7 and CTLA-
4 (30). The inhibitory signal produced by CTLA-4 is
therefore blocked and T-cell activation is enhanced. Based
on preclinical data, clinical trials were initiated with two
fully human anti-CTLA-4 mAbs, which have different
pharmacokinetic and pharmacodynamic properties:
tremelimumab and ipilimumab.

Tremelimumab

Tremelimumab (CP-675, 206; Pfizer Inc.) is a fully human
IgG2 mAb directed against CTLA-4 (30). In an open-
label, phase I, dose-escalation study, 39 patients with
solid malignancies received an intravenous infusion of
tremelimumab at 1 of 7 dose levels, ranging from 0.01 to
15 mg/kg (34). Among 29 patients with melanoma, toxicities
were generally mild to moderate in severity and were dose
related (34). Two patients (7%) had complete responses
(CRs) by RECIST criteria, 2 (7%) experienced partial
responses (PRs) and 4 patients (14%) had stable disease
(SD) (34). Furthermore, objective responses were durable
(ranging from 37 to 51+ months) (35) suggesting a memory
T-cell response to tumor-associated antigens.

Subsequently, an open-label phase II trial was conducted
in patients with advanced melanoma randomized to
receive either 10 mg/kg tremelimumab monthly (n=44) or
15 mg/kg tremelimumab every 3 months (n=45) (36) Four
(9%) of the patients from the first arm and 3 (7%) of the
patients from the second arm had an objective response (CR/
PR) (36). The 15 mg/kg Q3M regimen was associated with
a lower incidence of grade 3—4 adverse events (AEs) (36)
and was selected for further study. In the single arm,
pivotal phase II clinical trial with central radiologic
review, conducted in 251 patients with previously treated
metastatic melanoma, the RR was 9.1% per investigator
and 6.6% per independent radiologic review, so the study
failed to reject the null hypothesis that the RR does not
exceed 10% (37). In a randomized comparative phase I1I
study, tremelimumab was evaluated against dacarbazine or
temozolomide in 655 patients with advanced relapsed or
refractory melanoma. The Data Safety Monitoring Board
stopped the trial for futility at the planned second interim
analysis, after 340 deaths had occurred (38). However,
follow-up for survival was continued and the final study
analysis was performed in October 2010, when 534 events
(82%) had occurred. Median overall survival (OS) by
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intent-to-treat was 12.6 months (95% CI, 10.8-14.3) in the
tremelimumab arm and 10.7 months (95% CI, 9.4-12.0)
in the chemotherapy arm. Survival at 2 and 3 years was
26.4% and 20.7% in the tremellimumab arm and 22.7%
and 17.0% in the chemotherapy arm, respectively. The
probability of progression-free survival (PFS) at 6 months
was similar in the two arms. The centrally monitored data
collection for this clinical trial captured an approximate
16% use of ipilimumab, in the control arm, that may
explain the differences in the results of this phase III trial
and two positive phase III trials with ipilimumab (38).
Tremelimumab is now developed by AstraZeneca-
MedImmune.

Ipilimumab

Ipilimumab has been the first ever drug to receive FDA
approval (March 2011) based on positive results in OS. It is
also the first new agent, over the past 13 years that gained
approval for the treatment of metastatic disease.

Ipilimumab (MDX-010; Medarex Inc./Bristol-Myers
Squibb Co.) is an IgGlk mAb against CTLA-4, with a
serum half-life of approximately 12 days (39). Among
HLA-A*0201" patients with stage IV melanoma (n=56)
treated with 3 mg/kg ipilimumab every 3 weeks (Q3W) or
3 mg/kg initially and then 1 mg/kg Q3W in combination
with a gp100 peptide vaccine, the overall objective RR
was 13% (2 CRs, 5 PRs) (40). Fourteen patients (25%)
had grade 3/4 immune-mediated side effects including
colitis, dermatitis, uveitis, enterocolitis, hepatitis and
hypophysitis (40).

Ipilimumab’s approval was based on the improved
survival demonstrated when compared with gpl100 alone
in patients with previously treated metastatic melanoma.
In a second study, a confirmation of the prolongation
of survival was shown in treatment naive patients with
metastatic melanoma. In this pivotal study, ipilimumab
was administered alone or in combination with a gp100-
peptide vaccine and was compared with administration of
the gp100-peptide vaccine alone in HLA-A 0201 patients
with stage III and IV melanoma, who had shown disease
progression while on therapy for metastatic disease (41).
Ipilimumab was administered at a dose of 3 mg/kg Q3W
and for up to four treatments. The median OS for the
patients that received ipilimumab or ipilimumab with
vaccination was 10.1 and 10 months, respectively, whereas
for those on vaccination alone it was 6.4 months. The 2-
and 3-year survival rates were 25-30% for the ipilimumab-
containing arms, values that are almost double than those
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seen in the vaccination arm. The effect of the antibody
on the OS was independent of age, gender, disease stage,
prior therapy with IL-2 and LDH levels. Later cumulative
evidence also concludes that HLA status does not affect
ipilimumab’s action (42).

Another phase III trial compared the combination
of ipilimumab plus dacarbazine with dacarbazine alone.
Ipilimumab was administered at a dose of 10 mg/kg as
a first line treatment in 502 patients with previously
untreated metastatic melanoma in a 1:1 ratio (43). Again,
OS was statistically significant in favor of the ipilimumab-
containing treatment (11.2 vs. 9.1 months). Durable
objective responses were observed (median duration of
best overall response 19.3 months in the ipilimumab-
dacarbazine group vs. 8.1 months in the dacarbazine
group). The 2- and 3-year estimated survival rates for the
ipilimumab group were 20.8% and 28.5%, respectively,
rates that do not differ from those seen with the 3 mg/kg
dose. Prolonged survival was noted among some patients
who were followed for up to 4 years. Dacarbazine and
ipilimumab given as a combination were found to elevate
liver enzymes and many of these patients were unable to
complete all four administrations of the regimen. Further
analysis of these data concluded that adding dacarbazine
to ipilimumab did not improve results. The rates of
gastrointestinal events with ipilimumab were lower than
expected on the basis of prior studies.

Additional data will be needed to clarify whether 4 doses
of ipilimumab are sufficient for clinical benefit or whether
maintenance doses are necessary. Data from a published
phase III trial, as well as from the randomized phase II dose-
ranging study, indicate that ipilimumab is better tolerated
at 3 mg/kg compared to 10 mg/kg and that a maintenance
dosing may not be necessary for either regimen. A
randomized trial of 3 vs. 10 mg/kg has completed accrual.

The FDA approved ipilimumab at a dose of 3 mg/kg
administered at 3-week intervals and for a period of
3 months, as a first- and second-line therapy in metastatic
melanoma. In Europe, the EMA has given approval only for
those patients that have exhibited disease progression while
on other systemic treatments (44).

Furthermore, as immunotherapeutic agents produce
antitumor effects by inducing cancer specific immune
responses or by modifying native immune processes, the
clinical response patterns extend beyond those of cytotoxic
agents and can manifest after an initial increase in tumor
burden or the appearance of new lesions (progressive
disease). Newly designated immune-related criteria were
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defined (45). These novel immune therapy response criteria
proposed, based on the shared experience from community
workshops and several investigators, were evaluated using
data from ipilimumab phase II clinical trials in patients
with advanced melanoma. For the immune-related
response criteria, only index and measurable new lesions
are taken into account, in contrast to conventional WHO
criteria, which do not require the measurement of new
lesions, nor do they include new lesion measurements in
the characterization of evolving tumor burden. Across the
phase II clinical trial program, four patterns of response to
ipilimumab therapy were observed in patients with advanced
melanoma. Two of the response patterns are captured with
conventional response criteria: (I) response in baseline
lesions-evident by week 12, with no new lesions and (II)
“SD” (which in some patients was followed by a slow, steady
decline in total tumor burden). The other two response
patterns are new and involve: (III) responses after an initial
increase in total tumor burden and (IV) a reduction in
total tumor burden during or after the appearance of new
lesion(s), at time points later than week 12.

Tumor responses to ipilimumab may not occur until
the post-induction period of therapy and a confirmation
is needed by a repeat, consecutive assessment no less than
4 weeks from the date of first documentation. This should
only be considered for patients with stable performance
status and without deterioration in laboratory values.
Community oncologists should be aware that conventional
response criteria may not adequately assess the activity
of immunotherapeutic agents, because PD by initial
radiographic evaluation does not reflect therapeutic failure,
or that it may be necessary to biopsy new lesions that in fact
may not represent progression; however, until now, immune
related response criteria have not shown superiority over
RECIST criteria in randomized control trials. In addition,
special consideration should be given to immune related
adverse events (irAEs), while established guidelines can be
used to manage the majority of irAEs effectively (46). These
AEs exhibit a characteristic pattern in their occurrence;
skin-related irAEs are expected after 2 to 3 weeks, GI and
hepatic AEs after 6 to 7 weeks and endocrinologic AEs only
after an average of 9 weeks. Frequencies of dose-limiting
ipilimumab-related irAEs increased with dose, but not
the quality or type of irAEs. Currently, algorithms have
been developed to facilitate the management of irAEs for
oncology practice (47).

The safety and activity of ipilimumab in patients with
brain metastases, a frequent cause of death for patients
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with melanoma, was investigated in a phase II study, which
enrolled 72 patients in two parallel cohorts (48). Patients
in cohort A (n=51) were neurologically asymptomatic and
were not receiving corticosteroid treatment at study entry;
those in cohort B (n=21) were symptomatic and on a stable
dose of corticosteroids. The primary endpoint was the
proportion of patients with disease control. After 12 weeks,
nine patients in cohort A exhibited disease control (18%),
as did one patient in cohort B (5%). When the brain
alone was assessed, 12 patients in cohort A (24%) and 2 in
cohort B (10%) achieved disease control. This phase II trial
demonstrated that ipilimumab has activity in some patients
with advanced melanoma and brain metastases, particularly
when such metastases are small and asymptomatic.

A pooled analysis of OS data from multiple studies was
performed to provide an estimate of long-term survival
observed in ipilimumab treated patients with advanced
melanoma (49). This consisted of 1,861 patients, from ten
perspective and two retrospective studies of ipilimumab,
including two phase III trials (primary analysis) and an
additional study of 2,965 patients from an expanded
access program. In the primary analysis, 1,257 patients
were previously treated, 604 were treatment naive, with
the majority of patients receiving ipilimumab 3 mg/kg.
The additional analysis of OS included data from patients
enrolled in a US multicenter, open-label, expanded
access treatment protocol (EAP, CA184-045). This
cohort of patients initially received ipilimumab 10 mg/kg,
however, the protocol was amended in March 2010 to
administer ipilimumab 3 mg/kg (50). Expanded EAP data
were excluded from the primary analysis, because of the
incomplete collection of OS data, but were combined with
the primary analysis cohort to assess the sensitivity of the
primary analysis. Patients were observed for OS for up to
10 years in some studies. Among 1,861 patients, median
OS was 11.4 months with a 3-year survival rate estimated
to be 22% (26% for treatment naive patients and 20% for
previously treated patients). Ten percent of the patients
were observed for at least 50 months, with a maximum
follow-up time of 119 months. Including data from the
expanded access program, median OS was 9.5 months, with
a plateau at 21% in the survival curve beginning around
year 3.

Currently, new trials focus on the potential advantages of
combination therapies with ipilimumab (e.g., ipilimumab and
bevacizumab, targeted therapy, chemotherapy, radiotherapy
or radiosurgery, interferon), with such trials still accruing
or recently closed and results awaited with interests
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(www.clinicaltrials.gov, accessed March 3, 2016) (51).

Next generation immunotherapy agents: anti-PD-1
antibodies

The programmed death 1 (PD-1) protein is another T-cell
coinhibitory receptor, with a structure similar to that of
CTLA-4, but with a distinct biologic function and ligand
specificity (52,53). It has two known ligands, PD-L1 (B7-
H1) and PD-L2 (B7-DC) (54-57). In contrast to the
CTLA-4 ligands, CD80 (B7-1) and CD86 (B7-2), PD-L1
is selectively expressed on many tumors and on cells within
the tumor microenvironment in response to inflammatory
stimuli (58-61). Blockade of the interaction between PD-1
and PD-L1 potentiates immune responses iz vitro and
mediates preclinical antitumor activity (62).

BMS-936558 (nivolumab) (also known as MDX-1106
and ONO-4538) is a high-affinity, fully human, PD-L1-
specific, IgG4 (S228P) monoclonal antibody that inhibits
the binding of PD-L1 to both PD-1 and CD80.

The anti-tumor activity and safety of BMS-936558
was evaluated in a total of 296 patients with advanced
melanoma, non-small-cell lung cancer, castration-resistant
prostate cancer and renal-cell or colorectal cancer (63).
Patients received anti-PD-1 antibody at a dose of 0.1 to
10.0 mg per kilogram of body weight every 2 weeks (Q2W).
Response was assessed after each 8-week treatment cycle.
Patients received up to 12 cycles, until disease progression
or a complete response occurred (63). Grade 3 or 4 drug-
related AEs occurred in 14% of the patients, consistent
with immune-related causes. No maximum tolerated dose
was defined. Among 236 patients, in whom response could
be evaluated, there were 94 patients with melanoma and an
objective RR of 28% was observed. Responses were durable.
Updated results of the efficacy of nivolumab showed
an overall response rate (ORR) of 31% in more than
100 patients with metastatic melanoma and grade 3 toxicity
in 15%, comparing favorably with ipilimumab. Responses
were highly durable in another cohort of 132 melanoma
patients treated with nivolumab, with the ORR being 30%
and 5% complete responders.

Similar preliminary data from the phase I trial of another
anti-PD-1 agent, MK-3475 (lambrolizumab) showed
efficacy in ipilimumab pretreated and naive patients, with
an overall response in the first 135 treated patients of 38%,
according to the response evaluation criteria in solid tumor
(RECIST, version 1.1) and with a 52% confirmed RR in
the cohort of patients that received 10 mg/kg Q2W (64).
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In this phase I trial, lambrolizumab was administered IV at
a dose of 10 mg/kg every 2 or 3 weeks or 2 mg/kg Q3W.
Tumor responses were accessed every 12 weeks, with a
median follow-up of 11 months. The median PFS was
longer than 7 months and responses were durable in the
majority of patients (at the time of the analysis in March
2013). Low-grade AEs were reported in more than 95% of
the cases, including fatigue and asthenia, fever and chills,
myalgias and headaches, whilst grade 3 or 4 drug-related
AEs were seen in 13% of the patients. Skin disorders were
reported in 21% and diarrhea in 20% of the patients, with
the highest incidence of overall treated AEs in the cohort
of patients that received 10 mg/kg Q2W. Treatment related
pneumonitis and renal failure was reported in less than 5%
of the patients.

In an open-label expansion cohort of the phase I
trial, 173 patients with ipilimumab-refractory advanced
melanoma were randomized to IV pembrolizumab (MK-
3475 previously known as lambrolizumab) 2 mg/kg
Q3W or 10 mg/kg Q3W (65). Primary endpoint was
overall response. Previous treatment with BRAF or MEK
inhibitors or both was required for patients with BRAF-
mutant melanoma, there was no limitation on the number
of previous treatments and no baseline screening for
brain metastases was required. The median follow-up was
8 months at the time of the analysis (October 18, 2013),
with 42% of the patients being still on treatment and the
most common reason for discontinuation being disease-
progression (59 of 173 patients). The ORR was 26% at
both doses, with median response duration not reached in
either dose groups. The survival analysis was updated in
May 2014, with an overall estimated survival at 1 year of
58% and 63% for the 2 mg/kg and 10 mg/kg dose cohorts,
respectively. Drug-related AEs occurred in 80% of the
patients; however grade 3—4 in only 12%. As previously
described, the most common drug-related AEs were fatigue,
pruritus and rash. In a pooled analysis of this phase I trial
presented at ASCO 2015, with long-term efficacy data for
655 patients (median follow-up of 21 months), no further
safety concerns were raised, with an 80% all grades drug-
related AEs, with no treatment-related deaths and a drug-
related discontinuation rate of 4%; the overall response
was 33%, with 8% complete responders and 1- and 2-year
survival rates of 66% and 49%, respectively (66).

A randomized phase II study (KEYNOTE-002)
assessed the efficacy of 2 pembrolizumab doses (2 or
10 mg/kg Q3W) vs. investigator’s choice chemotherapy
(ICC) in 540 ipilimumab-refractory melanoma patients,
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Table 1 Anti-PD-1 as second line treatment. Nivolumab or pembrolizumab in pretreated patients?a

Anti-PD-1 as first line treatment Nivolumab Pembrolizumab
Phase lll trials, n 1 0 (1 phase Il)
Trial name and reference, comparator arm (data not Checkmate 037 (68) KEYNOTE 002 (67)
shown)D

BRAF status ICC ICC

Dose Mixed Mixed

Median PFS, mo 3 mg/kg Q2W (approved) 2 mg/kg Q3W (approved) 10 mg/kg Q3W (not approved)

RR, % 32 21 25
Treatment-related AEs, % 68 67 74
Grade 3/4 treatment-related AEs, % 9 11 14

% data from separate, non-comparative trials, a cross-trial comparison is not intended; ®, data shown from the nivolumab or
pembrolizumab monotherapy arm(s) only. ICC, investigator’s choice chemotherapy; PFS, progression-free survival; AEs, adverse events;

RR, response rate.

previously treated with BRAF or MEK inhibitor or both
if BRAF mutant (67). The primary endpoint was PFS.
PFS was improved in patients assigned to the two doses
of pembrolizumab (HR=0.57 and HR=0.50, respectively,
P<0.001). Six-month PFS for the three arms was 34%, 38%
and 16%, respectively, whilst mean PFS was 5.4 months,
5.8 months and 3.6 months, respectively,. OS data were
immature and final OS was to be assessed after 370 deaths.
The incidence of grade 3-4 treatment-related AEs was
higher in the chemotherapy group (26% vs. 11-14%). These
findings are consistent with the findings in the ipilimumab-
pretreated population cohort in the KEYNOTE-001 study
and established pembrolizimab as a new standard of care for
the treatment of ipilimumab-refractory melanoma and taken
together, they provide no evidence that one pembrolizumab
dosing regimen is superior to another.

Nivolumab was also tested in patients with melanoma
who had progressed after ipilimumab (68). In this
randomized, controlled, open-label, phase III trial,
272 patients were allocated to nivolumab and 133 to
investigator-choice chemotherapy. The objective response
was 32% vs. 11%. Grade 3-4 drug-related AEs were fewer
in the chemotherapy group. There were no treatment-
related deaths. This second trial corroborates the findings
of the KEYNOTE-002 and establishes the use of anti-PD-1
antibodies in an ipilimumab-refractory population.

In the KEYNOTE-006 trial, pembrolizumab was
compared with ipilimumab (69). BRAF V600 mutational
status was required for enrollment. Previous BRAF inhibitor
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therapy was optional for patients with normal LDH and no
clinically significant tumor-related symptoms or evidence of
rapidly progressive disease (indolent disease). In this phase
IIT trial, 834 patients were assigned in 1:1:1 ratio to receive
pembrolizumab at a dose of 10 mg/kg Q2W or Q3W or the
FDA approved regimen for ipilimumab. Primary endpoints
were PES and OS. The estimated 6-months PFS was 47%
for the pembrolizumab arms and 26% for the ipilimumab
arm (HR=0.58, P<0.001), whilst estimated 12-months
survival was 74%, 68% and 58%, respectively. The RR was
improved with pembrolizumab as compared to ipilimumab
(33% ws. 11%, P<0.001 for both comparisons). This is the
third trial to show a similar efficacy in two pembrolizumab
regimens. Pembrolizumab had less high-grade toxicity
than ipilimumab (grade 3-5 treatment-related AEs in the
ipilimumab group was 19.9% (1able I).

The promising results of anti-PD-1 antibodies in patients
with ipilimumab refractory melanoma led to the design of a
randomized phase III trial of nivolumab in previously untreated
patients with advanced melanoma (70). Patients were eligible
if they were BRAF wild-type (W'T). This was a double blind
study and the comparator arm was dacarbazine treatment,
assigned in a 1:1 ratio. The primary end-point was OS.
Approximately 410 patients were randomized. The trial
was stopped early in June 2014, after the recommendation
of the data and safety monitoring committee. This
recommendation was based on an unplanned interim
database lock that showed a significant difference in OS in
favor of nivolumab. The study was unblinded and amended
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to allow patients enrolled in the dacarbazine group to cross
over. The results from the double blind portion of the study
(clinical data cutoff on June 24, 2014) showed that at 1 year
the OS rate was 72.9% in the nivolumab group compared
to 42.1% in the dacarbazine group (HR=0.42, P<0.001).
The median PFS was 5.1 vs. 2.2 months, respectively
(HR=0.43, P<0.001) and the objective RR was 40% uvs.
13%, respectively (P<0.001). The improved OS in the
nivolumab treated patients was regardless of PD-L1 status
and was observed across pre-specified subgroups based
on age, sex, metastasis stage, ECOG performance status
score, status with respect to the history of brain metastases,
baseline lactate dehyrogenase level and geographic region.
The incidence of treatment-related AEs of any grade was
similar in the two groups. However, serious AEs of grade 3
and 4 were less frequent in the nivolumab group (11.7% wvs.
16.7%, respectively). The most common AEs related to the
nivolumab treatment were as expected fatigue, pruritus and
nausea, whereas in the dacarbazine group the toxic events
were mostly gastrointestinal and hematologic.

Two additional studies in patients with metastatic
melanoma who had not previously received treatment were
conducted (71,72). Both studies built upon a phase I study,
where concurrent therapy with nivolumab and ipilimumab
was administered (73). The maximum tolerated dose was
1 mg/kg for nivolumab and 3 mg/kg for ipilimumab. In
this phase I study, 53 patients received concurrent therapy
and the objective response was 53%, all patients with
tumor reduction of 80% or more. In this same study,
33 patients received sequenced treatment. Among patients
in the sequenced regimen group, 18% had grade 3 or 4
AEs compared with 53% in the concurrent regimen group
and the objective response was 20%. The clinical activity
appeared to be distinct from that on monotherapy, with
rapid and deep tumor regression. The OS at 1 year was
85% and at 2 years 79%.

The first study was a double blind, involving 142 patients
randomly assigned in a 2:1 ratio to receive the combination
or monotherapy with ipilimumab until the occurrence of
disease progression or unacceptable toxicity. The primary
end-point was the rate of investigator-assessed confirmed
responses among patients with BRAF V600 WT tumors.
The objective response was 61% with the combination vs.
11% in the ipilimumab montherapy group (P<0.001), with
CRs in 22% vs. 0%, respectively. The median duration
of response was not reached in either group. This was
also the case for the median PFS with the combination
therapy, while it was 4.4 months with the ipilimumab
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monotherapy group (HR=0.40, P<0.001). Similar results
were observed in 33 patients with BRAF positive tumors.
Overall, the characteristics of response observed with
nivolumab plus ipilimumab were consistent with previously
reported results, with most responses occurring by week
12 (time of the first tumor assessment). It should be noted
that many patient responses continued to occur despite
discontinuation of therapy. In addition, the RR associated
with the combination regimen in this phase II study was
higher than previously reported in the phase I trial, which
might be explained by the fact that the patient population
in this study was previously untreated. Drug-related AEs
were reported in 54% of the patients who received the
combination therapy; identical with the rate observed in
the phase I trial, compared with 24% of the patients who
received ipilimumab monotherapy.

The second was a randomized double-blind, phase
IIT study of nivolumab monotherapy or combination of
nivolumab with ipilimumab compared with ipilimumab
alone in patients with metastatic melanoma. In total, 945
previously untreated patients were enrolled in a 1:1:1 ratio.
PFS and OS were co-primary end-points. At a median
follow-up ranging from 12.2 to 12.5 months across the three
groups, the median PFS was 6.9 months in the nivolumab
group, 11.5 months in the nivolumab plus ipilimuab group
and 2.9 months in the ipilimumab group. The comparison
between the nivolumab plus ipilimumab group and the
ipilimumab group showed significantly longer PFS in the
first group (HR=0.42, P<0.001); similar were the findings
for the comparison between the nivolumab and ipilimumab
groups (HR=0.57, P<0.001). Although the study was not
designed for a formal statistical comparison between the
nivolumab group and the combination group, the hazard
ratio was 0.74. The combination resulted in a significantly
longer PFS and a higher rate of response than nivolumab
alone in the overall study population. As patients were
stratified according to tumor PD-L1 status (positive vs.
negative or intermediate), in patients with PD-L1 negative
tumors PFS was longer with the combination therapy
than with nivolumab alone (11.2 vs. 5.3 months), while the
objective RRs were 54% vs. 41%. Grade 3 or 4 treatment-
related AEs occurred in 55% of the patients in the
combination group, 16% in the nivolumab group and 27%
in the ipilimumab group (Zable 2).

Talimogene laherparepvec (T-VEC)
Oncolytic viruses are novel cancer treatments that include
WT and modified live viruses. T-VEC is a first-in-class
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Table 2 Anti-PD-1 as first line treatment. Nivolumab or pembrolizumab in first line?”

Anti-PD-1 as second line treatment Nivolumab Pembrolizumab

Phase Il trials, n 2 1

Trial name and reference Checkmate 066 (70)  Checkmate 067 (NIVO arm) (72) KEYNOTE 006 (69)

Comparator arm (data not shown)b DTIC Ipilimumab Ipilimumab

BRAF status WT Mixed Mixed

Dose 3 mg/kg Q2W (approved) 10 mg/kg Q2W 10 mg/kg Q3W
(not approved) (not approved)

1-year OS, % 73 NA 74 68

Median PFS, mo 5.1 6.9 5.5 4.1

RR, % 40 44 34 33

Treatment-related AEs, % 74 82 80 73

Grade 3-5 treatment-related AEs, % 12 16° 13 10

%, data from separate, non-comparative trials, a cross-trial comparison is not intended; ®, data shown from the nivolumab or
pembrolizumab monotherapy arm(s) only; % grade 3-4 AEs. DTIC, 5-(3,3-dimethyl-1-triazeno) imidazole-4-carboxamide; WT, wild-type;
Q2W, every 2 weeks; Q3W, every 3 weeks; OS, overall survival; NA, not available; PFS, progression-free survival; RR, response rate; AEs,

adverse events.

oncolytic virus, based on a modified type I herpes simplex
virus (HSV) designed to selectively replicate in and lyse
tumor cells, while promoting regional and systemic
antitumor immunity. T-VEC is modified through deletion
of two nonessential viral genes (74). A randomized open
label phase III trial was designed to compare T-VEC with
GM-CSF in patients with unresected stage IIIB to IV
melanoma (75). Patients were required to have injectable
lesions that were not surgically resectable and were
randomly assigned in a 2:1 ratio to intralesional T-VEC or
subcutaneous GM-CSE. The primary end-point was durable
response rate (DRR; objective response lasting continuously
>6 months) per independent assessment. Secondary end-
points included OS and ORR. In total, 436 patients were
enrolled. DRR was significantly higher with T-VEC (16.3%)
than GM-CSF (2.1%) (P<0.001). ORR was also higher in
the T-VEC arm (26.4%). Median OS was 23.3 months with
T-VEC and 18.9 months with GM-CSF (P=0.51). Subgroup
analyses were performed and showed that differences in
DRR between the T-VEC and GM-CSF arms were more
pronounced in patients with stage IIIB or IIIC (33% uvs.
0%) and IVM1a disease (16% wvs. 2%) than in patients with
stage IVM1b (3% vs. 4%) and IVM2c disease (7% vs. 3%).
The same phenomenon was seen in patients with treatment
naive metastatic melanoma (24% vs. 0%). Treatment was
well tolerated, with most common AEs being fatigue, chills

© Annals of Translational Medicine. All rights reserved.

and pyrexia. There were no treatment-related deaths. In
October 2015, T-VEC received regulatory endorsements
on each side of the Atlantic for its first-in-class oncolytic
viral therapy.

Unanswered questions in 2016

With four immunotherapeutic agents in our
armamentarium in 2016, the questions that remain to be
answered are sequencing of treatments, combination with
targeted agents, duration of treatment and biomarkers.
Randomized control trials are under way and the results are
awaited with interest.
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