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Summary The combination of Cytotoxic T-Lym-
phozyte Antigen-4 (CTLA-4) and Programmed death-
1 (PD-1) antibodies and the combination of BRAF
and MEK inhibitors are the current clinical standards
for combination immune and targeted therapy for
melanoma, respectively. The success of these ther-
apies has stimulated research into novel drug com-
binations for melanoma, of which a large majority
are based on combination with PD-1 or PD-Ligand
1 (PD-L1) blocking drugs. Thus, the aim is to pro-
vide an overview of the most important combination
strategies in late stage clinical development and an
outlook on drug combinations in early development
that might enter larger clinical trials within the next
few years.
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Introduction

The combination of ipilimumab (Ipi) and nivolumab
(Nivo) and the combination of BRAF and MEK in-
hibitors are current standards for combination ther-
apies in immunotherapy and targeted therapy of
melanoma [1, 2]. Recent data from pivotal stud-
ies have demonstrated that roughly up to 35% (for
BRAF/MEK inhibitors) and 50% (for Ipi/Nivo) of first-
line patients treated with these combinations are still
alive after 5 years. While this is a significant gain
over the past standard of chemotherapy, it means
that at least half of these patients will not achieve
a long-term benefit. Several new combinations that
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aim to further improve these numbers are currently
undergoing late-stage clinical development.

Targeted inhibitors and PD-1/PD-L1 blocking
antibodies

The clinical rationale for combining targeted and im-
munotherapy is to utilize the rapid onset of response
and high response rate of BRAF/MEK inhibitors and
the longer duration of benefit seen in patients re-
sponding to checkpoint inhibitors (CPI). In addition,
a preclinical rationale is that early during targeted
treatment an influx of T-cells into the tumor is ob-
served which could be augmented by adding a CPI
[3]. The combination of vemurafenib and cobime-
tinib with the PD-L1 blocking antibody atezolizumab
(NCT02908672, Trilogy) as well as the combination
of dabrafenib and trametinib with the PD-1 block-
ing antibody spartalizumab (NCT02967692, Combi-I)
are currently being tested in phase III trials in pa-
tients with BRAF mutations and in comparison to the
respective BRAF/MEK inhibitor combination. Data
from Trilogy presented at AACR showed a median in-
vestigator assessed progression-free survival (PFS) of
15.1 vs. 10.6 months (P=0.0249) in favor of the triplet
arm. However, no difference in response rate was seen
between the two arms, especially no higher number
of complete responses (CRs) was observed with the
triplet. Data on overall survival (OS) was immature
with some early separation at the 24 month time point
[4]. For Combi-I only data from an early safety and
biomarker cohort has been presented but spiked in-
terest with a high CR rate of 44% [5]. Phase III data
from Combi-I is expected later this year.

The main issue with these triplet trials is on the one
hand that the comparator arm of BRAF/MEK inhibi-
tion is not the recommended first-line therapy for un-
resectable metastatic melanoma in major guidelines.
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Independent of the mutational status, this is nowa-
days a PD-1 based CPI regimen. On the other hand,
the PFS landmarks in Trilogy of 54% investigator as-
sessed PFS at 12 months and 43.6% at 18 months
are not better than what was shown to be possible
with the combination of Ipi and Nivo [6]. Especially
since Trilogy had only a bit more than 30% of patients
with elevated LDH and thus a rather positively skewed
population, this raises the question whether it would
be really an advantage to use both the immunother-
apy and the targeted therapy option in first-line rather
than saving targeted therapy as an ideal second-line
treatment in the case of CPI failure.

Novel checkpoint inhibitor combinations

Currently several alternative immune check points
like Tim-3, Tigit, Vista LAG-3 and others are tested,
mostly in combination with PD1 inhibitors in clinical
trials. While the majority are in early phases of clinical
development, the LAG-3 antibody relatlimab is cur-
rently being tested in combination with nivolumab
against nivolumab alone in the first-line treatment
of patients with unresectable metastatic melanoma
(NCT03470922). While no data from this trial is avail-
able, relatlimab is also being tested in an ongoing
phase II trial in patients after progression on or fol-
lowing PD-1 antibody treatment (NCT01968109). An
early assessment from this trial presented at ESMO in
2017 did show an ORR with relatlimab and nivolumab
of 11.5% which increased to 18% in patients with >1%
of LAG-3 expression on the tumor, indicating that
such a therapy could in the future be selected based
on a biomarker [7].

Combination therapies with cytokines

In the early days of checkpoint inhibition, cytokines
like IL-2 or GM-CSF were combined with ipilimumab
in early phase clinical trials, but none of these com-
binations was developed until approval. Bempe-
galdesleukin (NKTR214/Bempeg) is a PEGylated ver-
sion of 1L-2 that is delivered as a 6-PEG prodrug from
which the active 2-PEG and 1-PEG forms are released.
The active forms exhibit a relative selectivity for Il-
2Rpy which is preferentially expressed on cytotoxic T-
and NK-cells over I12-Rafy preferentially active on
regulatory T-cells. In the phase I/II trial Pivot 02
a combination of nivolumab with bempeg did show
an encouraging CR rate of 34% in first-line patients
with stage IV melanoma. In contrast to classic high-
dose IL-2, bempeg can be administered on an outpa-
tient basis as high-grade side effects associated with
a vascular leak syndrome have not been observed [8].
This combination is currently tested in a phase III
trial against nivolumab alone (NCT03635983).

Combinations with intralesional drugs

Talimogene laherparepvec (TVEC) is a modified her-
pes-simplex type I virus that replicates preferentially
in tumor cells and expresses human GM-CSE In Eu-
rope TVEC is approved for intralesional treatment of
melanoma patients with injectable, superficial lesions
in unresectable stage III or stage IV M1la. The com-
bination of viral lysis of tumor cells with an immune
induction by pathogen-induced signals as well as by
the expression of hGMCSF has been demonstrated to
induce regression of injected as well as of uninjected
lesions. The quintessential action of TVEC as a form of
personalized in situ tumor-vaccine then spiked inter-
est in using TVEC together with CPIs. Combinations
with ipilimumab as well as pembrolizumab were ex-
plored in phase II protocols. In a randomized phase II
study, the combination of TVEC + Ipi was compared to
Ipi alone and the study met its primary endpoint with
an ORR of 39% over 18% in favor of the combination
arm. This was not only limited to injected lesions but
did also extend to regression of uninjected visceral le-
sions which was observed in 52% of patients in the
combination arm vs. 23% of patients in the Ipi arm.
PFS was not significantly different, although numer-
ically higher in the combination arm, where Ipi was
only started after 5 weeks of initial TVEC treatment
[9]. While OS for the whole study is not yet mature,
the number of CRs in each treatment arm—21.4% vs.
6% for TVEC+Ipi and Ipi, respectively—was demon-
strated to be associated with an improvement in long-
term survival [10].

Translational proof of principle was provided by
a single arm phase II study that combined TVEC with
pembrolizumab with a 6 week run-in phase of TVEC
before adding pembrolizumab. Confirmed objective
response rate was 62%, with a complete response rate
of 33% per immune-related response criteria. An ini-
tial increase of intratumoral CD8+ T-cells following
administration of TVEC that was augmented by the
addition of pembrolizumab, and the level of response
was independent of the number of CD8+ T-cells at
baseline [11].

The combination of TVEC and pembrolizumab is
currently being tested vs. pembrolizumab alone in
the randomized Masterkey-265 trial (NCT02263508).

Tilsotolimod (IMO-2125) is a synthetic oligonu-
cleotide which binds to TLR9 and activates anti-
gen presentation of dendritic cells and macrophages
with subsequent proliferation of antigen specific cy-
totoxic T lymphocytes (CD8+ T-cells) in both in-
jected and uninjected tumors. Tilsotolimod was
tested in a phase I/II study in combination with
ipilimumab in 26 PD-1 refractory melanoma patients
(NCT02644967). An ORR of 38% with 9.5% CRs was
observed which exceeds the expected response rate
to ipilimumab alone and the combination was well
tolerated [12]. A phase III study with this combination
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in comparison to ipilimumab alone in PD-1 refractory
patients is ongoing (NCT03445533).

PV-10 is an injectable formulation of rose bengal
disodium, a water-soluble xanthene dye otherwise
used in topical ophthalmic diagnostics. PV-10 was
shown to induce tumor-specific interferon y-release
and tumor-cell apoptosis. Based on response rates
above 50% in injected and uninjected metastases in
early clinical studies [13] PV-10 is currently being
tested in an open label randomized controlled trial in
combination with the PD-1 inhibitor pembrolizumab
(NCT02288897).

Combinations in early clinical development

Many other combinations are being tested in early
clinical protocols that also include melanoma pa-
tients, and are mostly based on a PD-1 inhibitor
backbone. Based on different preclinical rational,
which has been reviewed more extensively elsewhere,
they target diverse aspects of the immune response
[14].

Glucocorticoid-induced = TNFR-related protein
(GITR), a member of the TNF receptor superfam-
ily is expressed at high levels on regulatory T-cells.
Drugs blocking GITR have been shown to decrease
the number of regulatory T-cells, while activating
CD8+ T-cells [15]. Different inhibitors of GITR are
currently being tested in combination with PD-1 in-
hibitors alone or in combination with ipilimumab in
phase I/1I trials.

Stimulator of interferon genes (STING) is an intra-
cellular receptor that controls the transcription of im-
mune response genes like type I interferons, proin-
flammatory cytokines or chemokines typically in re-
sponse to triggers of the innate immune system, in-
cluding signals from dendritic cells in response to
necrotic tumor cells. STING knock-out mice have
been shown to have an increased susceptibility to tu-
mors and deactivation of STING prevented the activ-
ity of checkpoint inhibitors in preclinical models [16].
Recently stimulators of STING have been tested in
early clinical trials and are currently being developed
in combination with PD-1 blocking drugs.

The combination of the HDAC inhibitor entinos-
tat was tested in combination with pembrolizumab
in 53 patients who had previously progressed on or
after PD-1 based therapy in the ENCORE-601 study
(NCT02437136). The rationale behind the use of an
HDAC inhibitor is to inhibit regulatory T-cells as well
as myeloid-derived suppressor cells in the tumor mi-
croenvironment. The ORR was 19% with 1 CR and
5 PRs [17]. This combination is currently also be-
ing tested in patients with metastatic uveal melanoma
(NCT02697630).

Adenosine is produced at high levels in the hy-
poxic tumor microenvironment and exerts immuno-
suppressive functions through the A.x receptor ex-
pressed on various immune cells [18]. Adenosine is

released from ATP through conversion by CD39 and
CD73. Inhibitors of CD73 and the A2A receptor are
currently in clinical development in combination with
PD-1 or PD-L1 blocking antibodies in solid tumors,
including melanoma.

Several personalized, neoepitope-specifc RNA vac-
cines are under clinical development and are also
combined with PD-1 inhibitors. These vaccines
are based on analysis of the tumor-specific set of
mutations (the “mutanome”). From these muta-
tions altered protein structures—so-called “neoepi-
topes”—can be predicted and sorted for their possi-
ble immune reactivity. A set of such patient-specific
neoepitopes is then injected into lymph nodes or
infused in the form of a stabilized mRNA structure
leading to in loco translation of the immunogenic
protein, thus, leading to induction of a tumor-specific
immune response [19].

Discussion

A wide range of new combinations is developed for
the therapy of melanoma. Currently the majority of
these trials are addressing first-line patients with un-
resectable metastatic melanoma. These trials do how-
ever face the challenge to demonstrate an equal or
higher efficacy than the combination of ipilimumab
and nivolumab, the current benchmark for efficacy in
melanoma therapy.

One way to overcome this obstacle would be to
demonstrate superiority in a biomarker-defined sub-
set of patients. While PD-L1 has been repeatedly
shown to lack value as a biomarker in melanoma pa-
tients, expression of other target proteins (e.g., LAG-3)
might become useful biomarkers for some therapies.
Specific immune signatures that show deficiencies
in the tumor-immune response that would allow to
rationally choose combinations addressing specific
defects would be an alternative strategy. Intriguing
concepts, like the cancer immunogram [20], have
provided theoretical insight into the necessary com-
ponents of the tumor-immune response and several
assays like the interferon-gamma signature, muta-
tional load or spatial distribution of immune cells are
currently under development. Together with other
biomarkers, e.g. the gut microbiome, they might in
the future guide treatment decisions [21].

The biggest challenge we face today in melanoma-
therapy is however patients who have already pro-
gressed on PD-1-based therapies, especially if they
lack a BRAF mutation. While encouraging signals in
this field come from some of the novel combinations
described, only a minority of these studies address
this burning question. The main difficulty in design-
ing trials specifically for this patient population is that
despite the increasing amount of information on pos-
sible resistance mechanisms we do—similar to the
first-line decision—still lack established markers that
would allow us to point out a specific resistance mech-
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