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Abstract Both immune checkpoint inhibitors and molecular-
ly targeted agents have dramatically improved clinical out-
comes for patients with metastatic melanoma. These two ther-
apeutic approaches harness distinct mechanistic pathways—
on the one hand, monoclonal antibodies against the immune
checkpoints CTLA-4 and PD-1/PD-L1 stimulate the T cell
mediated host immune response, while targeted inhibitors of
the proto-oncogenes BRAF and MEK disrupt constitutive ki-
nase activity responsible for tumor growth. The prospect of
combining these two treatment modalities has been proposed
as a potential way to increase overall response rate, extend
durability of the anti-tumor response, and circumvent the
immune-mediated resistance to targeted therapy. This review
explores the preclinical rationale—building upon a wealth of
in vitro and in vivo studies—for improved anti-tumor efficacy
from combined immune checkpoint inhibition and targeted
therapy. In the process, we detail the early clinical trials that
have assessed the compatibility of combining these two ther-
apies and the unexpected challenges faced from studies show-
ing increased toxicity from these regimens. Ultimately, with
more clinical data expected to mature and accrue in the near
future, we elucidate a potentially novel and promising strategy
for patients with advanced melanoma.
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1 Introduction

Melanoma is the leading cause of skin cancer mortality and
morbidity worldwide, with an estimated 232,000 new cases
diagnosed each year and approximately 55,000 deaths annu-
ally [1]. Until only recently, the standard first-line treatment
for disseminated disease was the alkylating agent dacarbazine,
for which there was no proven overall survival (OS) benefit
and an objective response rate (ORR) in the 10% range [2].
While a modest survival benefit was observed with high dose
IL-2 monotherapy and interferon alfa-2b adjuvant therapy in
subgroups of patients, the significant toxicity of these treat-
ments in conjunction with the modest clinical efficacy have
limited their clinical utility [3, 4]. However, following the
regulatory approval of novel immunomodulatory and molec-
ularly targeted therapies in 2011, a paradigm shift occurred in
the clinical management and course of this historically
Bincurable^ disease [5].

The first immune checkpoint inhibitor (ICI) ipilimumab, an
antibody directed against the inhibitory surface T cell immune
checkpoint receptor cytotoxic T-lymphocyte-associated pro-
tein 4 (CTLA-4), demonstrated improved OS compared to
standard therapy and, for some melanoma patients, durable
clinical benefit without the limiting toxicity previously asso-
ciated with immunotherapy [6, 7]. The success of this new
immune-based treatment led the way for a host of novel agents
designed to disrupt the receptor-ligand interaction between
tumors and Tcell inhibitory regulators [8]. Subsequent studies
of ICIs directed at programmed cell death protein 1 (PD-1), a
receptor expressed on NK, B, and T cells [9], resulted in
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further improved anti-tumor activity in melanoma, with both
nivolumab and pembrolizumab demonstrating improved
ORR andOS in previously treated and untreated patients com-
pared to chemotherapy as well as compared to ipilimumab
[10–12]. Furthermore, a trial of combination ipilimumab and
nivolumab revealed further improved progression-free surviv-
al (PFS) and ORR compared to the monotherapy regimens of
ipilimumab or nivolumab [13].

Concurrent with these exciting advances in the realm of
immunotherapy, substantial progress in our understanding of
the molecular pathways and biological processes ofmelanoma
have led to new genomic-based targeted treatment strategies.
After the discovery of activating BRAF V600 mutations—
most commonly a valine to glutamic acid substitution at ami-
no acid position 600 (V600E)—present in approximately 50%
of melanomas [14], new agents were developed that specifi-
cally target the constitutive kinase activity of these oncogene
products found to be critical in the initiation of melanocytic
neoplasia [9]. Early in vitro studies of BRAF protein kinase
inhibition induced apoptosis and tumor regression in BRAF
mutant cell lines and tumor specimens and led the way for
clinical trials [15]. Follow-up large phase III trials of selective
BRAF V600E inhibitors vemurafenib and dabrafenib demon-
strated significant clinical benefit in patients with BRAF mu-
tant metastatic melanoma [16, 17]. More recently, combined
inhibition of BRAF V600 and mitogen-activated protein ki-
nase (MEK), another key downstream kinase in the RAS-
RAF-MEK-ERK mitogen-activated protein kinase (MAPK)
cell proliferation pathway, using dabrafenib and trametinib
or vemurafenib and cobimetinib have shown superior OS over
BRAF inhibition alone and have replaced BRAF directed
monotherapy [18, 19].

Collectively, both BRAF V600 kinase inhibitors and PD-1
and/or CTLA-4 blockade have extended the life expectancy of
many patients with advanced melanoma; over 70% of patients
are alive at 12 months on current standard of care treatment
regimens [20]. However, despite improved patient outcomes,
each class of therapy has notable shortcomings. Objective
tumor responses with combined BRAF/MEK inhibition are
in the 70–80% range; however, they are not typically durable
[17, 21], with acquired resistance developing in the majority
of patients on combination MAPK inhibitor therapy by ap-
proximately 12 months [22]. Alternatively, tumor responses
achieved with ICIs are more frequently durable [23], but re-
sponse rates are lower and the onset of responses is slower on
average [24]. Notably, recent studies have positioned the
MAPK pathway at the intersection of targeted and immuno-
therapy in melanoma, as demonstrated by evidence of
immune-mediated resistance mechanisms to MAPK inhibi-
tion on one end and of enhanced immune responses mediated
by MEK and BRAF inhibition on the other. Therefore, with
the goal of achieving both durable and frequent responses, as
well as to prevent the emergence of immune-mediated

resistance mechanisms to MAPK inhibition [25], the combi-
nation of ICI and kinase-targeted therapy is being assessed as
a potential synergistic treatment for advanced BRAF V600
mutant melanoma. In this article, we will review preclinical
and clinical studies that have recently brought this critical
aspect of melanoma therapy to the forefront.

2 Preclinical and human correlative evidence

There is emerging evidence that MAPK pathway dysregula-
tion in melanoma cells can lead to tumor immune evasion
[26]. A number of in vitro and in vivo studies suggest that
BRAF and/or MEK inhibition mediate an intratumoral im-
mune milieu that may be more susceptible to the effects of
ICIs. While accurate biomarkers of clinical response to check-
point inhibition remain elusive [27], several features of the
tumor microenvironment have been identified that can poten-
tially predict clinical efficacy of ICIs. For example, upregula-
tion of PD-L1 on tumor and/or immune cells [28], high mu-
tational burden and neoantigen load [29], microsatellite insta-
bility [30], T cell receptor clonality [9], an adaptive tumoral
immune signature [27], and the presence of intratumoral
CD8+ lymphocytes [31] have all been associated with im-
proved efficacy to ICIs. In addition, preliminary evidence
from early trials of combination radiotherapy and checkpoint
inhibition suggests improved anti-tumor activity mediated by
the tumoricidal and immunomodulatory effects of tissue radi-
ation [32]. With improved knowledge of the factors that de-
termine tumor responsiveness to ICIs, a thorough understand-
ing of the biological changes induced by targeted therapies
and their effects in combination with immunotherapy is criti-
cal to evaluating the potential efficacy of combined ICI and
targeted therapy.

The following is an overview of the in vitro cell-line and
human tumor tissue experiments, as well as the in vivomurine
studies that explore immune-features of MAPK-directed ther-
apy and assess the potential for targeted therapy and ICI syn-
ergy (schematic of immune-related effects of MAPK inhibi-
tion in Table 1).

2.1 Studies of single agent BRAF or MEK inhibition

An early study of BRAF mutant melanoma cell lines exposed
to the highly selective MEK inhibitor U0126 or a lentivirus-
mediated RNA interference targeting BRAF found significant
reductions in cellular mRNA expression of the immunosup-
pressive cytokines IL-6, IL-10, and VEGF following treat-
ment with either agent [26]. In addition to downregulation of
these suppressive factors, inhibition of BRAF in this study
also resulted in reversal of the inhibitory effects of TNF-α
and IL-12 on monocyte-derived dendritic cell (moDC) matu-
ration. Further investigation into the immune response to
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BRAF inhibition in melanoma cell lines and human tumor
biopsies treated with vemurafenib additionally implicated
downregulation of IL-1α/β—proteins capable of impairing
T cell functionality through their effects on tumor-associated
stromal fibroblast cells—as an important contributor to the
immune milieu following targeted therapy [38].

Likewise, changes in the quantity and quality of tumor-
infiltrating lymphocytes have been described post-BRAF inhi-
bition. For example, immunohistochemical analysis of tumor
tissue from 15 patients with metastatic melanoma who were
treated with the BRAF inhibitors dabrafenib or vemurafenib
revealed an increase in CD4+ and CD8+ T cells [39]. In this
study, the extent of CD8+ tumor influx was inversely correlated
with tumor size, highlighting the preserved effector function of
these lymphocytes. Moreover, subsequent investigation of re-
sponse to vemurafenib in a syngenic mouse BRAF V600E-
resistant melanoma model revealed an increased intratumoral
CD8+ to T regulatory cell ratio, as well as recruitment of natural
killer cells and decreased tumor chemokine CCL2 expression
post-treatment [33]. Interestingly, sequencing of the comple-
mentarity determining region 3 (CDR3) of rearranged T cell
receptor (TCR) β chain-coding genes of intratumoral CD8+

lymphocytes from a small cohort of BRAF mutant melanoma
patients found efficacy of MAPK inhibitors closely linked to
the degree of expansion of pre-existing T cell clones, suggest-
ing a coordinated immune response of antigen-driven T cells
underlying BRAF inhibition [35].

In addition to the tumor-specific changes noted above,
there has been interest in understanding the systemic immune
response to MAPK inhibition. In one study, no significant

changes in serum cytokine levels, blood count, or leukocyte
subset frequencies were detected before and after either one or
two 21-day cycles of dabrafenib in 13 patients with BRAF
V600 mutant tumors [34]. However, an increase in TNF-α
was noted over the duration of therapy and elevations in cir-
culating CD8+ Tcells were seen in some patients. Moreover, a
similar study found increases in serum TNF-α, CCL4, and
IFN-γ, and a concomitant decrease in CXCL8 after treatment
with BRAF inhibition [36]. Reductions in serum CXCL8
levels significantly correlated with tumoral CD8+ infiltration,
proliferation marker Ki-67, and decreased OS.

2.2 Studies of combined MEK/BRAF inhibition

Given that combined BRAF MEK inhibition is now the stan-
dard treatment for BRAFV600 mutant advanced melanoma
(rather than BRAF inhibition alone), understanding the role
of the combination on the immune milieu is critical to
assessing their synergistic potential with ICIs. An initial piv-
otal study of BRAF mutant melanoma cell lines and human
tumor digests treated with vemurafenib or the two MEK in-
hibitors U0126 and PD0325901 reported upregulation of me-
lanocyte differentiation antigens (MDAs) in response to either
of these agents [40]. Melanocyte differentiation antigens play
a key role in Tcell tumor sensitization and are vital to ensuring
anti-tumor immunity. While T cell function and proliferation
in vitro were not negatively impacted by BRAF inhibition,
there was noticeable impairment in T cell functionality from
MEK inhibition. In a different study on isolated T lympho-
cytes and moDC, these suppressive in vitro effects were also

Table 1 Selected immune-related effects of MAPK-directed therapy

Experimental models BRAF inhibition MEK inhibition Combination BRAF/MEK inhibition

Melanoma cell lines ↓ IL-6, IL-10, and VEGF [23]
↑ MoDC maturation upon LPS

stimulation [23]
↓ IL-1α/β proteins [29]
↑ MDAs [33]
↑ HLA I/II molecules [34]
↑ Tumor antigens (gp100, ect.) [34]
↑ Apoptotic factors (BIM1, ect.)

[34]
↓ PD-L1, VEGFA, IL1A, and NT5E

(CD73) [34]

↓ IL-6, IL-10, and VEGF [23]
↑ MDAs [33]
↓ T cell functionality [33–35]
↑ HLA I/II molecules [34]
↑ Tumor antigens (gp100, ect.) [34]
↑ Apoptotic factors (BIM1, ect.) [34]
↓ PD-L1, VEGFA, IL1A, and NT5E

(CD73) [34]

↑ HLA I/II molecules [34]
↑ Tumor antigens (gp100, ect.) [34]
↑ Apoptotic factors (BIM1, ect.) [34]
↑ Immunomodulation factors (CD40,

ICOSLG, IL15, ect.) [34]
↓ PD-L1, VEGFA, IL1A, and NT5E (CD73)

[34]

Human tumor tissue
samples

↑ CD4+ and CD8+ T cells [30]
↑ MDAs [33]
↓ IL-6, IL-8 [36]
↑ Granzyme B, perforin [36]
↑ TIM-3, PD1, PD-L1 [36]

↑ MDAs [33] ↑ CD8+ T cells [36]
↓ IL-6, IL-8 [36]
↑ MDAs [36]
↑ Granzyme B, perforin [36]
↑ TIM-3, PD1, PD-L1 [36]

Murine tumor
models

↑ Intratumoral CD8+/Treg ratio
[31]

↑ Intratumoral NK cells [31]
↓ Tumor CCL2 expression [31]

↓ CCL2, IL-1 β, and TGF-β1 [34]
↑ HLA-II genes [34]
↑ Intratumoral CD4+ T cells, preserved

functionality [34]

↑ MDAs [37]
↑PD-L1 and CSF-1R [37]
↓ VEGF [37]

MoDC monocyte-derived dendritic cell, LPS lipopolysaccharide, Treg T regulatory cells, NK natural killer cells, TIL tumor infiltrating lymphocytes,
MDAs melanocyte differentiation antigens
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observed after administration of trametinib, both alone and in
combination with BRAF inhibitor dabrafenib [41].

While such in vitro studies would suggest that MEK inhib-
itors may not be able to effectively synergize with checkpoint
inhibitors, other work has shown that these negative effects
may be, at most, transient and often difficult to reproduce
in vivo. In a study of human CD4+/CD8+ Tcells isolated from
healthy individuals and stimulated with anti-CD3/anti-CD28
antibodies, exposure to simultaneous and independent admin-
istration of dabrafenib and trametinib revealed that only
trametinib by itself induced partial and transient inhibition of
CD4+ T cell proliferation after 3 days with decreased caspase-
3/7 activity for 24 h following T cell activation [37]. Further
in vivo analysis of trametinib in the CT26 murine syngenic
colon cancer model found that the MEK inhibitor actually
reduced immunosuppressive factors (including CCL2, IL-1
β, and TGF-β1) and significantly increased intratumoral
CD4+ T cells without compromising their functionality.
Moreover, in line with these beneficial in vivo immune effects,
dabrafenib and trametinib either alone or in combination had
effects on BRAF V600 mutant melanoma cells lines that may
render them more susceptible to an attack by immune cells.
Specifically, expression of various tumor suppressive factors
and molecules (i.e., IL1A, IL8, VEGFA, PD-L1) was reduced
and cellular expression of HLA-class I/II molecules, MDAs as
well as apoptotic factors was increased.

Another study assessing changes in post-treatment biopsies
from 16 patients with BRAF V600 mutant metastatic melano-
ma who were treated with either vemurafenib or dabrafenib
and trametinib documented prominent immune-sensitizing ef-
fects [42]. These changes, apparent 10–14 days post-dosing,
included decreased levels of the immunosuppressive cyto-
kines IL-6 and IL-8, intratumoral recruitment of CD8+ Tcells,
and increased MDAs and markers of cytotoxic activity (gran-
zyme B, perforin). Despite these results indicating a beneficial
effect on the anti-melanoma immune response, immunohisto-
chemical analysis of T cells also revealed upregulation of the
exhaustion markers TIM3, PD1, and PD-L1 potentially sup-
pressing the anti-tumor immune response. Nonetheless, given
that PD-L1 upregulation has been associated with improved
clinical benefit with PD-1 and PD-L1 inhibition in melanoma
[43], it is reasonable to conclude that PD-L1 upregulation by
MAPK inhibitors may facilitate a more potent ICI response.

2.3 Studies of MAPK inhibition combined
with immunotherapy

The data gathered from experimental models combining im-
munotherapy and MAPK inhibition have substantially en-
hanced our understanding of the synergistic potential for these
the two therapeutic classes. Early in vivo studies of concomi-
tant BRAF and/or MEK inhibition with adoptive T cell ther-
apy, an immune cell-based approach involving reinfusion of

autologous reengineered lymphocytes into lymphodepleted
subjects [8], demonstrated combined potentiated efficacy in
several trials. In a murine xenograft human BRAF V600E
tumor melanoma model engineered to constitutively express
gp100/H-2Db recognized by gp100-specific transgenic T cells
(pmel-1), vemurafenib lead to increased infiltration of tumors
with adoptively transferred T cells and resulted in significant
tumor size reduction [44]. The enhanced tumor response was
attributed to decreased VEGF production mediated by BRAF
inhibition. Similarly, increased numbers of tumor infiltrating
lymphocytes (TILs) and significant decrease in tumor size
including complete regression was noted in a study of
in vivo SM1 murine syngenic BRAF V600E tumors treated
with Btriple combination^ dabrafenib, trametinib, and pmel-1
adoptive cell transfer [45]. In addition, this triple therapy led to
upregulation of immune-activating genes (IFN-γ, granzyme
B, CD8, etc.) and increased expression of MHC. Interestingly,
the addition of trametinib to dabrafenib did not impair the
functionality of adoptively transferred pmel-1 cells as
assessed by cytokine release and antigen-specific lytic activity
in vivo. Furthermore, the addition of trametinib reversed some
aspects of suppression in the tumor microenvironment when
only single agent dabrafenib was combined with adoptive
transfer of pmel-1 T cells, including increased infiltration of
T regulatory cells and macrophages. In this study, PD-1 inhi-
bition combined with BRAF and/or MEK inhibition was also
more effective. Specifically, dabrafenib, trametinib, and the
mouse anti-PD1 antibody DX400 mediated superior anti-
tumor activity compared with either therapy separately on
SM1 murine melanoma tumor lines in vivo. Another study,
in whichmouse CT26 colon carcinoma lines were treated with
trametinib in combination with PD-1, PD-L1, or CTLA-4 in-
hibition, also demonstrated superior efficacy compared to sin-
gle agent therapy [37]. The addition of trametinib to anti-PD-1
therapy leads to increased tumor infiltration with CD8+ cells.
Notably, in these in vitro studies, sequential treatment of
trametinib followed by PD-1 inhibition demonstrated superior
efficacy compared to PD-1 inhibition followed by trametinib,
suggesting that MEK inhibitors may prime the immune envi-
ronment to enhance ICIs. Furthermore, an in vivo study of the
effects of anti-CTLA-4 therapy combined with the pan-RAF
inhibitor BMS908662 on the CT26 and SA1N murine
sygnenic, BRAF wildtype tumor strain found that this combi-
nation led to a more significant reduction in tumor growth in
both tumor subsets [46]. The rationale for this improved effi-
cacy was paradoxical activation of T cells in the tumor micro-
environment that utilize RAS-activation and can be manipu-
lated by BMS908662.

While the majority of preclinical studies have identified
beneficial effects of MAPK-directed therapy and synergistic
effects with immunotherapy, some have not. The combination
of CTLA-4 inhibition and vemurafenib in a murine melanoma
model with induced primary tumors deficient in PTEN
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expression and also positive for the BRAF V600E mutation
did not lead to improvements in survival or tumor growth
[47]. In this study, TIL frequencies decreased post-BRAF in-
hibition, which is contrary to what has been reported in most
other studies and in contrast to another in vivo study of a
similar BRAF V600E, PTEN deficient subcutaneous implant-
able murine melanoma model, which found PD-1 or PD-L1
inhibitors to be synergistic with vemurafenib as evident by
increased TIL, improved response and survival [48]. In par-
ticular, CD3+ Tcells in the tumor increased at least 7.5-fold in
combination over monotherapy, and CD8+ Tcells and CD8+/
Treg ratio increased significantly as well. Additionally, CD8+
cells expressed significantly greater amounts of granzyme B,
IFN-γ, and TNFα in mice receiving both therapies.

3 Clinical studies

Early phase clinical trials combining ICI and BRAF targeted
therapy revealed unexpected toxicity associated with this nov-
el combination. In a phase 1 dose safety study, patients with
previously treated BRAF V600E metastatic melanoma re-
ceived either 960 or 720 mg of vemurafenib twice daily for
a month followed by four concurrent infusions of ipilimumab
(3 mg/kg every 3 weeks) and daily vemurafenib [49]. Within
the first 2 to 5 weeks following the first infusion of
ipilimumab, 6 of the initial 10 patients developed grade 3
transaminitis (reversible with either drug discontinuation or
glucocorticoid therapy) leading to discontinuation of the
study.

While the etiology for this hepatotoxicity has not been fully
elucidated, hepatotoxicity has not been consistently seen with
the combination of vemurafenib and ipilimumab. For exam-
ple, in a case series of 10 patients with advanced stage mela-
noma receiving combination vemurafenib and ipilimumab up-
on clinical response to vemurafenib, asymptomatic, reversible
grade >3 transaminitis was found in only 2 patients [50]. In
addition to vemurafenib and ipilimumab, an early dose-
expansion safety study explored the safety of combination
dabrafenib and/or trametinib with ipilimumab in BRAF
V600 metastatic melanoma patients [51]. In one study arm,
four patients underwent a 2-week run-in period of dabrafenib
(150 mg BID) followed by concurrent treatment with
dabrafenib and ipilimumab (3 mg/kg every 3 weeks for four
doses). Among these patients, no grade 3/4 transaminitis or
dose-limiting toxicities were observed. Two patients
discontinued treatment due to disease progression and two
remained on therapy at data cutoff. In another study arm,
patients received 2-week run-ins of dabrafenib (100 mg
BID) and trametinib (1 mg QD) followed by ipilimumab.
Two of the first seven patients enrolled, however, developed
grade 3 colitis associated with colonic perforation soon after
initiation of ipilimumab. Patient accrual was subsequently

suspended. Follow-up pathology of resected bowel in one
patient showed ipilimumab-induced colitis [52].

The recognition of substantial toxicity with combined
CTLA-4 blockade and BRAF/MEK inhibition and the avail-
ability of PD-1/PD-L1 inhibitors lead to clinical trials explor-
ing BRAF/MEK inhibition in combination with PD-1 path-
way blockade. In a phase 1 study, the safety of adding the PD-
L1 inhibitor MEDI4736 to dabrafenib and/or trametinib in
patients with BRAF mutant and wildtype metastatic melano-
ma was investigated [53]. In this study, 26 patients received
triple combination dabrafenib (150mgBID), trametinib (2mg
qD), and MEDI4736 (3 or 10 mg/kg IV every 2 weeks); 20
patients received combination trametinib and MEDI4736 and
19 received a sequential 4-week run-in of trametinib followed
by 2 weeks of trametinib and MEDI4736 and then
MED14736 monotherapy until disease progression. At
16 weeks after the initial dose, ORR for the three groups were
69, 21, and 13%, respectively, and disease control rates (in-
cluding complete/partial response and stable disease) were
100, 79, and 80%, respectively. Even at 50 weeks follow-up,
90% of patients on triple combination dabrafenib, trametinib,
and MEDI4736 continued to derive clinical benefit.
Additionally, no significantly increased toxicity or adverse
immuno-related events were reported and the treatment ap-
peared to be well tolerated.

Results from a phase 1B dose-escalation study of combi-
nation vemurafenib and PD-L1 inhibitor atezolizumab were
presented at the Society for Melanoma Research meeting in
2015 [54]. In this study, three patients received concurrent
vemurafenib (720 mg BID) and atezolizumab (20 or 15 mg/kg
or 1200 mg fixed intravenously every 3 weeks). In addition,
14 patients were treated with this combination therapy after a
run-in period of vemurafenib (960 mg BID) for either 28 (six
patients) or 56 days (eight patients). Patients without a run-in
of vemurafenib had an ORR of 33% with one complete re-
sponse noted. On the other hand, for those with a run-in of
either 28 or 56 days with vemurafenib, ORR was 100 and
75%, respectively. For the entire cohort, ORR was 76%
(95% CI, 50.1 to 93.2%) with a median duration of response
of 20.9 months and a median PFS of 10.9 months. Overall,
this combination was well tolerated with no dose-limiting tox-
icities or atezolizumab-related treatment discontinuations.

The anti-PD-1 antibody pembrolizumab is currently being
tested in combination with dabrafenib and trametinib in ad-
vanced BRAFV600 mutant melanoma patients. In the phase 1
dose escalation part, the toxicity was found to be manageable
and included grade 4 neutropenia and grade 4 elevated trans-
aminases that occurred in 3 of the first 15 patients, all of which
resolved. The study has therefore moved to phase 2; all three
drugs are given at the approved standard of care doses (Ribas
ASCO 2016). Initial efficacy and safety data were also report-
ed on a phase 1b trial combining atezolizumab, cobimetinib,
and trametinib. About 40% of the first 30 patients treated on
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the study experienced grade ¾ toxicities, most of which were
attributed to atezolizumab and resolved with dose interrup-
tions and or reductions. The overall response rate was 83%
and only one patient experienced primary progressive disease
(Sullivan, SMR 2016).

While much of the data on these combination regimens is
relatively early, several studies are underway to further our
understanding of this combination treatment approach
(Table 2). As new combinations are proposed, it is important
to understand not only the correct dosing of therapies but the
optimal clinical sequence of BRAF/MEK inhibitors and ICIs.
At this time, data from many trials suggest no significant dif-
ference in PFS or response rates depending on the order in
which ICIs or BRAF/MEK inhibitors are given [55, 56]. A
recent retrospective analysis of 114 patients with BRAF V600
mutant melanoma found a similar median OS irrespective of
whether patients received a BRAF and/orMEK inhibitor or an
anti-PD-1 agent first [57]. However, clinical outcome to front-
line therapy was superior and those who benefited from
BRAF inhibition for greater than 6 months showed signifi-
cantly higher response rates to anti-PD-1 therapy.
Alternatively, other studies suggest that immunotherapy be-
fore targeted therapy may be the preferred sequence due to the
potential in about 40% for rapid progression from BRAF in-
hibition that may hamper alternative therapy efforts [58].
Nonetheless, only through randomized clinical trials, like
NCT02224781 comparing ipilimumab and nivolumab with
dabrafenib and trametinib with crossover at progression, will
more definitive answers emerge to this question.

Additionally, since specific molecular subclasses of mela-
noma have differing responses to immunotherapy—for exam-
ple, NRAS mutant melanoma may have a better response to
PD-1/PD-L1 inhibition than BRAF or wildtype tumors [59]—
more investigation is needed into the interplay of genomics
and the immune response to combination therapy. Moreover,
given the potential for acquired resistance to both MAPK
inhibition [59] and immune checkpoint inhibition [60], down-
stream mutational changes may create an evolving immune

milieu as new genetic changes occur with time. Also, since
only patients that harbor a V600E mutation can benefit from
vemurafenib and/or dabrafenib, alternative molecular-targeted
agents—such as those targeting transcriptional regulators im-
portant for melanoma progression [61] or driver pathways of
resistance implicated such as the PI3K/AKT/mTOR [15]—
should be tested in combination with immunotherapy as well.
Moreover, as more clinical trials ensue, it is critical to optimize
biomarkers to help design rational combination therapies and
help with patient stratification and treatment selection. As
more data from clinical trials becomes available, our knowl-
edge in this important area of melanoma investigation will aid
future efforts for optimal synergistic combinations.

4 Conclusion

As new strategies emerge to extend survival benefit in metastatic
melanoma patients, the combination of both targeted therapy and
ICIs offers the potential for a both durable and potent anti-tumor
response. Preclinical studies have demonstrated favorable effects
of MAPK-directed therapy on the anti-tumor immune response,
providing a rationale for combining these therapies with ICIs.
Immune-modulating effects of MAPK inhibition include in-
creased TILs, upregulated expression of melanoma tumor anti-
gens and pro-apoptotic factors, and decreased immunosuppres-
sive cytokines. These changes may account for the improved
survival and enhanced anti-tumor response of in vivo studies that
combine immunotherapy with BRAF/MEK inhibition. Initial
clinical studies of ipilimumab with either vemurafenib or
dabrafenib and trametinib have exposed some unexpected toxic-
ity with combination ICI and MEK/BRAF inhibition. However,
recent BRAF/MEK inhibition plus ICI combination studies dem-
onstrated a safe toxicity profile and promising clinical activity.
Future studies with novel combinations and extended follow-
through of recent studies are needed to better evaluate this poten-
tial treatment strategy.

Table 2 Clinical trials exploring
ICI and targeted therapy in
combination for melanoma

Combination regimens Phase and status

Ipilimumab and vemurafenib (NCT01400451) Phase 1; terminated due to
hepatotoxicity

Dabrafenib and/or trametinib with ipilimumab (NCT01767454) Phase 1; terminated due to adverse
effects

Dabrafenib and/or trametinib with MEDI4736 (NCT02027961) Phase 1; ongoing, not recruiting

Atezolizumab and vemurafenib or vemurafenib and cobimetinib
(NCT01656642)

Phase 1b; ongoing, recruiting

Ipilimumab with or without dabrafenib, trametinib and/or nivolumab
(NCT01940809)

Phase 1; ongoing, recruiting

Pembrolizumab in combination with trametinib and dabrafenib
(NCT02130466)

Phase 2; ongoing, recruiting

Atezolizumab in combination with vemurafenib and cobimetinib
(NCT02908672)

Phase 3; ongoing, recruiting
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