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ABSTRACT
Recent developments in immunotherapy have prolonged overall survival in metastatic melanoma with
the possibility to reach a long-term benefit. Targeted therapies based on BRAF and MEK inhibition also
seem to have a long-term beneficial effect, which is more evident in patients with favorable baseline
characteristics, namely normal levels of lactate dehydrogenase, without brain metastases, and low tumor
burden. This long-term benefit of targeted therapies might be related to an immune-modulation: indeed
BRAF and MEK inhibitors affect tumor microenvironment and immune surveillance, and it has been
shown that patients with complete response to targeted treatment have a pre-existing favorable
immunologic signature.
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Introduction

Over the years, survival of patients with advanced melanoma
has improved from the median overall survival (OS) of
6 months, and the median progression-free survival (PFS) of
about 2 months reported in the metanalysis by Korn et al. in
2008.1 Notably, nowadays OS can be as long as 36 months,
with a 3-year survival rate of 58%, and a median PFS of
11.5 months.2 This important achievement in survival follows
the improvements in therapeutic strategies, mainly targeted
therapies and immune-therapy: selective inhibitors of the
mitogen-activated protein (MAP) kinase pathway and block-
ers of immune checkpoint molecules result in a major survival
benefits for patients with metastatic melanoma.3

Several new drugs have been developed and approved for
the treatment of advanced melanoma since 2011, targeting
different cellular pathways. Dabrafenib, vemurafenib, and
encorafenib inhibit BRAF; trametinib, cobimetinib, and bini-
metinib inhibit MEK; the genetically-modified oncolytic virus
talimogen laherparepvec replicates inside cancer cells causing
them to die, whereas human antibodies ipilimumab and pem-
brolizumab/nivolumab target the anti-cytotoxic T-lymphocyte
associated antigen-4 (CTLA4) and the anti-programmed cell
death protein 1 (anti-PD-1), respectively. These therapies
show a rapid onset of action and high response rate4.

The use of combination regimens is superior over mono-
therapy in BRAFV600-mutated melanoma, and contributed to
prolong OS; therefore, this approach now represents the stan-
dard of care in this setting.4–7 However, only immunotherapy
was effective in patients with wild-type disease to date.5 To
note, the ongoing development of novel combination part-
ners, new dosing regimens and intermittent schedules will
hopefully further prolong survival in the future.

At present scant evidence exists about which treatment
strategy should be attempted first, either MAP kinase inhibi-
tion or immune checkpoint blockade. Combination of BRAF
plus MEK inhibition has showed higher response rates in the
first-line setting during the initial 6 months following treat-
ment institution, whereas checkpoint inhibition is more effec-
tive in prolonging long-term survival during follow-up.3

This narrative review will discuss preclinical and clinical
evidence for immune modulation, how it can guide treatment
selection, and its relevance for clinical practice. Moreover,
future development of this strategy is presented.

Effects of BRAF and MEK inhibitors on the immune
system

Multiple evidence of the effects of BRAF inhibition on the
immune system exists. For instance, BRAF inhibition is asso-
ciated with increased CD8 + T-cell infiltrate in tumors of
patients with BRAF-mutated metastatic melanoma, as observed
byWilmott et al.8 In their study, tumor infiltration by CD4+ and
CD8+ lymphocytes increased after treatment with BRAF inhi-
bitors (both ρ = 0.015), with a good correlation between the
degree of tumor infiltration by CD8+ and granzyme
B-expressing lymphocytes in post-BRAF inhibitor-treated biop-
sies (r = 0.690 and ρ = 0.013).8 In addition, increased expression
of intra-tumor CD8+ lymphocytes correlated with reduced
tumor size and enhanced necrosis in post-treatment biopsies
(r = -0.793, ρ = 0.011; and r = 0.761, ρ = 0.004, respectively).

BRAF inhibition is also associated with increased expression
of melanoma antigens at least in the first weeks after treatment
initiation. In the study by Frederick et al., treatment with either
BRAF inhibitor alone (vemurafenib) or BRAF+MEK inhibition
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(dabrafenib+trametinib) resulted in increased expression of
melanoma antigens and increased CD8 + T-cell infiltration in
patients with BRAF V600E mutation.9 Furthermore, a decrease
in immunosuppressive cytokines like interleukin 6 (IL6) and
interleukin 8 (IL8) and an increase in markers of T-cell cyto-
toxicity were reported. Thus, BRAF inhibition alone may be
linked to a more favorable tumor microenvironment that
enhances the expression of melanoma antigens and facilitates
T-cell cytotoxicity.

In their preclinical study of syngeneic BRAF V600E-driven
melanoma in mice, SM1, Hu-Lieskovan et al. tested whether
the addition of the MEK inhibitor trametinib would enhance
the antitumor activity of combined immunotherapy with the
BRAF inhibitor dabrafenib.10 The combination of dabrafenib
and trametinib with pmel-1 adoptive cell transfer (ACT)
resulted in complete tumor regression, increased T cell infil-
tration, and improved in vivo cytotoxicity. T regulatory cells
(Tregs) and tumor-associated macrophages were increased by
dabrafenib, and decreased after the addition of trametinib. In
another animal study, Schilling et al. evaluated the efficacy of
the triple combination therapy with dabrafenib, trametinib,
and anti-programmed cell death protein 1 (PD1) in increasing
the expression of melanoma antigens and major histocompat-
ibility complex (MHC), as well as global immune-related gene
up-regulation in SM1 tumors with BRAF V600E mutation.11

Noteworthy, the amount of circulating myeloid-derived sup-
pressor cells (MDSC), which repress antitumor immunity,
declined in response to vemurafenib.

In a phase I-b dose escalation trial (NCT01656642) with the
combination atezolizumab/cobimetinib/vemurafenib in BRAF
V600 mutant melanoma (N = 30), Sullivan et al. showed an
increased tumor CD8 + T-cell accumulation after about 1month
of cobimetinib + vemurafenib treatment; this effect may result in
enhanced immunotherapy responsiveness. The unconfirmed
response rate was 83% and CD8+ lymphocytes increased, sug-
gesting an enhancement of immunity. No special safety signals
were reported.12 Another phase I, open-label study
(NCT02027961) assessed the safety and efficacy of durvalumab
in combination with dabrafenib-trametinib versus trametinib
alone in patients with stage IIIc/IV melanoma.13 Patients were
enrolled by BRAF status – mutant or wild-type – into dose
escalation cohorts, followed by a dose-expansion phase: BRAF
mutant in Cohort A (triple therapy); BRAF wild-type in Cohort
B (durvalumab+trimetinib) or Cohort C (sequential trametinib
– durvalumab). In total, 50 patients were treated. Dose-limiting
toxicities were observed in one patient in Cohort A and one in
Cohort B. Complete response (CR) or partial responses (PR)
were observed in all the 6 evaluable patients on triple therapy,
thus suggesting the activity of this combination both in BRAF-
mutant and BRAF wild-type melanoma. Overall similar results
were reported with the triple combination with dabrafenib,
trametinib and pembrolizumab, in the phase I/II KEYNOTE-
022 study (NCT02130466).14 This study enrolled 15 treatment-
naive patients with BRAFV600E/K-mutant stage III/IV mela-
noma. In total, 3 patients (20%) reported dose-limiting toxicities
and the overall response rate was 67% (1 CR and 9 PR).

Altogether, these findings support the testing of triple
combination therapy of BRAF and MEK inhibitors with
immunotherapy in BRAF-mutated melanoma. At present, a

phase III study (Trilogy, NCT02908672) is ongoing, with the
aim to evaluate whether the addition of atezolizumab to the
BRAF/MEK inhibition can further increase anti-tumor activ-
ity in BRAF-mutated disease. Further evidence is also
required on the use of BRAF and MEK inhibitors in BRAF-
wild type melanoma.15

Of note, BRAF V600E mutation downregulates the expres-
sion of interferon (IFN)-alpha-receptor-1 (IFNAR-1), and in
turn BRAF inhibition upregulates the expression of most of the
human leukocyte antigen (HLA) class I antigen-processing
machinery (APM) components, and enhances the recognition
of melanoma cells by cognate T-cells.16 A phase I study on the
triple combination vemurafenib+cobimetinib+polyethylene
glycol(PEG)-IFN (VEMUPLINT, NCT01959633) in BRAF-
mutated melanoma is ongoing, and in the future one additional
possible option for the treatment of advanced melanoma could
be to combine BRAF and MEK inhibitors with anti-CD73 and/
or adenosine A2A receptor (A2AR) receptor inhibitors.17 In
more details, CD73 metabolizes the conversion of adenosine
monophosphate (AMP) to adenosine; this latter exerts multiple
effects on immune cells and tumor microenvironment.17 BRAF
mutation may induce CD73-dependent immune suppression
in melanoma.18 Moreover, a possible association between
higher expression of CD73 and BRAF mutation has been
reported.18 Higher dosage of ipilimumab, or the addition of
ipilimumab to nivolumab, may trigger antibody-dependent cell
cytotoxicity, removing the activated Treg cells and enhancing
the action of ipilimumab as single agent or in combination with
nivolumab; at the same time, anti-PD1 agents activate T effec-
tor cells.17 Overall, it has been suggested that over-expression
of CD73 in BRAF-mutant melanoma may explain the benefits
of higher doses of ipilimumab or the combination of ipilimu-
mab and nivolumab in BRAF-mutant melanoma.

Treatment selection in BRAF-mutant melanoma

At the introduction of the new compounds for the treatment
of advanced melanoma, there was a diffuse thought that
immunotherapy would have represented the ideal front-line
therapy for patients with indolent melanoma, i.e., non-bulky,
asymptomatic, and with normal lactate dehydrogenase (LDH)
levels. On the other hand, targeted BRAF inhibition would
have been reserved to a more aggressive, bulky and sympto-
matic disease. For patients with intermediate features, both
immunotherapy and BRAF-inhibition were considered eligi-
ble with no particular preference.19 Nowadays it is known that
targeted therapy may determine long-term benefit in indolent
melanoma, whereas both target therapy and immune therapy
present limited action in the aggressive form of the disease.

A retrospective, single-institution analysis of patients dis-
playing BRAF V600 mutation revealed that sequential treat-
ment with vemurafenib or dabrafenib followed by
ipilimumab, or vice versa, is common in clinical practice.20

In this analysis, of the 34 BRAF-mutation-positive patients
evaluated, 6 patients received ipilimumab followed by a BRAF
inhibitor, whereas 28 patients were treated with a BRAF
inhibitor followed by ipilimumab. Of these latter patients, 12
(43%) rapidly progressed to death, being unable to complete
ipilimumab treatment as per protocol. The median OS in this
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subgroup of patients was 5.7 months [95% Confidence
Interval (CI) 5.0–6.3], versus 18.6 months (95% CI 3.2–41.3;
p < 0.0001) in patients who completed ipilimumab treatment.
Baseline factors associated with rapid progression were ele-
vated LDH levels, a performance status of 1, and the presence
of brain metastases. Positivity for two of these risk factors at
baseline was linked to a higher probability of rapid disease
progression (PD). This was the first time that such elements
(i.e., LDH levels and presence of brain metastases) have been
identified as predictive factors to treatment response.
Moreover, at that time we speculated that the optimal
sequence of targeted treatments in patients with BRAF-muta-
tion-positive metastatic melanoma may be determined
according to the presence of these specific risk factors.
Indeed, tumor biology appears to be the most relevant factor
contributing to the selection of the right treatment sequence:
indolent disease may be successfully treated with BRAF/MEK
inhibitors and immunotherapy, whereas a more limited action
of current options is likely in case of aggressive diseases.

The best treatment sequence with anti-PD1 monotherapy
(more common than ipilimumab monotherapy in clinical
practice) have not been studied in prospective trial to date;
only a few retrospective analysis are available on this treat-
ment sequence.21,22

At present, every decision in clinical practice about which
treatment should be started is based on the specific character-
istics of each single patient, including his/her history (i.e.,
known autoimmune disease), organs function (especially car-
diovascular system status), his/her wishes and lifestyle, his/her
mutational status, performance status, presence of brain metas-
tases, tumor burden, LDH levels and time from disease onset.

Blank et al. introduced the concept of ‘Cancer Immunogram’
as a tool to identify patients more likely to respond to
immunotherapy.23 Seven prognostic factors were included in
this immunogram: tumor foreignness, general immune status,
immune cell infiltration, absence of checkpoints, absence of
soluble inhibitors, absence of inhibitory tumor metabolism and
tumor sensitivity to immune effectors. Remarkably, some of
these items are also major predictive factors for BRAF-inhibitor
therapy: for instance, normal LDH levels (i.e., absence of inhi-
bitory tumor metabolism), immune cell infiltration, absolute
lymphocytes count (i.e., general immune status), MHC expres-
sion (i.e., tumor foreignness) and programmed death-ligand 1
(PD-L1) (i.e., absence of checkpoints).

To this respect, Massi et al. investigated whether the density
of tumor-infiltrating mononuclear cells (TIMC), or the expres-
sion of PD-L1 can predict the occurrence of resistance, thus
affecting the clinical outcome in BRAFi-treated patients.24 In
this study, 46 patients received vemurafenib and 34 dabrafenib.
Membranous expression of PD-L1 was detected in 28/80 (35%)
of patients. At multivariate analysis, the absence of tumor PD-
L1 staining [odd ratio (OR) 10.8; 95% CI 2.7–43.3; p < 0.001]
and the presence of TIMC (OR 6.5; 95% CI 1.7–24.3; p < 0.005)
were associated with a better response to treatment. Median
PFS and OS were 10 and 15 months, respectively. By multi-
variate assessment, PD-L1 expression [hazard ratio (HR) 4.3;
95% CI 2.1–8.7, p < 0.0001] and absence of TIMC (HR 2.5; 95%
CI 1.4–4.7; p < 0.002) correlated with shorter PFS. PD-L1
overexpression (HR 6.2; 95% CI 2.8–14.2; p < 0.0001) and

absence of TIMC (HR 3.1; 95% CI 1.5–6.5; p < 0.002) were
independent prognostic factors for melanoma-specific survival.

Several studies have also confirmed the importance of
predictive factors in identifying patients who may most ben-
efit from BRAF-inhibitor therapy. For instance, Ascierto et al.
reported the long-term OS and safety data of 92 patients with
histologically-confirmed stage IV BRAF V600E/K mutation+
metastatic melanoma enrolled in the BREAK-2 study who
received oral dabrafenib 150 mg twice daily until PD, death,
or unacceptable adverse events (AEs).25 Overall, 11 patients
(12%) did not experience PD, with 9 patients who continued
to receive dabrafenib. In the BRAF V600K group, median OS
was 12.9 months (95% CI, 6.9–17.1), with 4 patients (25%)
alive beyond 18.8 months (third quartile OS; 95% CI, 12.9-not
reached). In the BRAF V600E group, median OS was
13.1 months (95% CI, 10.4–21.9), with 21 patients (28%)
alive beyond 30 months (third quartile OS, not reached). To
note, all these patients had normal LDH levels. These findings
were recently confirmed by Chapman et al.,26 according to the
results of the 5-year follow-up of the BREAK-2 and BREAK-3
trials. In the BREAK-2 study, 5-year PFS was 11% in patients
with V600E mutations, whereas all patients with V600K
mutations had died or were censored before the 5-year land-
mark. Conversely, in the BREAK-3 study, 5-year PFS was 12%
in the dabrafenib arm, with all patients in the dacarbazine arm
showing PD or being censored before the 5-year landmark.
The median follow-up for the 6 patients in the dabrafenib arm
who remained progression-free at 5 years was 62.1 months
(95% CI, 61.6–62.2); median PFS for crossover patients fol-
lowing initiation of crossover dabrafenib treatment was
4.3 months (95% CI, 4.1–6.1). Five-year OS was 20% and
13% in BREAK-2 trial patients with V600E and V600K muta-
tions, respectively, as compared with 5-year OS of 24% in the
dabrafenib arm and 22% in the dacarbazine arm in the
BREAK-3 study. To note, an apparent plateau effect with
dabrafenib for both PFS and OS was reported after 36 months;
additionally, longer PFS was evident in patients with lower/
normal LDH levels.

Recently, Long et al. published the 5-year pooled analysis of
data from the phase II BRF113220 study part C.27 They reported
a 5-year PFS rate of 13% in patients with BRAF-mutant mela-
noma treated with the combination dabrafenib-trametinib, ver-
sus 3% in patients treated with dabrafenib monotherapy. OS
was approximately 30% with the combined therapy versus 21%
with dabrafenib only. The Authors underline that patients with
more favorable characteristics at baseline (e.g., lower LDH levels
and fewer metastatic sites) showed improved PFS and OS. For
instance, they found a rate of PFS of 23% in the combined
treatment arm in patients with normal LHD serum levels,
compared with 6% in the monotherapy arm. Rates of 45–48%
OS were reported in the combination arm, versus 26–31% in the
monotherapy arm in the subgroup of patients with normal LDH
levels. Similar results were obtained in the subgroups of patients
with a lower number of metastatic sites, with PFS rates of 25%
in the combination arm versus 8% in monotherapy arm, and OS
rates of 57% and 42% respectively.23 Moreover, the investigators
also reported on adverse effects, stating that they were more
common in the combined regimen as it may easily be
understood.
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Of note, also the 3-year analysis of the Combi-v study
confirmed the improved outcomes with the dabrafenib/tra-
metinib combination also over vemurafenib monotherapy,
despite crossover (3-year OS, 45% vs 31%; 3-year PFS, 24%
vs 10%).28 Again, durable benefits were observed particularly
in patients with normal baseline LDH (3-year OS, 56%; 3-year
PFS, 33%) and normal LDH with less than three metastatic
organs (3-year OS, 70%; 3-year PFS, 39%). Remarkably, 36 of
68 patients (53%) showing CR on dabrafenib+trametinib were
maintaining response at the time of the analysis, as compared
with only 21/41 patients (51%) showing CR with vemurafenib
monotherapy. Noteworthy, patients with favorable baseline
characteristics, such as LDH levels within normality range,
less than three metastatic sites, and M0, M1a, M1b status were
more likely to obtain a CR.

Yan et al. compared the baseline genomic features of
tumors showing CR vs PD in patients treated with cobimeti-
nib plus vemurafenib or vemurafenib alone.29 Genomic ana-
lysis were carried out with whole exome sequencing (WES) on
baseline melanoma samples from 52 patients with CR and 78
patients with PD, following treatment with cobimetinib com-
bined with vemurafenib or vemurafenib alone. The overall
mutational load was not different between groups; however,
samples from patients with PD showed higher rates of mela-
nogenesis associated transcription factor (MITF) amplifica-
tion and tumor protein 53 (TP53) mutation (18% and 19%,
respectively) than patients with CR (4% and 5%, respectively).
Thus, the genomic differences disclosed between melanomas
of patients with CR vs patients with PD treated with either the
combination of BRAF and MEK inhibitors or with the BRAF
inhibitor alone may be responsible for the over-represented
adaptive and innate immune responses, e.g. gene signatures of
CD8 + T effector cells, cytolytic T-cells, antigen presentation
and natural killer (NK) cells, that are all enriched in CR
tumors. Authors also concluded that melanomas of patients
with PD over-represented “keratin” molecular subtype mela-
noma, which is associated with poor prognosis.29

Noteworthy, an immune signature characterized by gene
expression profiling identified two patient subgroups with
distinct PFS outcomes, one defined by high baseline expres-
sion of genes associated with cell cycle progression and the
other characterized by high baseline expression of immune
regulatory genes.30 Among vemurafenib-treated patients, the
cell cycle signature was associated with shortened PFS com-
pared with the immune signature. The adverse impact of the
cell cycle signature on PFS was not observed in patients
treated with cobimetinib combined with vemurafenib. The
subgroup with normal baseline LDH and immune signature
showed the longest median PFS (9.0 months, CI 95% 7.5–13.9;
1-year PFS rate 43.2%).

Relevance for clinical practice

Targeted therapy is associated with long term benefit, as
demonstrated by the increased OS rates reported in phase
III trials:26,27,31,32 in this scenario, several new molecules
have been developed. However, we already questioned
whether OS should be considered the main endpoint of such
trials, when several new treatment possibilities are in early

phase-development and fewer patients are available for large
trials.4 In our opinion, PFS should be taken into account more
than OS, as the latter may be influenced by immunotherapy
administered in the post-progression phase.4 Noteworthy,
even in this case some baseline patients’ characteristics may
identify those subjects who will show longer OS: again, these
factors are normal LDH levels, low tumor burden, absence of
brain metastases, and complete response to therapy, all fea-
tures that usually pertain to indolent melanoma.

Moreover, it is important to underline that patients with a
CR are also those who show a pre-existing immunologic sig-
nature, which in turn may be responsible for the long term
benefit. The possibility to stop treatment in these patients is still
debated. In a recent case series, Carlino et al. identified 12
patients treated with BRAF/MEK inhibitors who reached CR
and stopped treatment before progression.33 Median follow-up
was 16 months. Six patients (50%) recurred at a median of
6.6 months after the end of treatment. One patient died after
recurrence. Baseline characteristics and time to CR or to dis-
continuation did not influence the rate of relapse. In line with
previous evidence, immunologic mechanisms might have
played a role in patients without recurrence.34 However, half
of the patients achieving CR recurred at some stages of the
follow-up, and thus it is not advisable to stop treatment even in
patients who reach CR.

Recently, Long et al. assessed the efficacy of dabrafenib/
trametinib combination in patients with BRAF V600E/V600K
mutations and stage III melanoma in the COMBI-AD trial.35

Importantly, the combination of dabrafenib plus trametinib
was shown to be effective also in the adjuvant setting: a lower
risk of recurrence was achieved, without excessive increase in
the rate of adverse events. In this study, a high efficacy of
dabrafenib/trametinib combination was reported in terms of
relapse free survival (HR 0.47, p < 0.001), distant metastases
free survival (HR 0.51, p < 0.001) and OS (HR 0.57, p = 0.0006)
versus placebo. This effect was not so obvious, since the adju-
vant setting relates to minimal residual disease, thus suggesting
possible immune-related effects of target therapy.

Indeed, Amaria et al. presented their prospective neoadju-
vant study in BRAF-mutant patients with resectable stage IIIB/
C or oligometastatic stage IV melanoma. They aimed to inves-
tigate whether neoadjuvant treatment associated with adjuvant
dabrafenib/trametinib improves PFS.36,37 After enrolling 21 of
the expected 84 patients, an interim analysis revealed significant
improvement in PFS in the dabrafenib+trametinib arm as com-
pared to the standard-of-care arm (HR 0.016; p < 0.0001).
Enrollment was thus terminated. Achievement of pathological
complete response (pCR) following neoadjuvant therapy was
reported in 7 out of the 13 evaluable patients with dabrafenib/
trametinib combination, and this event predicted improved
distant metastasis free survival. Transcription profiling of base-
line tumor samples showed the high upregulation of cytotoxic
CD8 + T cell genes in patients reaching pCR, not observed in
non-pCR patients. Moreover, tumor profiling revealed incom-
plete MAPK pathway blockade and higher levels of CD8 + T
cells expressing negative immunomodulators Tim-3 and Lag-3
in patients not achieving pCR. Thus, the Authors suggested that
pCR and tumor analysis may reveal the ideal candidate for
future targeted therapies.

e1468955-4 P. A. ASCIERTO AND R. DUMMER



We can speculate that this immune-modulating effect may
also depend on the adjuvant setting in which the Combi-AD
trial was performed. Moreover, additional information
regarding the effectiveness and efficacy of combining target
therapy and immune-therapy for the treatment of melanoma
will come from the ongoing trials Trilogy, Combi-I
(NCT02967692) and Keynote 022 (NCT02130466).

Conclusion

Several drugs targeting either BRAF or MEK pathways are
currently available, to be administered both as monotherapy
and within combination regimens. Moreover, ongoing trials
may add important information on the efficacy and safety
profile of these drugs.38

Figure 1. ‘Easy’ and ‘difficult’ patients. The ‘easy’ patients present some characteristics (e.g., no brain metastasis, low tumor burden, normal LDH) that result in active
immune surveillance against cancer cells. Such immune surveillance may be pre-existing and responsible for reaching complete response. On the other hand,
immune surveillance is impaired in difficult patients, who commonly present brain metastasis, high tumor burden, and high LDH.

Figure 2. Effects of BRAF-MEK inhibition on melanoma cells and tumor microenvironment. Therapy with BRAF and MEK inhibitors induces profound changes in
antigen display, and expression of MHC, IFNAR, and CD73 on tumor cells. These changes are also evident on tumor microenvironment: namely they result in
reduction of adenosine, diminished Treg and MDSC presence, and increased activity of CD4-CD8+ lymphocytes.
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Of note, baseline patients’ characteristics like LDH levels
and tumor burden may influence response to treatment,
either with BRAF-inhibitors or with MEK-inhibitors, given
also their effects on immune surveillance (Figure 1). In turn,
BRAF-MEK inhibition does have a major role on tumor
microenvironment, as it markedly affects antigen display
and therefore immune response (Figure 2).

Baseline patient’s characteristics may be useful both for
patients’ selection and for establishing which treatment
should be administered first, either target therapy or immune
therapy. Noteworthy, it is important to underline that patients
with complete response to treatment show a pre-existing
immunologic signature, predisposing to immune activation
while resistance or lack of pCR may involve suppressor/
exhausted CD8. This mechanism may be account for the
major results observed in the adjuvant setting.

Based on the current knowledge, it is advisable to continue
treatment even in cases of CR. Importantly, the combination
of BRAF and MEK inhibition was effective also in the adju-
vant and neoadjuvant settings: further evidence regarding
these therapies and newer possibilities are still to come.

In the future, triple combination with anti-PD-1/PD-L1, or
sequencing study with target and immune therapy may give us
further indications. Moreover, the emerging role of the adenosine
pathway17,18 or the specific targeting of AXL on dedifferentiated
melanoma cells39 may be among the future news in this field.
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