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Introduction

Abstract

Immune and BRAF-targeted therapies have changed the therapeutic scenario of
advanced melanoma, turning the clinical decision-making a challenging task.
This Bayesian network meta-analysis assesses the role of immunotherapies and
targeted therapies for advanced melanoma. We retrieved randomized controlled
trials testing immune, BRAF- or MEK-targeted therapies for advanced melanoma
from electronic databases. A Bayesian network model compared therapies using
hazard ratio (HR) for overall survival (OS), progression-free survival (PFS), and
odds ratio (OR) for response rate (RR), along with 95% credible intervals (95%
Crl), and probabilities of drugs outperforming others. We assessed the impact
of PD-L1 expression on immunotherapy efficacy. Sixteen studies evaluating eight
therapies in 6849 patients were analyzed. For OS, BRAF-MEK combination and
PD-1 single agent ranked similarly and outperformed all other treatments. For
PFS, BRAF-MEK combination surpassed all other options, including CTLA-4-
PD-1 dual blockade hazard ratio (HR: 0.56; 95% Crl: 0.33-0.97; probability
better 96.2%), whereas BRAF single agent ranked close to CTLA-4-PD-1 blockade.
For RR, BRAF-MEK combination was superior to all treatments including CTLA-
4-PD-1 (OR: 2.78; 1.18-6.30; probability better 97.1%). No OS data were avail-
able for CTLA-4-PD-1 blockade at the time of systematic review, although PFS
and RR results suggested that this combination could also bring meaningful
benefit. PD-L1 expression, as presently defined, failed to inform patient selection
to PD-1-based immunotherapy. BRAF-MEK combination seemed an optimal
therapy for BRAF-mutated patients, whereas PD-1 inhibitors seemed optimal
for BRAF wild-type patients. Longer follow-up is needed to ascertain the role
of CTLA-4-PD-1 blockade. Immunotherapy biomarkers remain as an unmet
need.

worthwhile. A sizeable number of trials have shown that

Recent groundbreaking discoveries in tumor biology and
immune surveillance have yielded effective molecularly
targeted therapies and immune agents, changing the sce-
nario from one of poor responses and short survival to
a completely new reality of high response rates, prolonged
disease control, and the possibility of talking of a cure
for some patients [1-5]. Blocking the BRAF-MEK path-
way—commonly hyperactive in melanoma-has proved

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

BRAF inhibitors (BRAFi) and MEK inhibitors (MEKi)
improve clinical outcomes when compared to chemo-
therapy [6-12]. The role of the immune system in con-
trolling melanoma is well established and immune
checkpoint inhibitors have shown promise in reinvigorating
the immune system, successfully showcasing the enormous
potential of drugs that manipulate immune surveillance
for the first time in oncology [13-17].
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These positive results have opened new avenues in the
treatment of melanoma patients and, as expected, added
layers of complexity to management of patients with
advanced disease. A number of studies have compared
competing treatments to one another, but an overall
ranking of possible interventions is lacking. The number
of options has grown markedly and defining the best
therapeutic plan for a particular patient is now a for-
midable task. This Bayesian network meta-analysis of
randomized controlled trials aims to establish relative
efficacy of immunotherapy, molecularly targeted therapies,
and chemotherapy, either alone or in combination, in
patients with advanced or metastatic melanoma with a
view to support and improve the therapeutic decision-
making process.

Patients and Methods

Search strategy

We searched PubMed, Embase, Clinicaltrials.gov, Cochrane
Central Register of Controlled Trials, World Health
Organization International Trial Registry, drugs at FDA,
and Society of Melanoma Research, ASCO, ESMO, and
ECCO meetings using a combination of broad terms related
to melanoma and drug therapy, namely melan*, random*,
immunotherapy, BRAF*, MEK*, and chemotherapy (full
list of terms in appendix). References in recovered studies
and relevant reviews were also screened. Databases were
searched from their inception until December 21st 2015.
No language restrictions were applied. We followed a pre-
defined protocol (PROSPERO number CRD42016038618)
in accordance with the PRISMA guideline for network
meta-analysis.

Study selection

Two reviewers independently searched databases (JL, GL)
and assessed eligibility of studies based on abstracts and
full texts, resolving disagreements by consensus. Eligible
studies were (1) randomized controlled trials enrolling
patients with metastatic or advanced melanoma and
describing outcomes of interest, (2) randomized patients
to chemotherapy, targeted therapy against the BRAF/MEK
axis or immunotherapy (not vaccine, viral therapy or
biochemotherapy), and (3) BRAF and/or MEK inhibitor
trial restricted inclusion to patients known to harbor BRAF
mutations. Second-line BRAF-MEK inhibitor studies were
eligible if the first-line therapy had not been BRAF-targeted
therapy. Studies with insufficient follow-up (<6 months)
or comparing different chemotherapy regimens were
excluded. In the case of duplicated publication on the
same study, the most up-to-date data were used. We
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acknowledged that inclusion criterion (4) would exclude
NRAS-mutated patients.

Data extraction

Two authors (MG, BH) independently retrieved data from
randomized controlled trial (RCT) full publications and
relevant appendices, guided by an extraction form (Data
S1). Disagreements were resolved by consensus.

Outcomes of interest

Hazard ratios for overall survival (OS) and progression-
free survival (PFS), and odds ratios for response rate (RR),
were collected or calculated for all included RCTs. We
abstracted data from original intention-to-treat multivariate
analysis whenever possible; thus, avoiding those derived
from landmark analysis or solely based on median com-
parisons. We adhered to the definition of progression
and the criteria used by each trial [18].

Data synthesis and statistical analysis

Network meta-analysis was performed in a hierarchical
Bayesian random-effects model, with relative efficacy meas-
ures, hazard and odds ratios, analyzed on the log-scale
and random effects for study. The network framework
allows for synthesizing direct and indirect evidence into
a single effect size. Indirect comparisons can be obtained
from estimates of trials with common arms. Samples from
the posterior distribution of the parameters were generated
via Markov Chain Monte Carlo implemented through JAGS
within R (http://mcmc-jags.sourceforge.net/). Detailed
description of the Bayesian meta-analysis model is provided
in (Data SI).

We calculated posterior mean hazard and odds ratios
for relative efficacy of each therapy, along with 95% cred-
ible intervals, 95% predictive intervals, and probabilities
of each treatment being better (probability better) than
a reference. Therapies which achieved the combined bench-
marks (1) overall survival (OS) posterior mean HR < 0.8
with probability better > 80% as compared to chemo-
therapy, (2) PFS posterior mean HR < 0.6 with probability
better than chemotherapy > 90%, and (3) response rate
(RR) posterior mean OR > 3.0 with probability better
than chemotherapy > 95% were deemed to have a mean-
ingful benefit as compared to chemotherapy [19].

We tested the hypothesis that BRAF mutation status
alters relative efficacy of immunotherapy. Interactions
between BRAF mutation status and relative efficacies were
incorporated in the model. We also tested the hypothesis
that PD-L1 expression affects relative efficacy of immu-
notherapies CTLA-4-PD-1 dual blockage, PD-1 blockage

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.


http://mcmc-jags.sourceforge.net/

J. P. da Silveira Nogueira Lima et al.

and CTLA-4 blockage. We adhered to the trial definition
of PD-L1 positivity.

Study-to-study heterogeneity was summarized using
predictive intervals, which provide an interval in which
the relevant comparative efficacy measure would be
expected to fall for a new study. Ranking and probabilities
were calculated based on predicted relative effects drawn
from the posterior. Quality of studies was assessed via
Cochrane Collaboration’s tool for assessing risk of bias
in randomized trials [20]. Publication bias was graphically
assessed via funnel plot.

Results

Systematic review and qualitative analysis

A total of 1750 published or presented titles and abstracts
were screened. After duplicated review and discussion, 18
trials on 10 types of therapy, comprising 7596 patients,
had their data extracted. All trials were multicentric and
reported in English. A sizeable number of trials used
chemotherapy (dacarbazine, paclitaxel or temozolomide)
as control arm. Trials assessing BRAF-MEK dual blockade
used BRAFi as control arm and restricted enrollment to
patients harboring BRAF mutations. When dealing with
trials comparing MEK-chemotherapy versus chemotherapy,
we restricted the data to BRAF-mutated patients. No trial
performed a head-to-head comparison of immunotherapy
versus BRAFi. The majority of excluded randomized trials
failed to wuse BRAFi or immunotherapy as
comparator.

Two trials have been omitted from the main analysis
as they have not produced relevant data; one comparing
dacarbazine to dacarbazine and ipilimumab and other
comparing ipilimumab to ipilimumab and sargramostim
(available upon request) [16, 21]. Hence, the main analysis
gathered data from 16 trials with eight therapeutic nodes
and 6849 patients [6-8, 10, 13-15, 22-36].

All included evidence was intention-to-treat, based on
standard analyses, from studies with low risk of bias,
according to the Cochrane risk of bias tool (Fig. S1). No
sign of publication bias was found using the funnel plot
(Fig. S2). The schematic flowchart of systematic review
is presented online (Fig. S3). Table 1 summarizes the
trials included in the main analyses.

active

Quantitative analysis

The 16 trials were grouped across eight therapeutic nodes
(6849 patients) according to type of therapy: chemotherapy,
CTLA-4 blockade (CTLA-4i), PD-1 blockade (PD-1i), BRAF
inhibitors (BRAFi), MEK inhibitors (MEKi), dual BRAF-
MEK inhibitors (BRAFi-MEKi), chemotherapy-MEKi, and
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dual CTLA-4-PD-1 inhibitors (CTLA-4i-PD-1i). Figure S4
describes the network design of treatments’ comparison.
All standard chemotherapies (paclitaxel, temozolomide,
dacarbazine) were gathered into a single therapeutic node
(chemotherapy), with analogous collapse for PD-1 drugs
(nivolumab and pembrolizumab). BRAFi or MEKi results
are restricted to BRAF-mutated patients across all com-
parisons. Not all trials described all outcomes (Table 1).

Efficacy

Three therapies achieved meaningful benefit compared to
chemotherapy: PD-1 blockade, BRAFi-MEKi combination,
and BRAFi. As evidenced by comparing the prediction
and confidence intervals for OS, PFS, and RR, study-to-
study heterogeneity was present, but broadly had little
impact on posterior ranking of treatments.

Overall survival

OS data were available for 12 (of 16) studies including
4817 patients. The results based on traditional pairwise
meta-analysis and Bayesian network meta-analysis were
aligned with no identifiable signal of inconsistency between
indirect and direct approaches. Three therapies improved
OS when compared to chemotherapy, BRAFi-MEKi com-
bination (HR: 0.50; 95% Crl: 0.34-0.74; 95% Prl: 0.31—
0.82), PD-1i (HR: 0.52; 95% Crl: 0.36-0.75; 95% Prl:
0.32-0.83), and BRAFi (HR: 0.71; 95% Crl: 0.51-0.97;
95% Prl: 0.46-1.09). PD-1i and BRAFi-MEKi performed
similarly (HR: 1.03; 95% Crl: 0.60—1.76; 95% Prl: 0.56—1.90)
with probability of BRAFi-MEKi being superior to PD-1i
of 55.8%. Both BRAFi-MEKi and PD-1i had high posterior
probability of outperforming all competitors. Full com-
parative OS results are provided in Figure 1. Given high
probabilities of outperforming competitor therapies, for
PFS and RR, BRAFi-MEKi combination may be optimal
for BRAF-mutated patients, whereas PD-1i may be optimal
for BRAF wild-type patients or selected BRAF-mutated
patients.

Despite the lack of OS data for CTLA-4i-PD-1i com-
bination at the time of systematic review, PFS and RR
data were suggestive that CTLA-4i-PD-1i could also achieve
meaningful benefit and consequently be a top-ranking
option irrespective to BRAF status (see below) [14, 27].

Progression-free survival

Fifteen trials contributed to the PFS analysis. Worthy of
note, the trial comparing tremelimumab (CTLA-4i) to
chemotherapy provided 6-month time-restricted PFS data
with tumor assessments done at different time points,
every 6 weeks in the dacarbazine arm and every 12 weeks
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Overall survival
| Treatment hazard ratio HR  95%Crl 95% Prl P (better)
Compared to chemotherapy (BRAF +/BRAF —)
BRAFi+MEKi inhibitors (BRAF +) - 050 034-074 031-082 989%
PD-1 blocking (BRAF +/BRAF —) - 052 036-075 032-083 99.2%
BRAFi inhibitor (BRAF +) - 071 051-097 046-109 946%
CTLA-4 blocking (BRAF +/BRAF —) E 2 087 084-117 057-132 B0.1%
MEKi inhibitor (BRAF +) - 087 054-141 049-153 696%
MEKi inhibil (BRAF +) e 0983 053-164 049-177 59.1%
L O A, L A,
Compared to BRAFi+MEKi inhibitors (BRAF +)
PD-1 blocking (BRAF +/BRAF —) i 103 060-176 056—190 444%
BRAFi inhibitor (BRAF +) el 140 112-175 097-202 41%
CTLA-4 blocking (BRAF +/BRAF —) —— 172 1.06-281 097-3.05 37%
MEKi inhibitor (BRAF +) — 173 093-320 087-342 57%
MEKi inhibitor+chemotherapy (BRAF +) —— 185 093-368 088-391 51%
Chematherapy (BRAF +/BRAF —) el 198 292-135 322-122 1.1%
1.0
Compared to BRAFi inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) - 071 057-089 048-103 959%
PD-1 blocking (BRAF +/BRAF —) L 0.74 045-120 041-131 88%
CTLA-4 blocking (BRAF +/BRAF —) —— 123 079-191 073-208 179%
MEKi inhibitor (BRAF +) A 123 069-220 064-236 253%
MEKi inhibitor+chemotherapy (BRAF +) —— 132 069-254 064-270 209%
Chemotherapy (BRAF +/BRAF —) = _mal 142 195-103 219-092 54%
I S e — —
Compared to CTLA-4 blocking (BRAF +/BRAF —)
BRAFi+MEKi inhibitors (BRAF +) L ol 058 036-0895 033-103 96.3%
PD-1 blocking (BRAF +/BRAF —) - 060 044-082 039-092 984%
BRAFi inhibitor (BRAF +) o 081 052-126 048-—138 821%
MEKi inhibitor (BRAF +) i 100 057-177 053-190 504%
MEKi inhibitor+chemotherapy (BRAF +) —— 107 057-203 053-217 41.7%
Chemotherapy (BRAF +BRAF —) o 115 155-085 1.75—0.76 19.9%
{ P O U T N W |
01 2 3 4 6 86

Reference >
better

——  95% credible interval
—  95% predictive interval
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Overall survival

Treatment FArard catics HR  95%Crl 95% Prl P (better)

Compared to MEKi inhibitor+ chematherapy (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) L = 054 027-107 026-114 94.9%
PD-1 blocking (BRAF +/BRAF —) - 056 0.26-109 0.27-1.17 94.5%
BRAFi inhibitor (BRAF +) - 076 0.39-145 037-155 79.1%
CTLA-4 blocking (BRAF +/BRAF —) —— 093 049-176 046-188 583%
MEK:i inhibitor (BRAF +) il 093 044-196 042-208 57.1%
Chemotherapy (BRAF +/BRAF —) . 107 1.89-061 2.03-057 40.9%

T T T T

Compared to MEKi inhibitor (BRAF +)
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Figure 1. Overall survival network meta-analysis. HR, hazard ratio; Crl, credible interval; Prl, Predictive interval; BRAF + BRAF-mutated patients; BRAF-:

BRAF wild-type patients.

in the tremelimumab arm [31]. This study was not included
in the PFS analysis.

Four therapies clearly stood better than chemotherapy:
BRAFi-MEKi (HR: 0.22; 95% Crl: 0.16-0.31; 95% Prl:
0.14-0.34), CTLA-4i-PD-1i (HR: 0.39; 95% Crl: 0.25-0.6;
95% Prl: 0.23-0.66), BRAFi (HR: 0.39; 95% Crl: 0.29-0.52;
95% Prl: 0.26-0.59), and PD-1i (HR: 0.5; 95% CrI: 0.4-0.64;
95% Prl: 0.34-0.73). Single agent PD-1i and dual CTLA-
4i-PD-1i, both outperformed CTLA-4i with corresponding
posterior probability of 99.5% (HR: 0.53; Crl: 0.42-0.68)
and 99.9% (HR: 0.42; Crl: 0.3-0.57). CTLA-4i had similar
performance to chemotherapy (HR: 0.94; Crl: 0.67-1.31).

Dual BRAFi-MEKi vyielded the best PES results with a
96.2% posterior probability of outranking the remaining
options, even when compared to CTLA-4i-PD-1i (HR:
0.56; Crl: 0.33-0.97). CTLA-4i-PD-1i and BRAFi stood
close as next options (CTLA-4i-PD-1i vs. BRAFi HR: 1.00;
95% Crl: 0.6-1.67), both probably above single agent
PD-1i. Full comparative PFS results are provided in
Figure 2.

Response rate

RR data were available for all studies. Bearing in mind
that response under CTLA-4i can be a late event, we
included the tremelimumab versus chemotherapy trial in
this analysis. Four therapies led to meaningful benefit
(OR > 3.0 and probability better > 95% vs. chemotherapy):
BRAFi-MEKi (HR: 19.76; 95% Crl: 10.45-37.35; 95% Prl:
9.19-42.52), BRAFi (HR: 10.78; 95% Crl: 6.24-18.63; 95%
Prl: 5.4-21.48), CTLA-4i-PD-1i (HR: 7.25; 95% Crl:
4.09-12.86; 95% Prl: 3.57-14.7), and PD-1i (HR: 4.32;
95% Crl: 3.07-6.09; 95% Prl: 2.52-7.45). Full comparative
RR results are presented in Figure 3.
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Dual BRAFi-MEKi therapy topped best with at least
97.1% posterior probability of being superior to any other
treatment: CTLA-4i-PD-1i (OR: 2.73; Crl: 1.18-6.3),
CTLA-4i (OR: 17.2; CrL: 8.31-35.58), PD-1i (OR: 4.57;
Crl: 2.24-9.31), MEKi (OR: 8.56; Crl: 3.32-22.04), and
BRAFi (OR: 1.83; Crl: 1.37-2.45). For BRAF-mutated
patients, the second best option was BRAFi. CTLA-4i-
PD-1i dual checkpoint blockade had a 94.3% posterior
probability of being superior to single agent PD-1i (OR:
1.68; 95% Crl: 0.99-2.84).

PD-L1 expression and BRAF mutational status as bio-
markers of response to immunotherapy.

The Bayesian network meta-analysis failed to identify
any relevant impact of BRAF mutation status on efficacy
of immunotherapy treatments for OS, PFS, or RR in all
subsets sought. The hazard ratios, 95% credible and pre-
dictive intervals of BRAF-mutated and wild-type patients
were superimposable, which negates any role of BRAF
status as a predictor of benefit of immunotherapy
(Appendix S1).

Two immunotherapy trials provided information on
outcomes according to PD-L1 status [14, 27]. As the
definitions of positive and negative tumor PD-L1 expres-
sion as well as the laboratory methods used to ascertain
them were not homogenous across the two PD-1 trials
(Nivolumab: at least 5% of tumor cells with PD-L1 at
any intensity at the membrane; Pembrolizumab: >1%
tumor cells with membranous PD-L1 expression), we
accepted the trials’ original cutoffs.

For both PFS and RR, the Bayesian network meta-
analysis failed to show any relevant impact of PD-L1 status
on efficacy of CTLA-4i-PD-1i, PD-1i, or CTLA-4i. The
hazard ratios and 95% Crls of PD-L1 positive and PD-L1
negative patients overlapped, failing to identify any

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Figure 2. Progression-free survival network meta-analysis. HR, hazard ratio; Crl, credible interval; Prl, Predictive interval; BRAF+BRAF-mutated patients;

BRAF- BRAF wild-type patients.

difference according to PD-L1 status (Appendix S2). The
posterior probability that PD-L1 positive patients had
better efficacy under CTLA-4i-PD-1i, PD-1i, or CTLA-4i,
(probability PD-L1+ better) was from 44% to 56% for
PFES, and 62% to 83% for RR.

Discussion

This meta-analysis synthesizes the wealth of information
on immunotherapy and BRAFi/MEKi for advanced mela-
noma, producing a ranking of the drugs currently avail-
able. The network approach attempts to circumvent the
absence of direct comparisons among the many available
options, notably the comparison of immunotherapy to
BRAF-MEK inhibition and among immunotherapies. The
present meta-analysis suggests that dual BRAFi-MEKi is
the most effective in improving OS, PFS, and RR of
BRAF-mutated patients, other
treatments.

outperforming

Among the BRAF-MEK axis inhibition options, single-
agent BRAFi ranked below BRAFi-MEKi combination, but
could still offer higher benefits than single MEKi. These
findings may prompt inquiry into how to manage dose
reduction of MEKi and BRAFi in the event of toxicities
likely to be caused by both drugs. However, clinically
relevant this question is, it is beyond the scope of our
study to provide such practical guidance.

Appraising the PFS and RR scenarios, it was conceiv-
able that BRAFi-MEKi would dominate them, as BRAF-
MEK inhibition was already known to produce frequent
and rapid responses, whereas immunotherapy may take
longer to produce sustained tumor shrinkage and even

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

lead to unconventional response patterns not properly
captured by the standard response assessments [18, 37,
38]. CTLA-4i epitomized the immune response pattern:
failed to improve PFS and RR when compared to chemo-
therapy, but prolonged OS, as the original trials suggested
[16, 31]. Our findings underscore the perception that,
standard PFS assessment may not be the best way to
capture  anti-tumor activity of immunotherapy.
Nevertheless, it is noteworthy that dual BRAFi-MEKi also
stood as the best option with regard to OS, even when
compared to single-agent PD-1i.

Notwithstanding the BRAF-MEK inhibition dominance,
PD-1 blockade still ranked high in terms of OS, PFS,
and RR. Hence, PD-1i may be an attractive option for
BRAF wild-type patients and even for BRAF-mutated
patients, as it ranked in second to BRAFi-MEKi. OS results
for combined CTLA-4-PD-1 immune checkpoint inhibi-
tion are not yet mature and longer follow-up may change
the order of top-ranked therapies. Some very recent results
have started to become available with promising long-term
survivorship with dual immune checkpoint blockade [39].
Those findings seem to embody the preliminary reports
of prolonged disease control under immunotherapy [5].

We could not confirm the role of PD-L1 as a biomarker
of response to PD-li-based therapy. As currently tested,
tumor PD-L1 expression did not better inform the patient
selection for PD-1-based therapy, both PD-L1 positive
and negative patients derived substantial benefit from PD-
1-based therapy. This finding somewhat diverged from
the realms of other tumors, showcasing the particular
features of immune response within each tumor type [40].
Also, our results failed to show any impact of BRAF status
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Figure 3. Response rate network meta-analysis. HR, hazard ratio; Crl, credible interval; Prl, Predictive interval, BRAF+BRAF-mutated patients; BRAF-

:BRAF wild-type patients.

on response to PD-1 therapy, confirming previous find-
ings [41].

Several issues may be implicated on the lack of sur-
rogacy of PD-L1 expression. The simplest one would be
statistical power constrained by a small sample size. This
indeed could have played a role, however, more than 800
patients—evenly divided between PD-L1 positive and nega-
tive—provided data for this analysis. Another possibility
would be the use of inadequate cutoffs. To properly assess
this, individual patient data would be required. However,
even if such data were available, the different antibodies
and techniques would require careful consideration.
Harmonization of laboratory methods should be enacted
first, as is already occurring in lung cancer with the dif-
ferent PD-1/PD-L1 agents.

Lastly, baseline PD-L1 expression at a single tumor site
may not be capable of fully capturing the complexity of
anti-PD-1-led orchestration of immune system dynamics.
It is conceivable that resetting a whole system—in the
case of immune system—might be multilayered and con-
tinuously changing.

The quest for excellent patient selection is key. Better
patient selection transcends optimizing clinical outcomes.
It can improve financial resource allocation, a real-world
hurdle to be crossed when new technologies are under
consideration. Furthermore, identifying the most likely
patients for immunotherapy will spare the nonresponders
from fairly toxic therapies. The results of cooperative work
on other tumors may enhance our understanding on this
important topic [42-46].

Given the number of therapeutic options currently
available for advanced melanoma, the sequencing of drugs
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is another crucial question. The wealth of information
organized by this meta-analysis may shed light on the
long-term therapeutic plan for melanoma patients. These
nuances of clinical management are yet to be defined.
However, we believe that clinicians will now be better
informed for the decision-making process. Definitive results
on sequencing of the various therapeutic options will add
to the knowledge base [47, 48].

A major clinical concern is the effectiveness of immu-
notherapy after progressing under previous BRAF-MEK
treatment. Two immunotherapy trials enrolled patients who
had progressed while on BRAF-targeted therapy [13, 32].
No sign of loss of efficacy was identified with the use of
PD-1 drug among this group of patients as compared to
BRAF therapy-naive patients. Such findings must be further
validated and the opposite drug order also appraised, the
latter being the question of active trials [48].

This meta-analysis faced several shortcomings inherent
to the methodology applied. We had no access to indi-
vidual patient data, precluding a more detailed appraisal
of outcomes and patients’ characteristics. This is especially
true for assessment of the role of PD-L1 expression, vol-
ume of disease, and presence of other known prognostic
markers [49, 50]. We concentrated on efficacy foregoing
analysis of toxicity, another major practical concern on
clinical grounds. The different cutoffs used for defining
PD-L1 status hindered a more robust analysis of its rel-
evance. The absence of overall survival data for CTLA-
4-PD-1 trials is a major shortcoming and hopefully more
data will become available in the near future [39]. Also,
for the sake of simplicity, we analyzed all drugs in the

same therapeutic node as identical (for instance

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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tremelimumab and ipilimumab as CTLA-4i prototypes).
Furthermore, the duration of response could not be for-
mally assessed as the original trials lacked enough infor-
mation for a comprehensive appraisal.

Another concern was the publication and trial quality
biases. We sought the most relevant databases in order
to collect all published and presented trials so far, checked
their references and references from relevant reviews and
followed Cochrane’s guidelines on the topic. Also, we
preplanned the inclusion of BRAFi or immunotherapy
trials in order to concentrate on the most promising
therapies; hence, some randomized trials testing other
targeted therapies, such as sorafenib, oblimersen, or
endothelin inhibitors were not meta-analyzed. Trials enroll-
ing personalized therapy to other targets, such as NRAS-
mutant tumor, were not included [51]. With regard to
the quality of trials included, nearly all trials were ascribed
as high quality according to the Cochrane risk of bias
tool, with the lack of placebo as the commonest source
of likely bias.

Furthermore, it is conceivable that gathering different
drugs with different doses and regimens in the same node
could lead to heterogeneity, and some heterogeneity was
found among the several comparisons made. Nevertheless—
and most importantly—direct comparison results were in
line with the network results and the impact of hetero-
geneity on the ranking of therapy options was minimal.

In spite of all those shortcomings listed above, we were
able to formally compare different therapies and provide
a clear rank of efficacy of the many available options for
advanced melanoma. Abstracting all this sizeable amount
of information, combined BRAFi-MEKi-targeted therapy
seems to be a sound option at the present—even in light
of emerging results of immune therapy—for BRAF-mutant
patients. Longer follow-up in dual immune checkpoint
trials coupled with further analysis of immune markers
have the potential to further enhance outcomes in advanced
melanoma.
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Additional supporting information may be found in the
online version of this article:

Data S1. Full search strategy for PubMed.

Figure S1. Cochrane risk of bias tool.

Figure S2. Funnel plot of publication bias.

Figure S3. PRISMA flowchart of systematic review of
studies included in the Bayesian network meta-analysis.
Figure S4. Network diagram of therapeutic nodes.

The area of the circle is proportional to the sample size
of patients enrolled in each node; the width of connecting
lines indicates the number of direct comparisons within
trials. Chemo: chemotherapy; *: MEKi + chemotherapy;
**: CTLA-4i-GMCSF; ***: CTLA-4-chemotherapy; Green
circles: immunotherapy nodes; Orange circles: BRAFi or
MEKi-based nodes; Blue circle: chemotherapy node.
Number of patients in each node: CTLA-4i: 1172; PD-1i:
1527; CTLA-4i-PD-1i: 409; CTLA-4-chemotherapy: 250;
CTLA-4i-GMCSF:  123; MEKi single agent: 259;
Chemotherapy: 804; BRAFi single agent: 1390; BRAFi +
MEKi: 918; MEKi + chemotherapy: 45.

Appendix S1. Posterior probability that BRAF-mutated
patients had better outcomes than BRAF wild type under
immunotherapy.

Appendix S2. Posterior probability that PD-LI-positive
patients had better outcomes on immunotherapy.
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