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ARTICLE INFO ABSTRACT
Keywords: Background: The objective of this study was to estimate the relative efficacy and safety of targeted therapies for
Metastatic melanoma the treatment of metastatic melanoma using a network meta-analysis (NMA).

BRAF inhibitor

. Methods: A systematic literature review (SLR) identified studies in Medline, Embase and Cochrane published until
Network-meta analysis

. . November 2020. Screening used prespecified eligibility criteria. Following a transitivity assessment across

Indirect comparison . . .

Encorafenib included studies, Bayesian NMA was conducted.

Dabrafenib Results: A total of 43 publications reporting 15 targeted therapy trials and 42 reporting 18 immunotherapy trials

Vemurafenib were retained from the SLR and considered for the NMA. Due to substantial between-study heterogeneity with
immunotherapy trials, the analysis considered a network restricted to targeted therapies. Among combination
therapies, encorafenib + binimetinib was superior to dabrafenib + trametinib for overall response rate (OR =
1.86; 95 % credible interval [CrI] 1.10, 3.17), superior to vemurafenib + cobimetinib with fewer serious adverse
events (SAEs) (OR = 0.51; 95 % CrI 0.29, 0.91) and fewer discontinuations due to AEs (OR = 0.45; 95 % CrI 0.21,
0.96), and superior to atezolizumab + vemurafenib + cobimetinib with fewer SAEs (OR = 0.41; 95 % CrI 0.21,
0.82). Atezolizumab + vemurafenib + cobimetinib and encorafenib + binimetinib were generally comparable for
efficacy endpoints. Among double combination therapies, encorafenib + binimetinib showed high probabilities
of being better for all efficacy and safety endpoints.
Conclusions: This NMA confirms that combination therapies are more efficacious than monotherapies. Encor-
afenib + binimetinib has a favourable efficacy profile compared to other double combination therapies and a
favourable safety profile compared to both double and triple combination therapies.

Introduction status [1-3]. Clinician judgment drives individualized treatment de-
cisions based on characteristics of the patient and of the disease [4].

A number of approved treatment options currently exist for BRAF- Since multiple options exist, it is essential that treatment decisions are
mutant patients with unresectable or metastatic melanoma (MM), and informed by relevant and contemporary clinical research, including ef-
effective diagnosis tools are available for assessing BRAF mutational ficacy and safety data. Systemic treatment options for BRAF-mutant MM
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can be categorised by monotherapies or combinations of immunother-
apies (10), selective/targeted BRAF inhibitors (BRAFi), double therapy
combining a BRAFi and a MEK inhibitor (MEKi) and, most recently,
triple therapy combinations of BRAFi + MEKi coupled with an immu-
notherapy [1].

Selecting the most appropriate therapy for an individual patient is
hampered by limited direct treatment comparisons from head-to-head
randomised controlled trials (RCTs) [5-6]. Indirect treatment compar-
isons can offer a robust statistical approach for the estimation of relative
treatment effects between these therapies. Such approaches are
routinely used by national health technology assessment (HTA) au-
thorities for decisions on public reimbursement for new interventions.

The aim of this study was to conduct a systematic literature review
(SLR) of trials investigating the efficacy and safety associated with all
currently available treatment options for patients with BRAF-mutant
MM and to perform an indirect treatment comparison of the relative
efficacy and safety of targeted therapies — and IO if feasible — using a
Bayesian network meta-analysis (NMA).

Methods
Identification of studies (systematic literature review)

An SLR was conducted to identify relevant RCTs for evidence syn-
thesis of efficacy and safety outcomes. The SLR was conducted in
accordance with the guidelines published by the Cochrane Collaboration
and by the Centre for Reviews and Dissemination of the University of
York [7]. Eligibility criteria for study inclusion were developed using the
Population, Intervention, Comparator, Outcomes, Study design (PICOS)
statement [8]. The inclusion and exclusion criteria applied, and the
search terms can be found in the supplementary material.

The databases searched included Medline (including Ovid MED-
LINE® Epub Ahead of Print, Medline In-Process and other non-indexed
citations, Ovid MEDLINE® Daily, Ovid MEDLINE and Versions®),
Embase, and the Cochrane Library. The original searches were con-
ducted through the OVID platform using the advanced search technique
and were run on 14th April 2017. Updates of the SLR were run on 3rd
April 2018 and on 5th November 2020. Two reviewers independently
screened the studies identified from those searches and the eligible
studies were included in this analysis.

The methodological quality of included studies was assessed using
the criteria for methodological quality as specified by the Cochrane Risk
of Bias tool [9]. Additional information for the SLR can be found in the
supplementary material.

Network meta-analysis

Feasibility assessment

A feasibility assessment was carried out to determine whether a
connected network of direct and indirect evidence for a given outcome
of interest could be established and whether the comparability/transi-
tivity assumption was violated. Eligible trials were assessed for presence
and extent of between-trial heterogeneity by means of a comparison of
trial design characteristics for all included trials to identify potential
sources of bias (e.g., crossover, open label) that impact the outcomes of
interest, and a comparison of baseline patients’ characteristics to assess
the comparability of patient populations in all included trials.

Outcomes

The outcomes included in the NMA were selected based on their
relevance for investigating the efficacy and safety of therapies for MM,
and their clinical relevance. The included efficacy outcomes were
overall survival (OS), progression-free survival (PFS), and overall
response rate (ORR). The included safety outcomes were those leading
to clinical events and being similarly defined in the included studies: any
serious adverse events (SAEs; any untoward medical occurrence that at
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any dose results in death, or is life-threatening, or requires in patient
hospitalisation or prolonging of existing hospitalisation, or results in
persistent or significant disability/incapacity [10] and treatment
discontinuation due to AEs [11-12].

Analysis

Bayesian NMA was conducted using OpenBUGS version 3.2.3 [13]
based on scripts recommended by the National Institute for Health and
Care Excellence (NICE) Decision Support Unit (DSU) Technical Support
Document 2 [14]. The methodology followed the guidance from the
International Society for Pharmacoeconomics and Outcomes Research
(ISPOR) Task Force on Indirect Treatment Comparisons [15-16].
Additional information about the analysis can be found in supplemen-
tary material.

OS and PFS were analysed using log transformed hazard ratios (HR)
and corresponding standard errors (SE) from each trial, assuming a
normal likelihood and identity link [17]. Visual inspection of log cu-
mulative hazard plots was conducted to verify the proportional hazards
assumption was not violated in the survival outcomes reported by
included trials. This involved digitisation of Kaplan-Meier curves from
all included studies considered in the networks for the OS and PFS
outcomes. ORR and the two safety outcomes were analysed as binary
outcomes. Relative treatment effects are presented in the form of
matrices for all outcomes of interest, presenting each outcome with
associated 95 % credible intervals (95 % CrI) [18]. In Bayesian statistics,
95 % credible intervals denote a probability of 95 % of an effect falling
within this range given the observed data. Similar to confidence in-
tervals in frequentist statistics, one may interpret treatment comparisons
as superior/inferior when 95 % credible intervals (Crl) do not cross
unity (i.e., ‘1’). Although, the Bayesian approach treats parameters of
interest as random variables, which are therefore described with prob-
ability distributions from observed data, and in this context, the prob-
ability of a treatment being better than another treatment is calculated.

The Bayesian concept of credible interval from observed data is
sometimes seen as a more practical concept than the confidence interval
in frequentist statistics, being based on the hypothesized repeats of the
experiment. Bayesian statistics allows to calculate the probability of a
treatment being better than another treatment from observed data, of-
fering a different interpretation of results than frequentist statistics with
confidence intervals [19]. The relevance of the Bayesian results of the
probability of a treatment being better than another one is also justified
by the fact that substantial trial power reduction strongly reduces the
likelihood of demonstrating superiority between interventions when
trials are introduced into an NMA [20]. Then, even when 95 % CrI cross
unity, these results should not be discarded and probabilities of an
intervention being better than another one should be further assessed
with regards to their clinical relevance for a complete interpretation of
Bayesian results.

Description of inconsistency assessment, stochastic convergence and
the deviance information criterion (DIC) is provided in the supplemen-
tary material.

Results
Trial selection

The cumulative results from the original search and the two subse-
quent updates identified a total of 10,882 unique references after
removal of duplicate records. After abstract and full-text screening, 85
citations met the inclusion criteria and were retained for extraction of
relevant data. Of the 85 citations, 43 publications covered 15 targeted
therapy RCTs, while 42 publications reported 18 IO therapy RCTs
(Table 1). For each RCT, the latest data cut-off identified was used for
the analysis, under the assumption for survival outcomes of proportional
hazards over time. The assumption of proportional hazard functions
over time was not violated both for OS and PFS.



Table 1

Trials included and extracted from the systematic literature search.

Trial/NCT/EU ID

Treatments

Line of therapy

Patient population

References

Trials of BRAF-targeted therapies, including monotherapies and combination therapies with or without I0

BREAK-3 (Ph III)

BRF113220 Part C
(Ph 1D

BRIM-3 (Ph III)

coBRIM (Ph III)

COLUMBUS (Ph
1)

COMBI-d (Ph III)

COMBI-I

COMBI-v (Ph III ol)

EUDRACT
2011-002545-
35

IMspire150

KEYNOTE-022*

METRIC
(TMT212A2301)
NCT02314143

S1320**

DB; DTIC
DB; DB + TM; 1 mg; DB +
TM; 2 mg
VM; DTIC

VM -+ PBO; VM + COB

VM 960 mg bid; Enco +
Bini450; Enco

DB + TM 2 mg; DB + PBO

Spar + DB + TM; PBO +
DB + TM

DB + TM 2 mg; VM

Pacli; GSK1120212 +
Pacli; Pazo + Pacli

Atez + VM + COB; VM +
COB

Pembro Q3W + DB + TM;
DB + TM

TM; DTIC + Pacli; TM

DB + TM; TM + BD; TM +
BD

DB + TM (Continuous
dosing); DB -+ TM
(Intermittent dosing)

Trials of immunotherapies***

CA184-024

CheckMate 037

CheckMate 066

Ipi + DTIC; PBO + DTIC

Nivo; DTIC or Carbo +
Pacli

Nivo; DTIC

1st line therapy - no prior therapy for metastatic cancer
permitted

1st or 2nd line therapy

No prior exposure to BRAF or MEK inhibitors

Up to one regimen of chemotherapy and/or interleukin-
2 is permitted

1st line therapy

No prior systemic anti-cancer therapy for advanced
disease; stage IIIc and IV). Prior adjuvant
immunotherapy (including ipilimumab) is allowed

1st or 2nd line therapy (prior first-line immunotherapy
only)

Any-line therapy but no prior treatment with BRAF or
MEK inhibitors and only prior systemic treatment in the
adjuvent setting
1st line therapy

Any-line therapy but no prior treatment with BRAF or
MEK inhibitors and only prior systemic treatment in the
adjuvent setting

No prior MEK inhibitor or recent systemic therapy or
radiotherapy

Naive to prior systemic anti-cancer therapy for
melanoma except adjuvant therapy with interferon,

interleukin or vaccine therapies
1st line therapy

Any-line, but no prior BRAF or MEK inhibitor therapies

Any-line, but no prior BRAF or MEK inhibitor therapies

1st line therapy and only prior adjuvent therapy was
permitted

Prior adjuvent therapy was not an exclusion criteria

BRAF mutant advanced (Stage III) or metastatic (Stage IV) melanoma

Adult patients who have BRAF mutant positive melanoma or colorectal
cancer, measurable disease and ECOG 0 or 1

Histologically confirmed melanoma that is either Stage IIIC
(unresectable) or Stage IV, and BRAF V600E mutation positive
Patients with histologically xonfirmed melanoma either unresectable
stage IlIc or stage IV metastatic melanoma naive to treatment for
locally advanced unresectable or metastatic disease and
documentation of BRAF V600 mutation positive

Patients with locally advanced unresectable or metastatic melanoma
with BRAF V600 mutation

Histologically confirmed cutaneous melanoma that is either Stage IIIC
(unresectable) or Stage IV, and BRAF V600E/K mutation positive

Histologically confirmed, unresectable or metastatic melanoma with
BRAF V600 mutationAspartate transaminase

(AST) < 2.5 x ULN and Alanine transaminase (ALT) < 2.5 x ULN
ECOG performance status < 1

Histologically confirmed cutaneous melanoma that is either Stage IIIC
(unresectable) or Stage IV, and BRAF V600E/K mutation positive

18 years or older with measurable unresectable BRAF-wild type stage 3
or 4 melanoma, an Eastern Cooperative Oncology Group score of 0 or
1, and acceptable haematological, renal, and hepatic function
Patients with previously untreated BRAFv600 mutation-positive
metastatic or unresectable locally advanced melanoma

Histologically-confirmed diagnosis of advanced (unresectable Stage
I1I) or metastatic (Stage IV) melanoma excluding mucosal, or ocular
melanoma

Patients with unresectable or metastatic cutaneous melanoma with a
BRAF V600 E/K mutation

BRAF mutant metastatic unresectable stage IIlc or IV melanoma.

Patients with histologically or cytologically confirmed stage IV or
unresectable stage III BRAF V60OE or BRAF V600K mutant melanoma

Untreated Unresectable Stage III or IV Melanoma with ECOG 0 or 1

Adult advanced melanoma patients with

Eastern Cooperative Oncology Group (ECOG) performance status (PS)
0-1 and histologically confirmed Stage III (unresectable)/Stage IV
melanoma

Adult advanced melanoma patients with

Eastern Cooperative Oncology Group (ECOG) performance status (PS)
0-1 and histologically confirmed Stage III (unresectable)/Stage IV
melanoma

Hauschild 2012 [21], Hauschild 2013 [22], Latimer
2015a [23]
[24] [24], Flaherty 2014 [25], Long 2016 [26],[89]
Part C [27]

Chapman 2011 [28],[29] [29], Chapman 2017 [30],
Hauschild et al., 2016 [31]

[32] [321,[33] [33], Dreno 2017 [34],
NCT01689519 (EUDRACT 2012-003008-11) [35],
Dreno et al ASCO 2018 [36]

Dummer 2018 [37], Dummer 2018 (ASCO) Dummer
et al., 2018;36 38:9504-., Gogas 2018 (ASCO) [39],
NN 2016 [401,[95] [41],[42] [42],[43,37] [43],
Liszkay et al 2019 [44], Gogas et al 2020 [45]

Long 2014 [46], Long 2015 [47], Long 2017 [48],
NCT01584648 (EUDRACT 2011-006087-49) [49]

Nathan et al ESMO 2020 [50]

Robert 2015a [51], Robert 2016 [52], NCT01597908
(EUDRACT 2011-006088-23) [53]

EUDRACT 2011-002545-35 [54]

[55] [55], Ascierto et al ESMO 2020 [56]

[69] [57]

Robert et al 2019 [58], EUDRACT 2010-022838-85
[591]

NCT02314143 [60]

, EUDRACT 2012-004577-12 [61]

[62] [62]

[63] [63],[64] [64]

[65] [65],[66] [66]

Robert 2015c [67], Robert et al 2019 [68],[69] [69],
Robert et al 2020 [70]

(continued on next page)

0 12 21410 d

£9+201 (220Z) O [ SMa1M2Y JUdUNDAL], LoIUDD



Table 1 (continued)

Trial/NCT/EU ID

Treatments

Line of therapy

Patient population

References

CheckMate 067

CheckMate 069

CheckMate 511
Trial

EUDRACT2016-
001941-26

KEYNOTE 002

KEYNOTE-006

KEYNOTE-029

KEYNOTE-252/
ECHO-301

NCCTG N0879
(Alliance)

NCT01152788

NCT01258855

NCT01515189

NCT01740297

Nivo + Ipi; Nivo; Ipi

Nivo + Ipi; Ipi + PBO

Nivo + Ipi; Nivo + Ipi

Nivo + Ipi (Fixed
Combination); Nivo + Ipi
(Sequential Combination)

Pembro; Pembro; ICC;
ICC - Pembro; ICC —
Pembro

Pembro Q3W; Pembro
Q2W; Ipi

Pembro + Ipi; Pembro +
Ipi

Epac + Pembro; PBO +
Pembro
Carbo + pacli + Beva;

Carbo + pacli + Beva +
Evero

Interleukin 21; DTIC

Ziv-Afi + Aldes; Aldes
Ipi 3 mg/kg; Ipi 10 mg/kg
Talimogene

laherparepvec + Ipi;
Ipi

1st line therapy as patients were required to be
treatment naive

No prior systemic anticancer therapy for unresectable
or metastatic melanoma.

Prior adjuvant or neoadjuvant melanoma therapy is
permitted if it was completed at least 6 weeks prior to
date of first dose

1st line therapy in the metastatic setting

1st line therapy
Subjects have not been treated by systemic anticancer
therapy for unresectable or metastatic melanoma

Patients have progressed on prior therapy

No prior systemic treatment (excluding adjuvant or
neoadjuvant therapy) for melanoma (first line) or one
prior systemic treatment (excluding adjuvant or
neoadjuvant therapy) for melanoma (second line)

1st line therapy

No prior systemic treatment for metastatic melanoma
but BRAF directed therapyis permitted

1st or 2nd line therapy in the metastatic setting

Previous therapy permitted as long as it is not a
systemic therapy (except for MEK inhibitors)

1st’ 2nd or 3rd line therapy (up to two prior regimens
for metastatic cancer are permitted)

1st line therapy with no prior systemic anticancer
therapy

Adult advanced melanoma patients with

Eastern Cooperative Oncology Group (ECOG) performance status (PS)
0-1 and histologically confirmed Stage III (unresectable)/Stage IV
melanoma

BRAF positive patients excluded

Adult advanced melanoma patients with

Eastern Cooperative Oncology Group (ECOG) performance status (PS)
0-1 and histologically confirmed Stage III (unresectable)/Stage IV
melanoma

BRAF positive patients excluded

Patients were age 18 years or older with unresectable stage III or stage
IV melanoma, an Eastern Cooperative Oncology Group performance
status of 0 or 1, no prior systemic therapy for metastatic melanoma
Males and Females, ages 15 years > of age diagnosed with stage III or/
and stage IV histologically confirmed melanoma that is unresectable or
metastatic

Eastern Cooperative Oncology Group (ECOG) performance status of
0-1

Histologically or cytologically confirmed diagnosis of unresectable
Stage III or metastatic melanoma not amenable to local therapy
Participants with BRAF gene mutant melanoma must have had a prior
treatment regimen that included vemurafenib, dabrafenib, or an
approved BRAF or MEK protein inhibitor and ECOG status 0 or 1
Histologically-confirmed diagnosis of unresectable Stage III or
metastatic melanoma not amenable to local therapy (excluding uveal
or ocular melanoma) with ECOG 0 or 1

Histologically- or cytologically-confirmed diagnosis of advanced/
unresectable or metastatic melanoma with predominantly clear cell
elements.

Previously untreated stage I1I/IV advanced or metastatic melanoma
Patients were age 18 years or older with unresectable stage III or stage
IV melanoma, an Eastern Cooperative Oncology Group performance
status of 0 or 1, no prior systemic therapy for metastatic melanoma
Histologic proof of stage IV malignant melanoma not amenable to
surgery,, measurable disease, life expectancy of > 4 months, age > 18
years, adequate blood counts and organ function, and ECOG
performance score 0-1, and no more than one prior chemotherapy
based regimen for metastatic melanoma

Histologic diagnosis of malignant melanomaChemotherapy naive
Stage IV melanoma

(AJCC 2010)

Life expectancy of > 12 weeks

Eastern Cooperative Oncology Group (ECOG) performance status of
Oorl

Patients With Inoperable Stage III or Stage IV Melanoma

Unresectable Stage III or Stage IV melanoma

Eastern Cooperative Oncology Group (ECOG) performance status of
Oorl

Treatment naive Histologically confirmed diagnosis of malignant
melanoma.

Stage IIIB, I1IC, IVM1a, IVM1b, or IVM1c disease that is not suitable for
surgical resection

[71] [71], Wolchok 2018 [72], Larkin et al., 2017
[731,[741 [741,175] [75],176] [76],[72],[74] [77]

[77] [78], Postow 2015 [79]

Lebbe et al 2019 [80]

EUDRACT 2016-001941-26 [81]

NCT01704287 (EUDRACT 2012-003030-17) [82]

Robert 2015b [83], Robert et al 2019 [84],[84] [85],

NCT01866319 (EUDRACT 2012-004907-10) [86]

[87] [87]

[87] [88],[27] [89], NCT02752074 (EUDRACT
2015-004991-31) [90]

[90] [91]

NCT01152788 [92]

NCT01258855 [93]

EUDRACT 2011-004029-28 [94],[94] [95]

[97]1 [96], Chesney et al 2018 [97], Chesney et al
ESMO 2019 [98], Chesney et al SMR 2018 [99]
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coBRIM (Ascierto, 2016)
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Atez + VM + Cob
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2020)

COMBI-V (NCT01597908
EUDRACT 2011-006088-
23)
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COMBI-D (NCT01584648
EUDRACT 2011-006087-49)
BRF113220(Long, 2018 Part C)
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COMBI-I (Nathan,
2020)
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S$1320 (Algazi, 2020)
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(Ascierto, 2019)

DB + TM (intermittent)

Study included in NMA

Study excluded from NMA

Fig. 1. Network of evidence for efficacy and safety outcomes, Abbreviations: Atez: atezolizumab; Bini: binimetinib; Cob: cobimetinib; DB: dabrafenib; Dac:
dacarbazine; Enco: encorafenib; Pemb: pembrolizumab; Spar: spartalizumab; TM: trametinib; VM: vemurafenib, Notes: Due to lack of reported data, IMspire150 was
not included for safety outcomes. For COLUMBUS trial, (Ascierto, 2020) provided inputs for ORR and Discontinuation due to AE, [45] provided the OS and PFS input
and (Dummer, 2018) provided the SAE outcome. Keynote-022 did not provide SAE data. S1320, COMBI-I and Keynote-022 were excluded from the analysis as they
did not meet their primary endpoint, and their experimental intervention have no marketing authorisation for the treatment of BRAF-mutant MM.

Evidence synthesis of PFS using estimates from a blinded indepen-
dent central review committee (BIRC) to mitigate risk of bias was not
performed since only COLUMBUS, CoBRIM and BRF113220 Part C re-
ported BIRC estimates for these outcomes.

Overall response rate

According to our analysis, combination therapies are superior to
monotherapies for ORR. For combination therapies, the triple regimen
atezolizumab + vemurafenib + cobimetinib demonstrated favourable
results compared to double regimens, with the exception of encorafenib
+ binimetinib (Table 2). Encorafenib + binimetinib was superior to
dabrafenib + trametinib (OR = 1.86; 95 % Crl 1.10, 3.17) with a
probability of being better of 99 %, and has favourable results compared
to vemurafenib + cobimetinib and to atezolizumab + vemurafenib +
cobimetinib, with probabilities of being better of 87 % and 79 %,
respectively (Table 3).

Safety outcomes

SAEs

Monotherapies were superior with fewer SAEs compared with com-
bination therapies, except for encorafenib + binimetinib compared to
vemurafenib and to dabrafenib (Table 2. Encorafenib + binimetinib was
superior with fewer SAEs compared to vemurafenib + cobimetinib (OR
= 0.51; 95 % CrI 0.29, 0.91) with a probability of being better of 99 %,
and compared to atezolizumab + vemurafenib + cobimetinib (OR =
0.41; 95 % CrI 0.21, 0.82) with also a probability of being better of 99 %.
Results favoured encorafenib + binimetinib versus dabrafenib + tra-
metinib with a probability of being better of 93 % (Table 3).

Treatment discontinuation due to AEs

Monotherapies were generally associated with fewer treatment
discontinuation due to AEs compared with combination therapies
(Table 2). For combination therapies, encorafenib + binimetinib (OR =
0.45; 95 % CrlI 0.21, 0.96) and dabrafenib + trametinib (OR = 0.49; 95
% CrI 0.25, 0.94) were superior compared to vemurafenib + cobimeti-
nib. Encorafenib + binimetinib showed probabilities of being better of
59 %, 98 % and 88 % versus dabrafenib + trametinib, vemurafenib +
cobimetinib and atezolizumab + vemurafenib + cobimetinib, respec-
tively (Table 3).

Discussion

An SLR and NMA were conducted to derive relative effects of indi-
cated targeted therapy regimens for patients with BRAF-mutant MM,
since currently there is a lack of RCTs directly comparing the efficacy
and safety of these interventions.

Bayesian statistics used for NMAs produce results with 95 % credible
intervals (Crl), as compared to confident intervals (CI) in frequentist
statistics. The Bayesian approach treats parameters of interest as random
variables, and therefore parameters are described with probability dis-
tributions from observed data. In this context, the probability of a
treatment being better than another treatment is calculated, which is
specific to Bayesian statistics as compared with frequentist statistics. For
interpretation of results, as in frequentist statistics, superiority between
two interventions can be concluded when the 95 % CrlI does not cross
unity. However, in Bayesian statistics, when 95 % CrI cross unity, the
probability of a treatment being better than another one should then be
assessed regarding its clinical relevance. This is also justified by the
substantial trial power reduction when integrated into an NMA, which
strongly reduces the likelihood of demonstrating superiority between
interventions [20].

For efficacy outcomes, our study confirmed that combination ther-
apies are generally superior (i.e., 95 % Crl not crossing unity) to mon-
otherapies. Within combination therapies, encorafenib + binimetinib
was superior to dabrafenib + trametinib for ORR, and atezolizumab +
vemurafenib + cobimetinib was superior to vemurafenib + cobimetinib
for PFS. Atezolizumab + vemurafenib + cobimetinib and encorafenib +
binimetinib were generally comparable for efficacy endpoints.
Furthermore, comparisons among double therapy combinations fav-
oured encorafenib + binimetinib versus dabrafenib + trametinib and
versus vemurafenib + cobimetinib in terms of probability of being better
for all efficacy endpoints (although with 95 % CrI crossing unity for all
endpoints, except for ORR for encorafenib + binimetinib versus dabra-
fenib + trametinib). These comparisons with high probabilities of being
better favouring one intervention are then evaluated for their clinical
relevance, and subsequently this evidence can be used to inform clinical
decision making.

The favourable results in OS with high probabilities of being better
for encorafenib + binimetinib versus dabrafenib + trametinib and
versus vemurafenib + cobimetinib are likely to be clinically meaningful,
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Table 2

Matrix of Bayesian NMA results.
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Overall survival (HR, 95 % CrI)

DB

0.79 (0.65,0.96)
1.12(0.89,1.43)
1.38 (1.06,1.80)
0.79 (0.56,1.11)
0.67 (0.43,1.04)
0.70 (0.50,0.98)
TRD

DIC

1.26 (1.04,1.53)
DB + TR
1.42(1.20,1.68)
1.74 (1.39,2.18)
0.99 (0.74,1.34)
0.84 (0.56,1.26)
0.88 (0.66,1.18)
8.14 (2.13, 17.68)
—3.782

Progression-free survival (HR, 95 % Crl)

DB

0.66 (0.55, 0.79)
1.06 (0.84, 1.33)
2.77 (2.13, 3.59)
0.61 (0.44, 0.84)
0.48 (0.32, 0.70)
0.55 (0.39, 0.78)
TRD

DIC

1.52(1.27,1.83)
DB + TR

1.61 (1.37,1.89)
4.21 (3.37, 5.26)
0.93 (0.71, 1.23)
0.73 (0.51, 1.03)
0.83 (0.62, 1.13)
12.13 (6.30, 21.66)
—1.525

Overall response rate (OR, 95 % Crl)

Enco + Bini
0.54 (0.32, 0.91)
0.31 (0.20, 0.48)
0.03 (0.01, 0.05)
0.72 (0.40, 1.27)
0.76 (0.38, 1.49)
0.22 (0.12, 0.41)
TRD

DIC

1.86 (1.10, 3.17)
DB + TM

0.58 (0.43, 0.78)
0.05 (0.03, 0.08)
1.34 (0.84, 2.14)
1.42(0.78, 2.57)
0.42 (0.30, 0.59)

20.54 (11.41, 130.6)

133.8

Serious adverse events (OR, 95 % CrI)

Enco + Bini
1.46 (0.89, 2.40)
1.08 (0.71, 1.62)
0.27 (0.16, 0.45)
1.94 (1.10, 3.39)
0.67 (0.37, 1.18)
2.42 (1.22, 4.73)
TRD

DIC

0.68 (0.42, 1.13)
DB + TM

0.74 (0.55, 0.98)
0.18 (0.12, 0.27)
1.33(0.83, 2.12)
0.46 (0.33, 0.63)
1.65 (0.91, 3.02)

25.79 (17.36, 37.95)

128.8

Discontinuation due to AE (OR, 95 % CrI)

Enco + Bini
1.08 (0.55, 2.13)
1.05 (0.61, 1.79)
0.26 (0.09, 0.68)
2.20 (1.04, 4.66)
0.43 (0.17, 1.06)
1.70 (0.70, 4.17)
TRD

DIC

0.93 (0.47, 1.81)
DB + TM

0.97 (0.65, 1.44)
0.24 (0.09, 0.58)
2.04 (1.06, 3.97)
0.40 (0.21, 0.74)
1.58 (0.69, 3.61)
19.5 (10.19, 32.83)
115.9

0.89 (0.70,1.13)
0.70 (0.60,0.83)
VM

1.23 (1.03,1.45)
0.70 (0.55,0.90)
0.59 (0.41,0.86)
0.62 (0.49,0.79)

0.95 (0.75, 1.19)
0.62 (0.53, 0.73)
VM

2.62 (2.21, 3.12)
0.58 (0.46, 0.73)
0.45 (0.33, 0.62)
0.52 (0.40, 0.67)

3.19 (2.07, 4.98)
1.72 (1.28, 2.31)
VM

0.08 (0.06, 0.12)
2.30 (1.59, 3.32)
2.43 (1.45, 4.08)
0.72 (0.47, 1.09)

0.93 (0.62, 1.41)
1.36 (1.02, 1.80)
VM

0.25 (0.18, 0.34)
1.80 (1.24, 2.63)
0.62 (0.42, 0.93)
2.24 (1.32, 3.82)

0.96 (0.56, 1.64)
1.03 (0.69, 1.54)
VM

0.25 (0.10, 0.56)
2.10 (1.25, 3.58)
0.41 (0.20, 0.84)
1.63 (0.79, 3.38)

0.73 (0.56,0.95)
0.58 (0.46,0.72)
0.82 (0.69,0.97)
Dac

0.57 (0.42,0.77)
0.48 (0.32,0.73)
0.51 (0.38,0.68)

0.36 (0.28, 0.47)
0.24 (0.19, 0.30)
0.38 (0.32, 0.45)
Dac

0.22 (0.17, 0.29)
0.17 (0.12, 0.25)
0.20 (0.15, 0.27)

37.82 (21.27,68.36)
20.30 (13.04,32.21)
11.83(8.11,17.56)
Dac

27.19 (16.02,46.53)
28.82 (15.12,55.08)
8.48 (5.20,14.14)

3.75 (2.22, 6.40)
5.48 (3.67, 8.26)
4.04 (2.90, 5.66)
Dac

7.29 (4.42,12.08)
2.50 (1.60, 3.98)
9.07 (4.84,17.01)

3.81 (1.46,11.20)
4.10 (1.74,11.12)
3.96 (1.80,10.29)
Dac

8.38 (3.22,24.59)
1.63 (0.61, 4.91)
6.49 (2.20,21.17)

1.27 (0.90,1.79)
1.01 (0.75,1.36)
1.43(1.12,1.83)
1.75 (1.30,2.37)
VM + Cob

0.85 (0.65,1.12)
0.89 (0.63,1.25)

1.63 (1.19, 2.25)
1.07 (0.81, 1.41)
1.73 (1.38, 2.16)
4.52 (3.42, 6.00)
VM + Cob

0.78 (0.63, 0.97)
0.90 (0.64, 1.26)

1.39 (0.79, 2.48)
0.75(0.47, 1.19)
0.44 (0.30, 0.63)
0.04 (0.02, 0.06)
VM + Cob

1.06 (0.74, 1.53)
0.31 (0.18, 0.55)

0.51 (0.29, 0.91)
0.75 (0.47, 1.21)
0.55 (0.38, 0.81)
0.14 (0.08, 0.23)
VM + Cob

0.34 (0.20, 0.60)
1.24 (0.85, 1.81)

0.45 (0.21, 0.96)
0.49 (0.25, 0.94)
0.48 (0.28, 0.80)
0.12 (0.04, 0.31)
VM + Cob

0.20 (0.08, 0.47)
0.77 (0.46, 1.28)

1.50 (0.96,2.32)
1.19 (0.79,1.77)
1.68 (1.16,2.43)
2.06 (1.37,3.09)
1.18 (0.89,1.55)
Ate + VM + Cob
1.04 (0.67,1.62)

2.09 (1.42, 3.08)
1.38 (0.97, 1.95)
2.21 (1.62, 3.01)
5.80 (4.06, 8.26)
1.28 (1.03, 1.59)
Ate 4+ VM + Cob
1.15(0.77,1.72)

1.31 (0.67, 2.60)
0.71 (0.39, 1.28)
0.41 (0.25, 0.69)
0.03 (0.02, 0.07)
0.94 (0.66, 1.36)
Ate + VM + Cob
0.30 (0.15, 0.58)

1.50 (0.85, 2.67)
2.19 (1.58, 3.04)
1.61 (1.08, 2.41)
0.40 (0.25, 0.63)
2.91 (1.68, 5.03)
DB

3.62 (1.85, 7.04)

2.33 (0.95, 5.84)
2.51 (1.36, 4.82)
2.44 (1.19, 5.13)
0.61 (0.20, 1.64)
5.12(2.11,12.90)
DB

3.97 (1.43,11.25)

1.44 (1.02,2.02)
1.14 (0.85,1.52)
1.61 (1.27,2.05)
1.98 (1.47,2.65)
1.13 (0.80,1.59)
0.96 (0.62,1.49)
Enco + Bini

1.82(1.29, 2.58)
1.20 (0.88, 1.63)
1.93 (1.49, 2.49)
5.04 (3.70, 6.89)
1.12(0.79, 1.57)
0.87 (0.58, 1.30)
Enco + Bini

4.46 (2.43, 8.21)
2.39 (1.70, 3.37)
1.40 (0.91, 2.12)
0.12(0.07, 0.19)
3.20 (1.83, 5.61)
3.39 (1.74, 6.62)
DB

0.41 (0.21, 0.82)
0.61 (0.33, 1.10)
0.45 (0.26, 0.76)
0.11 (0.06, 0.21)
0.80 (0.55, 1.18)
0.28 (0.14, 0.54)
Ate + VM + Cob

0.59 (0.24, 1.44)
0.63 (0.28, 1.45)
0.61 (0.30, 1.27)
0.15 (0.05, 0.45)
1.29 (0.78, 2.16)
0.25 (0.09, 0.70)
Ate + VM + Cob

Abbreviations: Ate: atezolizumab; Bini, binimetinib; Crl, Credible interval; Cob, cobimetinib; DB, dabrafenib; Dac, dacarbazine; DIC, Deviance Information Criterion;

Enco, encorafenib; HR, Hazard ratio; OR, Odds ratio; VM, vemurafenib; TRD, Total Residual Deviance; TM; trametinib.
Notes: Results to be read horizontally, e.g. for the comparison of DB + TR vs DB in terms of overall survival the HR (95 % Crl) is 0.79 (0.65, 0.96).

with unadjusted differences in median OS of more than six months for
encorafenib + binimetinib versus the other double combination thera-
pies. Differences higher than six months in unadjusted median OS for
this patient population was judged clinically relevant by clinicians
specialised in the treatment of MM during health technology assessment
processes for public reimbursement in England and in Canada for dab-
rafenib + trametinib and for vemurafenib + cobimetinib [105-109].
Small numerical differences identified in the analysis of OS between
atezolizumab + vemurafenib + cobimetinib and encorafenib + bini-
metinib are unlikely to be clinically meaningful, with an unadjusted
difference in median survival between interventions of 4.8 months
favouring encorafenib + binimetinib [110,111].

In the analysis of safety outcomes, encorafenib + binimetinib was
superior (i.e., 95 % Crl not crossing unity) to atezolizumab + vemur-
afenib + cobimetinib with fewer SAEs, and was superior to vemurafenib
+ cobimetinib with fewer SAEs and fewer discontinuations due to AEs.
In addition, compared to dabrafenib + trametinib, encorafenib + bini-
metinib had probabilities of being better of 93 % for SAEs, and of 59 %
for discontinuations due to AEs, although with 95 % CrI crossing unity.
Based on this assessment of safety outcomes, encorafenib + binimetinib
may generate fewer treatment-related hospitalizations and lower health
care resource utilisation, which appears important evidence of clinical
relevance for choosing an intervention over another one, this choice of
regimen potentially resulting in lower costs for health care providers in
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Table 3
Matrix of the probability of a treatment of being better compared to another.

Overall survival probability of being better

DB 1% 83 % 99 % 8 % 4% 2%
99 % DB + 100 100 48 % 21 % 20 %
T™ % %
17 % 0% VM 99 % 0% 0% 0%
1% 0% 1% Dac 0% 0% 0%
92 % 52 % 100 100 VM + 12 % 25 %
% % Cob
96 % 79 % 100 100 88 % Ate + VM 57 %
% % + Cob
98 % 80 % 100 100 75 % 43 % Enco + Bini
% %
Progression-free survival (investigator) probability of being better
DB 0% 68 % 100 0% 0% 0%
%
100 % DB + 100 100 31% 4% 12 %
™ % %
32% 0% VM 100 0% 0% 0%
%
0% 0% 0% Dac 0% 0% 0%
100 % 69 % 100 100 VM + 1% 27 %
% % Cob
100 % 96 % 100 100 99 % Ate + VM 75 %
% % + Cob
100 % 88 % 100 100 73 % 25 % Enco + Bini
% %
Overall response rate probability of being better
Enco + 99 % 100 100 87 % 79 % 100 %
Bini % %
1% DB + 100 100 11 % 13 % 100 %
™ % %
0 % 0% VM 100 0% 0 % 94 %
%
0% 0% 0% Dac 0% 0% 0%
13 % 89 % 100 100 VM + 38 % 100 %
% % Cob
21 % 87 % 100 100 62 % Ate + VM 100 %
% % + Cob
0% 0% 6 % 100 0% 0% DB
%
SAEs probability of being better
Enco + 93 % 64 % 0 % 99 % 8 % 99 %
Bini
7 % DB + 2% 0% 88 % 0% 95 %
T™
36 % 98 % VM 0% 100 % 1% 100 %
100 % 100 % 100 Dac 100 % 100 % 100 %
%
1% 12 % 0% 0% VM + 0% 87 %
Cob
92 % 100 % 99 % 0 % 100 % DB 100 %
1% 5% 0% 0% 13 % 0% Ate + VM
+ Cob
Discontinuation due to adverse event probability of being better
Enco + 59 % 57 % 0% 98 % 3% 88 %
Bini
41 % DB + 44 % 0% 98 % 0% 86 %
™
43 % 56 % VM 0 % 100 % 1% 90 %
100 % 100 % 100 Dac 100 % 83 % 100 %
%
2% 2% 0% 0% VM + 0% 16 %
Cob
97 % 100 % 99 % 17 % 100 % DB 100 %
12% 14 % 10 % 0% 84 % 0 % Ate + VM
+ Cob

Abbreviations: Atez: atezolizumab; Bini: binimetinib; Cob: cobimetinib; DB:
dabrafenib; Dac: dacarbazine; Enco: encorafenib; TM: trametinib; VM: vemur-
afenib.
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Note: Results to be read horizontally, e.g. for the comparison of DB + TR vs DB in
terms of overall survival, the probability of DB + TR being better is 99 %.

terms of AE management.

A number of previous NMAs investigating systemic therapies for the
treatment of MM have recently been published [112-116]. An important
difference between this study and the previous NMAs is the inclusion of
IO trials to the network of evidence, an approach we deem methodo-
logically inappropriate given substantial population heterogeneity and
the fact that the only connection between the IO and targeted therapies
networks is through the Checkmate 066 trial, which did not allow
enrolment of patients with BRAF-mutant melanoma. The current NMA,
however, represents the first study to include an approved triple com-
bination therapy for the treatment of BRAF-mutant MM. Consistent with
findings from previous NMAs, results of the present NMA indicate the
favourable efficacy profile of combination targeted therapies compared
to monotherapies, although a comparable or favourable safety profile of
monotherapies compared to combination therapies is noted [112-116].

Our study has a number of limitations. Lack of reported data was
observed in several included RCTs for potential treatment effect prog-
nostic indicators, such as the number of metastatic sites. As a result, the
compatibility of the evidence base could not be exhaustively assessed.
Furthermore, the network included a mix of open-label and double-
blinded RCTs, and PFS was assessed by BIRC to mitigate risk of bias in
only three trials (i.e., COLUMBUS, CoBRIM and BRF113220 Part C)
which restricted its assessment. Finally, as previously mentioned, sub-
stantial trial power reduction strongly reduces the likelihood of
demonstrating superiority between interventions when introduced into
an NMA [20], hence probabilities of an intervention being better than
another one should not be discarded without further -clinical
consideration.

Conclusion

Our research represents the first study to compare all currently
approved targeted therapies for the treatment of BRAF-mutant MM. It
provides an evidence-based framework to inform clinical decision-
making given the lack of head-to-head comparisons from RCTs. Over-
all, results show that combination therapies are more efficacious than
monotherapies. Triple combination therapy and encorafenib + bini-
metinib were found to have the most favourable efficacy profiles, and
encorafenib + binimetinib had a favourable safety profile compared to
all other combination therapies, including triple combination therapy.
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