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IMPORTANCE Prognostic models may provide insight into clinical trial results and inform the
clinical management of patients with BRAF V600–mutated metastatic melanoma.

OBJECTIVE To identify subgroups with distinct survival outcomes based on clinical and
genomic characteristics and to assess survival in identified prognostic subgroups across
cohorts treated with dacarbazine, vemurafenib, or cobimetinib plus vemurafenib.

DESIGN, SETTING, AND PARTICIPANTS This retrospective and exploratory recursive
partitioning analysis (RPA) modeled associations between prespecified covariates and
survival outcomes using pooled data from the BRIM-2, BRIM-3, BRIM-7, and coBRIM studies.

INTERVENTIONS Dacarbazine, vemurafenib, or cobimetinib plus vemurafenib.

MAIN OUTCOMES AND MEASURES Progression-free survival (PFS) and overall survival (OS),
estimated using the Kaplan-Meier method.

RESULTS The RPA included 1365 patients (783 men; 57.4%). Of these, 1032 (75.6%) were
older than 65 years; 310 received cobimetinib plus vemurafenib; 717, vemurafenib alone; and
338, dacarbazine. Median follow-up was 14.1 months (interquartile range, 6.3-28.3 months).
In the RPA that included all patients, baseline lactate dehydrogenase (LDH) level, Eastern
Cooperative Oncology Group performance status (ECOG PS), presence or absence of liver
metastases, and baseline sum of longest diameters of target lesions (SLDs) were significant
prognostic factors for PFS: Median PFS was longest in patients with lower LDH (�2 × upper
limit of normal [ULN]), ECOG PS 0, and shorter SLD (�44 mm) (11.1 months; 95% CI, 7.0-18.4
months), and shortest in those with elevated LDH (>2 × ULN) (3.5 months; 95% CI, 3.0-3.8
months). The subgroup with normal baseline LDH and no liver metastases had the longest
median OS (22.7 months; 95% CI, 20.3-27.2 months). Similar PFS trends were observed when
these prognostic subgroups were applied to the cobimetinib plus vemurafenib, vemurafenib
alone, and dacarbazine cohorts. Baseline LDH, ECOG PS, and SLD were significant prognostic
factors for OS: Median OS was longest in patients with normal LDH and shorter SLD (�45
mm) (27.2 months; 95% CI, 22.1-32.1 months) and shortest in those with elevated LDH
(>2 × ULN) (6.0 months; 95% CI, 5.3-6.8 months). Among patients in the most favorable
subgroup (normal LDH and SLD �45 mm), 3-year OS rates were 53.3% (95% CI,
39.5%-67.1%) in the cobimetinib plus vemurafenib cohort, 35.6% (95% CI, 27.4%-43.8%) in
the vemurafenib cohort, and 35.6% (95% CI, 24.8%-46.4%) in the dacarbazine cohort.
Among patients with available gene expression data, RPA identified gene signature as a
significant prognostic factor for PFS in those with normal LDH; 3-year PFS rates were 21.9%,
(95% CI, 15.4%-28.4%) and 8.8% (95% CI, 3.6%-14.1%) in immune and cell cycle signature,
respectively. The RPA for OS did not identify gene signature as a significant factor.

CONCLUSIONS AND RELEVANCE Baseline LDH, ECOG PS, disease burden, and gene signature
appear to be key determinants of survival outcomes in patients with BRAF V600–mutated
metastatic melanoma treated with BRAF and/or MEK inhibitors. These results are consistent
with survival benefits of cobimetinib plus vemurafenib over vemurafenib alone observed in
the coBRIM study.
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T he introduction of small-molecule BRAF and MEK in-
hibitors has improved treatment outcomes in patients
with BRAF mutation–positive metastatic melanoma.1-5

In the BRIM-3 study (NCT00949702), BRAF-inhibitor
monotherapy with vemurafenib improved overall response rate
(ORR), progression-free survival (PFS), and overall survival (OS)
compared with dac arbazine in patients with BRAF
V600–mutated metastatic melanoma.1,2 Combined BRAF and
MEK inhibition with vemurafenib plus cobimetinib
demonstrated clinic al benefit in the BRIM-7 study
(NCT01271803)3 and improved ORR, PFS, and OS compared
with vemurafenib monotherapy in the coBRIM study
(NCT01689519).4,5 Extended follow-up of studies evaluating
BRAF-inhibitor monotherapy or combined BRAF and MEK
inhibition show a plateau in survival curves beyond about 3
years, suggestive of a subgroup of patients with prolonged
survival.6-9 Development of prognostic models may provide
insight into clinical trial results and inform clinical decision
making in the management of patients with metastatic
melanoma.

Conventionally accepted prognostic factors for survival in
patients with metastatic melanoma include disease stage, base-
linelactatedehydrogenase(LDH)levels,andbaselineEasternCo-
operative Oncology Group performance status (ECOG PS).10,11

However, these prognostic factors were identified prior to the in-
troduction of BRAF and MEK inhibitors. Recently, Long et al12

identified prognostic subgroups among patients with BRAF
V600–mutatedmetastaticmelanomatreatedwiththeBRAF-and
MEK-inhibitor combination of dabrafenib plus trametinib.

In patients with BRAF V600–mutated metastatic melanoma
treated with vemurafenib alone or in combination with cobimet-
inib,geneexpressionprofilingpreviouslyidentified2patientsub-
groups with distinct PFS outcomes: one defined by high base-
line expression of genes associated with cell cycle progression
and the other characterized by high baseline expression of im-
mune regulatory genes.13 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 plus vemurafenib.13 To date, clinical and genomic
characteristics have not been evaluated in an integrated model.

The objectives of the present exploratory analysis were (1)
to identify patient subgroups defined by baseline prognostic
factors with distinct PFS and OS outcomes regardless of treat-
ment; (2) to apply the prognostic subgroups identified to PFS
and OS outcomes across the dacarbazine, vemurafenib, and
cobimetinib plus vemurafenib cohorts; and (3) to evaluate the
association of previously defined gene expression signatures
with PFS and OS in the context of already-developed prognos-
tic models in patients with BRAF V600–mutated metastatic
melanoma.

Methods
Analysis Population
Data were pooled from the BRIM-2 (NCT00949702), BRIM-3,
BRIM-7, and coBRIM studies. Detailed methods have been

previously reported. Briefly, BRIM-2 was an open-label,
multicenter phase 2 trial of oral vemurafenib 960 mg twice
daily14; BRIM-3 was an open-label, multicenter, randomized
phase 3 trial of oral vemurafenib, 960 mg twice daily, compared
with intravenous dacarbazine, 1000 mg/m2 every 3 weeks1,2;
BRIM-7 was an open-label, multicenter phase 1b dose-
escalation study of oral cobimetinib, 60, 80, or 100 mg once
daily, on a 14 days on/14 days off schedule (14/14), 21 days on/7
days off (21/7), or continuously (28/0) combined with oral
vemurafenib, 720 or 960 mg twice daily3; and coBRIM was a
randomized, double-blind phase 3 study of oral cobimetinib,
60 mg once daily on a 21/7 schedule, combined with oral
vemurafenib, 960 mg twice daily, compared with placebo and
vemurafenib.4,5 Key eligibility criteria were similar across trials,
including age 18 years or older with unresectable stage IIIC or
IV melanoma harboring a BRAF V600 mutation, ECOG PS of
0 or 1, and adequate organ function. BRIM-3 and coBRIM
enrolled previously untreated patients only, whereas BRIM-2
enrolled patients who had received prior systemic treatment
for advanced disease, and BRIM-7 enrolled both previously
treated and untreated patients. All 4 trials allowed enrollment
of patients with previously treated, stable brain metastases.

Each trial was conducted in accordance with the Declara-
tion of Helsinki and the principles of Good Clinical and Labo-
ratory Practice and with the approval of appropriate ethics com-
mittees. All patients provided written informed consent.

Gene Expression Signatures
Identification and validation of the cell cycle and immune gene
expression signatures (eTable 1 in the Supplement) were pre-
viously described.13 Gene expression was measured using the
nCOUNTER platform (NanoString Technologies) in archival for-
malin-fixed, paraffin-embedded tumor samples. The tumor
samples were from either primary lesions or metastases. Pa-
tients with gene expression data were classified into the cell
cycle or immune subgroup as previously described.13 The most
common reason for exclusion of patients from the gene sig-
nature analysis was the nonavailability of archival tumor
tissue.

Key Points
Question What are the clinical and genomic factors associated
with survival outcomes in patients with BRAF V600–mutated
metastatic melanoma treated with BRAF and/or MEK inhibitors?

Findings In this exploratory recursive partitioning analysis, which
modeled associations between prespecified covariates and
survival outcomes in 1365 patients, baseline lactate
dehydrogenase level, performance status, disease burden, and
gene signature were associated with survival outcomes in BRAF
V600–mutated metastatic melanoma. Cobimetinib plus
vemurafenib provided survival advantages over vemurafenib
monotherapy across all prognostic subgroups.

Meaning The results of this analysis provide a framework that
may be used to compare treatment outcomes for patients with
metastatic melanoma across trials and regimens and may aid in
clinical decision making for individual patients.
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Recursive Partitioning Analysis
This exploratory and retrospective recursive partitioning analy-
sis (RPA) was performed using the pooled data set to model
associations between prespecified covariates and PFS or OS.
Additional RPAs using data from the subset of patients with
available gene expression signature data were conducted to
model associations between prespecified covariates, gene ex-
pression signatures, and PFS or OS.

Included covariates were prespecified and/or previously
identified as potential prognostic factors in peer-reviewed lit-
erature. These included age (<65 vs ≥65 years), sex (male vs
female), race (white vs nonwhite), geographic region (North
America, Europe, or Australia/New Zealand/other), baseline
ECOG PS (0, 1, or 2), baseline LDH (normal vs elevated), dis-
ease stage at enrollment (unresectable IIIC/M1a/M1b vs M1c),
liver metastases (present vs absent), and baseline sum of lon-
gest diameters (SLDs) of target lesions. A small proportion of
patients (≤10% in the overall populations in the PFS, OS, and
gene signature analysis) were excluded because of missing co-
variate data.

For the RPAs, we used a unified framework for condi-
tional inference (permutation tests) using censored response
variables to avoid bias in the selection of covariates and mini-
mize overfitting of the data.15 This approach ensured a right-
sized tree with no need for pruning or cross-validation. The
global null hypothesis of independence between the prespeci-
fied input variables and survival was tested. If the null hy-
pothesis could not be rejected, the analysis was stopped; oth-
erwise, the covariate most strongly associated with survival
was identified based on univariate P values, and a binary split
was implemented. These steps were repeated until no fur-
ther covariates with a significant association with survival
could be distinguished. The stop criterion was based on either
multiplicity-adjusted univariate P values or a prespecified
threshold value of the test statistic (both criteria were maxi-
mized using 1 − P value).

Statistical Analysis
The end points for this exploratory analysis were PFS and OS,
estimated using the Kaplan-Meier method. The independent
association of gene expression signatures with PFS and OS out-
comes was tested by multivariate Cox proportional hazards
modeling. All analyses were conducted using data cutoff dates
of February 1, 2012, for BRIM-2; July 8, 2015, for BRIM-3; April
25, 2016, for BRIM-7; and June 20, 2016, for coBRIM. All eli-
gible patients, as defined by each study protocol, were in-
cluded in the analysis regardless of treatment assignment.

Results
Patient Population
Baseline characteristics of patients in the pooled population
and pooled treatment cohorts and were comparable across co-
horts (eTable 2 in the Supplement). Gene expression signa-
ture data were available for 608 patients across pooled stud-
ies; 312 patients (51.3%) had the cell cycle signature, and 296
patients (48.7%) had the immune signature. The distribution

of baseline characteristics for patients with available gene sig-
natures was similar to that of the overall pooled population and
comparable across cohorts (eTable 3 in the Supplement).

The median follow-up duration for the pooled popula-
tion was 14.1 months (interquartile range [IQR], 6.3-28.3
months). Median (IQR) follow-up durations were 21.7
(10.2-32.1) months in the cobimetinib plus vemurafenib co-
hort, 13.9 (6.7-25.2) months in the vemurafenib cohort, and 9.2
(3.0-21.0) months in the dacarbazine cohort.

Progression-Free Survival
In the RPA that included all patients (n = 1365), baseline LDH,
ECOG PS, presence or absence of liver metastases, and base-
line SLD were significant prognostic factors for PFS, produc-
ing 6 subgroups with distinct outcomes; supporting data can
be found in the Figure. Baseline LDH was the strongest deter-
minant of PFS; outcomes were further distinguished by pres-
ence or absence of liver metastases among patients with nor-
mal LDH, and by degree of LDH elevation (≤2 × vs >2 × upper
limit of normal [ULN]) among those with elevated LDH. For
those with elevated LDH less than or equal to 2 × ULN, out-
comes were further distinguished by baseline ECOG PS
(0 vs ≥1) and SLD (≤44 vs >44 mm). Median PFS was longest
in patients with elevated LDH less than or equal to 2 × ULN,
ECOG PS 0, and SLD less than or equal to 44 mm (11.1 months;
95% CI, 7.0-18.4 months), and shortest in those with
elevated LDH greater than 2 × ULN (3.5 months; 95% CI,
3.0-3.8 months).

Similar trends in PFS were observed when these prognos-
tic subgroups were applied to the cobimetinib plus vemu-
rafenib, vemurafenib monotherapy, and dacarbazine cohorts
(Figure and eFigure 1 in the Supplement). Within and across
prognostic subgroups, PFS outcomes were improved in the co-
bimetinib plus vemurafenib cohort compared with the vemu-
rafenib monotherapy cohort. Among patients with elevated
LDH less than or equal to 2 × ULN, ECOG PS 0, and SLD less
than or equal to 44 mm (the most favorable subgroup), 3-year
PFS rates were 51.8% (95% CI, 31.2%-72.4%) in the cobimet-
inib plus vemurafenib cohort, 26.0% (95% CI, 8.3%-43.7%) in
the vemurafenib cohort, and 0.0% (95% CI, 0.0-0.0) in the
dacarbazine cohort.

Overall Survival
In the RPA that included all patients (n = 1365), baseline LDH,
ECOG PS, and SLD were significant prognostic factors for OS,
producing 5 subgroups with distinct outcomes (supporting data
provided in eFigure 2 in the Supplement). Baseline LDH was
the strongest prognostic factor for OS outcomes. Among pa-
tients with normal LDH, OS outcomes were further deter-
mined by SLD (≤45 vs >45 mm). In patients with elevated LDH,
distinct OS outcomes were observed according to degree of LDH
elevation (≤2 × ULN vs >2 × ULN): among those with modest
LDH elevations (≤2 × ULN), outcomes were further distin-
guished by ECOG PS (0 vs ≥1). Median OS was longest in pa-
tients with normal LDH and SLD less than or equal to 45 mm
(27.2 months; 95% CI, 22.1-32.1 months) and shortest in those
with LDH greater than 2 × ULN (6.0 months; 95% CI, 5.3-6.8
months). Patients with modest LDH elevations (≤2 × ULN) and
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ECOG PS 0 had intermediate outcomes (median OS, 16.0
months; 95% CI, 13.3-18.5 months), and some patients expe-
rienced prolonged OS, with 3- and 4-year OS rates of 22% and
20%, respectively.

Similar trends in OS were observed when these prognos-
tic subgroups identified were applied to the cobimetinib plus
vemurafenib, vemurafenib monotherapy, and dacarbazine co-
horts (eFigure 2 and eFigure 3 in the Supplement). Within and
across prognostic subgroups, OS outcomes were improved in
the cobimetinib plus vemurafenib cohort compared with the
vemurafenib monotherapy cohort. Among patients with nor-
mal LDH levels and SLD less than or equal to 45 mm (the most

favorable subgroup), 3-year OS rates were 53.3% (95% CI,
39.5%-67.1%) in the cobimetinib plus vemurafenib cohort,
35.6% (95% CI, 27.4%-43.8%) in the vemurafenib cohort, and
35.6% (95% CI, 24.8%-46.4%) in the dacarbazine cohort.

Gene Expression Signature
In multivariate analyses, the immune signature was associ-
ated with improved PFS (adjusted hazard ratio [HR], 0.75; 95%
CI, 0.62-0.89; P = .002) and OS (adjusted HR, 0.74; 95% CI,
0.61-0.90; P = .002) compared with the cell cycle signature
(Table). The association of gene expression signatures with PFS
and OS was statistically significant in the all-pooled-patients

Table. Survival Outcomes According to Gene Expression Signatures Across Treatment Cohorts in Patients With Gene Expression Dataa

Treatment Group

Progression-Free Survival Overall Survival

Immune Cell Cycle HR (95% CI)b
P
Value Immune Cell Cycle HR (95% CI)b

P
Value

All pooled patients
(n = 608)

7.39 (6.70-8.97) 5.42 (4.44-6.54) 0.75 (0.62-0.89) .002 18.83 (15.61-23.16) 13.31 (11.30-15.24) 0.74 (0.61-0.90) .002

Cobimetinib plus
vemurafenib (n = 143)

12.94 (9.69-20.34) 10.51 (7.92-13.50) 0.76 (0.50-1.17) .21 27.96 (21.49-NE) 21.55 (17.54-31.08) 0.71 (0.44-1.14) .16

Vemurafenib (n = 320) 7.84 (6.97-9.56) 5.55 (4.80-6.74) 0.70 (0.54-0.90) .01 18.76 (15.51-25.56) 12.29 (10.05-14.09) 0.74 (0.56-0.98) .04

Dacarbazine (n = 145) 1.74 (1.48-3.12) 1.63 (1.48-2.10) 0.72 (0.51-1.03) .07 11.14 (7.66-17.84) 9.63 (7.26-13.31) 0.70 (0.48-1.03) .07

Abbreviation: HR, hazard ratio.
a Unless otherwise indicated, data are reported as median (95% CI) survival

time measured in months.
b Adjusted HR for immune vs cell cycle.

Figure. Recursive Partitioning Decision Tree and Progression-Free Survival (PFS) Outcomes by Identified Prognostic Subgroups in All Pooled Patients
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progression-free survival; SLD, sum of longest diameters of target lesions; ULN,
upper limit of normal.
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and the vemurafenib cohorts, but not in the cobimetinib plus
vemurafenib cohort. Compared with vemurafenib mono-
therapy, cobimetinib plus vemurafenib improved both PFS and
OS regardless of gene expression signature.

In the RPA that included all patients with gene expres-
sion data (n = 608), baseline LDH, SLD, and gene expression
signature were identified as significant prognostic factors for
PFS, yielding 4 subgroups with distinct outcomes (eFigure 4
in the Supplement). Baseline LDH was the strongest prognos-
tic factor for PFS; outcomes were further determined by gene
expression signature (immune vs cell cycle) among patients
with normal LDH and by SLD (≤60 vs >60 mm) among those
with elevated LDH. The subgroup with normal baseline LDH
and immune signature had the longest median PFS (9.0
months; 95% CI, 7.1-11.2 months), whereas the subgroup with
elevated LDH and SLD greater than 60 mm had the shortest
median PFS (4.0 months; 95% CI, 3.5-4.7 months).

Gene expression signature was not identified as a prog-
nostic factor for OS in the RPA that included all patients with
gene expression data (n = 608). For all pooled patients with
gene expression signature data, baseline LDH, ECOG PS, and
liver metastasis were identified as prognostic factors for OS,
yielding 5 groups with distinct OS outcomes (eFigure 5 in the
Supplement). The subgroup with normal baseline LDH and no
liver metastases had the longest median OS (22.7 months; 95%
CI, 20.3-27.2 months), whereas the subgroup with elevated
baseline LDH greater than 2 × ULN had the shortest median
OS (6.0 months; 95% CI, 5.1-8.0 months).

The immune signature was significantly more prevalent
in favorable prognostic groups based on clinical variables iden-
tified for PFS and OS in the RPA in the all-pooled-patients popu-
lation (both P < .001 by 1-sided Cochrane Armitage trend test)
(eFigure 6 in the Supplement). The trend was significant in the
cobimetinib plus vemurafenib and vemurafenib mono-
therapy cohorts, but not in the dacarbazine cohort (eTables 4
and 5 in the Supplement).

Objective Response
Within and across prognostic groups, ORRs were improved with
cobimetinib plus vemurafenib (range, 54%-78%) compared
with vemurafenib monotherapy (range, 33%-67%) (eTable 6
in the Supplement). Similar results were also observed for du-
ration of response (eTable 7 in the Supplement).

Complete responses (CRs) occurred predominantly in the
most favorable prognostic subgroups (eFigure 7 in the Supple-
ment). In analyses that included all patients, CR rates were 39%,
19%, and 11% in the cobimetinib plus vemurafenib, vemu-
rafenib monotherapy, and dacarbazine cohorts, respectively,
in the most favorable prognostic subgroup for PFS (elevated
LDH ≤2 × ULN, ECOG PS 0, and SLD ≤44 mm) and 36%, 17%,
and 4%, respectively, in the most favorable prognostic sub-
group for OS (normal LDH levels and SLD ≤45 mm). In com-
parison, CR rates were 0% to 3% across treatment cohorts in
the least favorable subgroup (LDH >2 × ULN). In patients with
available gene expression data, CR rates were 28%, 17%, and
2% in the cobimetinib plus vemurafenib, vemurafenib mono-
therapy, and dacarbazine cohorts, respectively, in the most fa-
vorable prognostic subgroup for PFS (normal LDH and im-

mune gene signature), and 6%, 2%, and 0%, respectively, in
the least favorable subgroup (elevated LDH and SLD >60 mm).

Discussion
In this exploratory pooled analysis of 4 key trials of vemu-
rafenib or cobimetinib plus vemurafenib incorporating demo-
graphic, clinical, and genomic data, LDH level, presence or ab-
sence of liver metastases, SLD, and ECOG PS emerged as key
prognostic factors defining groups with distinct PFS and OS out-
comes in patients with BRAF V600–mutated melanoma. Gene
expression signatures demonstrated independent prognos-
tic associations in an integrated RPA model for PFS but not OS
outcomes. Regardless of the prognostic model used, PFS and
OS outcomes were favorable for cobimetinib plus vemu-
rafenib compared with vemurafenib monotherapy across all
prognostic groups.

Identification of LDH level and ECOG PS as prognostic fac-
tors is consistent with previous findings in patients with meta-
static melanoma,10,11 including those with BRAF mutations
treated with BRAF and/or MEK inhibitors.12,16 Despite differ-
ences in statistical methodology and treatment, these find-
ings are remarkably consistent with those recently reported
by Long et al12 and Schadendorf et al,16 who conducted pooled
analyses of patients with BRAF V600–mutated metastatic
melanoma treated with dabrafenib + trametinib. The LDH
level, number of metastatic sites, ECOG PS, and SLD were iden-
tified as key prognostic factors for PFS and/or OS in these
analyses.12,16 Although number of metastatic sites was not iden-
tified as a significant prognostic factor in our models, all analy-
ses identified 1 or more measures of tumor burden (presence
or absence of liver metastasis, SLD, or number of metastatic
sites) as having an independent prognostic association.

Baseline LDH was identified as the strongest prognostic fac-
tor across all analyses in the present study and in previously re-
ported analyses, including those conducted by Long et al12 and
Schadendorf et al.16 All analyses further discriminated outcomes
between patients with modest (≤2 × ULN) vs more substantial
(>2 × ULN) elevations of LDH, suggesting that additional strati-
fication beyond normal vs elevated LDH may be useful. A unique
findingofouranalysiswasidentificationofasubgroupofpatients
with elevated LDH (LDH ≤2 × ULN, ECOG PS 0, and SLD ≤44 mm)
who exhibited survival outcomes comparable to those with nor-
malLDH.Incontrast,analysesofpatientstreatedwithdabrafenib
plus trametinib did not identify a similar elevated LDH subset
with favorable survival outcomes.

Another common finding across analyses was clustering of
CRs in favorable prognostic subgroups and a notable absence of
CR in the least favorable prognostic subgroup (consistently de-
fined as LDH ≥2 × ULN).12,16 These observations appear to extend
to immunotherapy using checkpoint inhibitors. A recent pooled
analysis of patients with advanced melanoma receiving
nivolumab plus ipilimumab or nivolumab alone found that pa-
tients who did not achieve a CR had worse prognostic features
(elevated LDH and higher tumor burden based on disease stage
and SLD).17 Additional analyses are ongoing to better understand
these populations within our data set.
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Among patients with available gene expression data, PFS
and OS were significantly improved for those with the im-
mune signature compared with those with the cell cycle sig-
nature, as previously defined.13 The present RPA confirmed the
importance of gene expression signature as an independent
prognostic factor for PFS among patients with normal base-
line LDH, but not for OS. Furthermore, the immune signature
was significantly enriched in favorable clinical prognostic sub-
groups in the vemurafenib and cobimetinib plus vemu-
rafenib cohorts, but not in the dacarbazine cohort. These ob-
servations are consistent with recent reports demonstrating
immunosuppressive effects of oncogenic BRAF signaling on
the tumor-host interaction and beneficial effects of MEK in-
hibition on response to immune checkpoint inhibitors,18-21 sup-
porting further study of the interaction of BRAF/MEK inhibi-
tion with the tumor microenvironment and immune response.

Limitations
This retrospective analysis used pooled data from multiple
studies conducted across an approximately 8-year span. Varia-
tions in regulatory approval and access to new treatments over
time and across various geographical regions could have in-
fluenced survival outcomes in a nonuniform manner. In ad-
dition, the pooled data set included patients enrolled in non-

randomized studies with potential introduction of selection
bias for particular treatments.

Conclusions
In summary, findings from this analysis are robust and gen-
erally consistent with those of other analyses, indicating that
baseline LDH, performance status, extent of disease, and gene
expression signature are key determinants of survival out-
comes in patients with BRAF V600–mutated metastatic mela-
noma treated with BRAF and/or MEK inhibitors. The results
of this exploratory pooled analysis are consistent with previ-
ously observed PFS and OS benefits of cobimetinib plus ve-
murafenib over vemurafenib monotherapy in the pivotal phase
3 study (coBRIM; NCT01689519). The PFS and OS were pro-
longed in patients within good prognostic subgroups, which
may explain the observed tail in survival curves in recent long-
term analyses.6-9 The results of this analysis provide a frame-
work that may be used to compare outcomes across trials and
regimens in patients with metastatic melanoma. Understand-
ing treatment effects of different regimens across prognostic
groups, as described by us and others, may aid clinicians in
clinical decision making for individual patients.
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