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ABSTRACT
◥

Purpose: This open-label, dose-finding phase Ib/II study reports
the safety and activity of the first combination use with BRAF
inhibitor (BRAFi) encorafenib plus MEK inhibitor (MEKi) bini-
metinib in patients with BRAF V600E–mutant solid tumors.

Patients and Methods: In phase I, the recommended phase 2
doses (RP2D) were established (primary objective). In phase II,
the clinical activity of the combination at the RP2D was assessed
(primary objective) in patients with BRAF-mutant metastatic
colorectal cancer (mCRC), BRAFi-treated BRAF-mutant mela-
noma, and BRAFi-naïve BRAF-mutant melanoma.

Results: A total of 126 patients with BRAF-mutant solid
tumors were enrolled (phase I: 47 patients; phase II: 79 patients).
The RP2D was encorafenib 450 mg once daily plus binimetinib
45 mg twice daily and pharmacokinetic data suggest that drug

exposures of each agent were similar in combination compared
with single-agent studies. In the phase II cohorts, confirmed
responses were seen in two of 11 (18%) evaluable patients with
mCRC, 11 of 26 (42%) evaluable patients with BRAFi-pretreated
melanoma, and 28 of 42 (67%) BRAFi-naïve patients with
melanoma. The most common grade 3/4 adverse event in phase
II was increased alanine aminotransferase.

Conclusions: The combination of encorafenib (450 mg) plus
binimetinib (45mg) showed acceptable tolerability and encouraging
activity in patients with BRAF V600–mutant tumors, which led to
the dose selection for the melanoma COLUMBUS study. The safety
profile of the combination was consistent with other approved
BRAFi plus MEKi regimens, with several differences, including
lower rates of dose-limiting pyrexia, arthralgia, and photosensitivity.

Introduction
TheMAPK signaling pathway (i.e., RAS-RAF-MEK-ERK pathway)

regulates cellular proliferation, survival, and differentiation and plays
an important role in melanoma pathogenesis (1). This pathway can
become constitutively activated through several mechanisms, includ-

ing BRAF or RAS mutations, which are the most frequently altered
MAPK pathway components in cancer (2).

BRAF V600E mutation is found in approximately 8% to 15% of
patients with metastatic colorectal cancer (mCRC) and approximately
50%of primary cutaneousmelanomas (3, 4). Dual inhibition ofMAPK
signaling with inhibitors to BRAF (BRAFi) andMEK (MEKi), which is
downstream of BRAF in the MAPK pathway, is standard treatment in
patients with BRAFV600-mutant metastatic melanoma (5–10) and is
recommended therapy with an EGFR inhibitor for BRAFV600E-
mutant mCRC (11). Compared with BRAFi monotherapy in mela-
noma, BRAFi/MEKi combination therapy improves survival while
reducing BRAFi-associated toxicities resulting from paradoxical
MAPK pathway activation (5, 7–9, 12–14). The more durable
responses observed with BRAFi/MEKi combination therapy than with
BRAF inhibition alone are consistent with multiple genetic mechan-
isms of resistance and provide a rationale for dual MEK and BRAF
inhibition (15–20).

The combination of BRAFi plus MEKi has demonstrated improved
efficacy versus single-agent BRAFi in four randomized controlled
phase III trials in patients with BRAF V600–mutated metastatic
melanoma (5, 7, 8, 12, 13). Combination regimens with dabrafenib
plus trametinib and vemurafenib plus cobimetinib were generally well
tolerated, although patients receiving combination therapy required
more dosemodifications than those receivingmonotherapy (7, 8). The
vemurafenib plus cobimetinib combination was associated with more
frequent gastrointestinal events, photosensitivity, and elevated ami-
notransferase levels compared with vemurafenib monotherapy (8, 9).
In the dabrafenib plus trametinib studies, 11% (21) and 16% (22)
discontinuation rates were documented, with pyrexia being the most
common reason for treatment discontinuation. On the basis of
phase III trials, dabrafenib plus trametinib and vemurafenib plus
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cobimetinib combination therapies received regulatory approval from
the FDA and the European Commission for BRAF-mutant metastatic
melanoma.

More recently, the combination of encorafenib plus binimetinib
has demonstrated clinical activity and tolerability in the phase
III COLUMBUS study in patients with BRAF V600–mutated
melanoma (12, 13, 23). This combination is distinct in that encor-
afenib is an ATP-competitive BRAFi that suppresses the MAPK
pathway in tumor cells that express several mutated forms of BRAF
kinase (e.g., V600E,V600D, and V600K mutations), with a disso-
ciation half-life that is more than 10 times longer (>30 hours) than
either dabrafenib or vemurafenib (24). Preclinical studies suggest
that this property could allow for sustained target inhibition and
enhance antitumor activity, while reducing paradoxical activation
of MAPK pathways in normal tissues (22, 25). Binimetinib is an
orally available, nonATP competitive, allosteric inhibitor of MEK1
and MEK2 (26). Results from the COLUMBUS study demonstrated
that the encorafenib plus binimetinib combination provides favor-
able efficacy and tolerability profile versus vemurafenib monother-
apy, as evidenced by higher median dose intensities and longer
median treatment exposure observed (13). Furthermore, encorafe-
nib demonstrated improved efficacy relative to vemurafenib mono-
therapy in this study (12, 13). These data led to regulatory approvals
of the combination starting in 2018 (25). In addition, the combi-
nation of encorafenib, binimetinib, and cetuximab has shown
promising results for previously treated BRAF V600E–mutant
mCRC in the BEACON study (27, 28).

In this study, we report the initial safety and therapeutic activity
of encorafenib plus binimetinib from a phase Ib/II dose escalation
study in patients with BRAF V600–dependent advanced solid
tumors, including phase II cohorts with BRAFi-naïve and previ-
ously BRAFi-treated BRAF-mutant metastatic melanoma, as well as
patients with BRAF V600–mutant mCRC.

Patients and Methods
Study design and participants

In this multicenter, open-label, phase Ib/II, dose-finding study of
encorafenib plus binimetinib, adults with BRAF-mutant malignancies
were enrolled initially to dose-escalation cohorts and subsequently to
phase II cohorts at the RP2D (NCT01543698). Three arms were
enrolled at the RP2D: (i) BRAFi-naïve patients with BRAF V600–
mutant mCRC; (ii) patients with BRAF V600–mutant melanoma
following progression on a selective BRAFi (e.g., vemurafenib or
dabrafenib); and (iii) BRAFi-naïve patients with BRAF V600–mutant

melanoma. A total of 17 centers from Canada, the United States,
Europe, and Australia participated in the study. Eligible patients were
ages ≥18 years, had an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1, and had adequate organ function
[creatinine <1.5 � upper limit of normal (ULN), bilirubin ≤1.5 �
ULN, hepatic transaminases≤2.5�ULNor≤5�ULN in the setting of
preexisting liver metastases, and left ventricular ejection fraction
>45%]. Previous cancer therapy was permitted, except BRAFi as
previously noted for specific cohorts. Patients with symptomatic brain
metastases were excluded; however, patients with asymptomatic
untreated brain metastasis were eligible. Malignancy other than non-
melanoma skin cancer, active systemic infection, evidence of or risk
factor for retinal disease, and patients with a life expectancy <3months
were excluded. Patients were treated until disease progression, unac-
ceptable toxicity, or withdrawal of informed consent.

All patients provided written informed consent. An institutional
review board or independent ethics committee approved the protocol
at all study sites. This study was conducted in accordance with the
requirements of each country's regulatory authorities as well as in
accordance with Good Clinical Practice guidelines, as defined by the
International Council for Harmonisation.

Procedures
Patients received open-label encorafenib once daily and binimetinib

45 mg twice daily. During the phase I dose escalation, patients with
BRAF-mutant solid tumor malignancies, independent of prior BRAFi
therapy, were enrolled in cohorts of increasing daily encorafenib doses
(50, 100, 200, 400, 450, 600, and 800 mg) plus binimetinib. Following
recommended phase 2 doses (RP2D) determination, patients were
enrolled in one of three phase II cohorts described previously.

For the purpose of scheduling and evaluations, a treatment cyclewas
defined as 28 days. Radiological assessment was performed by the
investigator prior to cycle 2, cycle 3, and before every subsequent odd
numbered cycle; clinical response was classified according to RECIST
version 1.1 (RECIST v1.1).

Safety parameters were regularly assessed, and included hematol-
ogy, blood chemistry, urinalysis, vital signs, physical examination, and
body weight. Echocardiography was performed at baseline and every
third cycle. Dermatology assessments were performed at baseline and
every other cycle to monitor for the appearance of squamous cell
carcinoma or keratoacanthomas. Extensive ocular toxicity monitoring
was performed with full ophthalmologic examinations at screening,
cycle 1 day 15, cycle 2 day 1, cycle 2 day 15, day 1 of all subsequent
cycles, and at the end of the trial. These examinations included slit-
lamp examination, visual acuity testing, visual field testing (intraocular
pressure), optical coherence tomography, and indirect fundoscopy
(with dilation) with attention to retinal abnormalities (especially
central serous retinopathy and retinal vein occlusion). For patients
with clinical suspicion of retinal changes, additional fluorescein
angiography and/or focal electroretinogram (when feasible) assess-
ments were recommended at the treating physician's discretion.
Adverse events (AEs) were monitored until 30 days after the last
dose of study drug.

Archived tissue was provided for every patient. Expanded genotyp-
ing was performed centrally on all patients in collaboration with
Foundation Medicine. Correlation between mutation status and
response per RECIST v1.1 was reported.

Outcomes
The primary objective of the phase Ib part of the study was to

estimate the MTD) and/or RP2D in patients with solid tumors

Translational Relevance

This phase Ib/II study showed encouraging activity for the
encorafenib plus binimetinib combination with predictable toxic-
ity. The tolerable dose and exposure of encorafenib are higher in
combination than as a single agent. Relative to other BRAFi plus
MEKi regimens, the safety profile of the combination consistent,
with several key differences, including lower rates of dose-limiting
pyrexia, arthralgia, and photosensitivity. Data presented here
formed the foundation for encorafenib plus binimetinib phase III
studies in melanoma (COLUMBUS) and colorectal cancer
(BEACON CRC) in patients with BRAF V600E mutations, which
have both now reported positive results.

Encorafenibþbinimetinib in BRAF-mutant Solid Tumors
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harboring a BRAFV600 mutation. Objective response rate (ORR) was
assessed as per RECIST v1.1 as a secondary endpoint. Primary end-
points for the phase II part of the study were disease control rate [DCR;
defined as best overall response of either a complete response (CR),
partial response (PR), or stable disease (SD)] for arm 1 (patients with
mCRC) andORR for arm2 and arm3 (all assessments utilizedRECIST
v1.1). Secondary endpoints for the phase II part of the study included
progression-free survival (PFS), time to response, duration of response
(all assessed as per RECIST v1.1) and overall survival (OS). Safety and
tolerability of the combination were assessed in both the phase Ib and
phase II parts of the study. AEswere described using theNCICommon
TerminologyCriteria forAdverse Events version 4.0. For the safety and
therapeutic activity analyses, data from patients receiving encorafenib
400mg once daily plus binimetinib 45mg twice daily were pooled with
those receiving encorafenib 450 mg once daily plus binimetinib 45 mg
twice daily; analyses on the data from patients in the encorafenib
600 mg once daily plus binimetinib 45 mg twice daily group included
patients who both were and were not deescalated to 450 mg.

Pharmacokinetics
For phase Ib and a subset of patients in phase II, the single and

multiple dose plasma concentration-time profiles of encorafenib,
binimetinib, and a metabolite of binimetinib were assessed on days
1 and 15, respectively. On both days, samples in the phase Ib portion
were collected predose, 0.5, 1.5, 2.5, 4, 6, 8, and 24 hours postdose.

Similar sampling in the phase IIwas conducted, relative to the phase Ib,
with the exception of a 5-hour postdose sample being collected in lieu
of the 4 and 6 hours postdose samples.

Analysis of the samples for binimetinib and encorafenib was
performed by QPS and Novartis, respectively, and were validated
under good laboratory practice conditions. Plasma samples for
binimetinib were spiked with internal standard and extracted from
plasma using solid-phase extraction cartridges. Samples for bini-
metinib were subsequently eluted, evaporated to dryness and
reconstituted. Plasma samples for encorafenib were spiked with
internal standard and precipitated. Samples for encorafenib were
subsequently eluted from solid-phase extraction cartridges, evap-
orated to dryness and reconstituted. Both binimetinib and encor-
afenib concentrations in reconstituted samples were determined by
reverse-phase high-performance liquid chromatography with MS/
MS. The lower limit of quantitation for binimetinib and encor-
afenib was 5 ng/mL and 1 ng/mL, respectively. The upper limit of
quantitation for binimetinib and encorafenib was 1,000 ng/mL and
5,000 ng/mL, respectively.

Pharmacokinetic (PK) parameter estimates were generated using
standard noncompartmental approaches. Results were summarized
using descriptive statistics. Encorafenib dose proportionality and
accumulation across all cohorts (including intraindividual variability)
was assessed using a mixed-effects analysis of log-transformed expo-
sures (AUCtau and Cmax).

Table 1. Baseline patient and disease characteristics for phase Ib portion of study.

Encorafenib
50 mg qd
plus
binimetinib
45 mg b.i.d.

Encorafenib
100 mg qd
plus
binimetinib
45 mg b.i.d.

Encorafenib
200 mg qd
plus
binimetinib
45 mg b.i.d.

Encorafenib
400 mg qd
plus
binimetinib
45 mg b.i.d.

Encorafenib
450 mg qd
plus
binimetinib
45 mg b.i.d.

Encorafenib
600 mg qd
plus
binimetinib
45 mg b.i.d.

Encorafenib
800 mg qd
plus
binimetinib
45 mg b.i.d.

All
patients

(n ¼ 6) (n ¼ 5) (n ¼ 4) (n ¼ 5) (n ¼ 13) (n ¼ 8) (n ¼ 6) (N¼ 47)

Age (years)
Median 60.5 54.0 44.0 40.0 49.0 52.5 61.0 54.0
Minimum 33 48 30 33 24 25 26 24
Maximum 75 66 58 70 89 74 65 89

Sex, n (%)
Female 2 (33) 3 (60) 4 (100) 1 (20) 5 (39) 3 (38) 4 (67) 22 (47)
Male 4 (67) 2 (40) 0 4 (80) 8 (62) 5 (63) 2 (33) 25 (53)

Predominant race, n (%)
Caucasian 4 (67) 5 (100) 2 (50) 5 (100) 12 (92) 8 (100) 6 (100) 42 (89)
Black 0 0 0 0 0 0 0 0
Asian 2 (33) 0 2 (50) 0 1 (8) 0 0 5 (11)

Ethnicity, n (%)
Hispanic/Latino 0 0 0 0 0 0 0 0
Not Hispanic or Latino 6 (100) 5 (100) 4 (100) 5 (100) 13 (100) 8 (100) 6 (100) 47 (100)

ECOG performance status, n (%)
0 4 (67) 2 (40) 1 (25) 1 (20) 7 (54) 4 (50) 6 (100) 25 (53)
1 2 (33) 3 (60) 3 (75) 4 (80) 6 (46) 4 (50) 0 22 (47)

Primary site of cancer, n (%)
Chest wall 0 0 0 0 1 (8) 0 0 1 (2)
Choroid plexus 0 1 (20) 0 0 0 0 0 1 (2)
Colon 0 0 1 (25) 1 (20) 2 (15) 2 (25) 0 6 (13)
Lung 0 0 0 0 1 (8) 0 1 (17) 2 (4)
Melanoma unknown
primary

0 1 (20) 0 0 0 1 (13) 0 2 (4)

Skin 4 (67) 3 (60) 3 (75) 4 (80) 9 (69) 4 (50) 5 (83) 32 (68)
Thyroid gland 2 (33) 0 0 0 0 1 (13) 0 3 (6)

Abbreviations: b.i.d., twice daily; qd, once daily.
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Statistical analysis
For demographic and baseline characteristics as well as activity and

safety observations, continuous variables are summarized as medians
and ranges, while categorical variables are expressed as frequencies and
percentages. An adaptive Bayesian logistic regressionmodel guided by
the escalation with overdose control principle was used to guide dose
escalation and estimate the MTD. The dose-escalation phase was
continued until the MTD and/or RP2D was determined. The best
overall response, ORR, and DCR are provided. Median PFS values
were estimated using the Kaplan–Meier method and reported with
corresponding 95% confidence intervals (CIs).

For phase Ib, at least 18 patients were expected to be treated in the
dual combination dose-escalation part of the study for the model to
have reasonable operating characteristics relating to its MTD recom-
mendation. For phase II, the sample size was based on the probability
of correctly declaring the activity. For arm1 in phase II, a sample size of
28 patients was estimated to provide an 85.2% probability to correctly
declare activity if the trueDCR is 40%, and a 9% probability of wrongly
declaring activity if the true DCR is 20%. A sample size of 41 patients
was estimated for arm 2 to provide a 73.9% probability to correctly
declare activity if the true ORR is 20%, and a 11% probability of
wrongly declaring activity if the true ORR is 10%. For arm 3, a sample
size of 40 patients was estimated to provide a 92.3% probability to
correctly declare activity if the true ORR is 50%, and a 11.5%
probability of wrongly declaring activity if the true ORR is 30%.

Results
Patients characteristics

Between May 30, 2012 and February 11, 2014 (data cut-off August
31, 2015), 47 patients were enrolled to seven dose-escalation cohorts.
The majority of the patients in phase Ib had melanoma [36 patients
(77%)] and had received prior antineoplastic therapy [41 patients
(87%)], including 28 patients who received a BRAFi. Baseline char-
acteristics of patients in the phase Ib portion of the study are
summarized in Table 1.

In the phase II portion of the study, a total of 79 patients received
dual combination therapy andwere grouped as follows: arm1 [patients
with mCRC (N ¼ 11)], arm 2 [prior BRAFi-treated patients with
melanoma (N ¼ 26)], and arm 3 [BRAFi-naïve patients with mela-
noma (N ¼ 42)]. Across patient populations, a total of 64 patients
received 600 mg once daily as the starting encorafenib dose and 15
patients received 450 mg once daily as the starting encorafenib dose.
Baseline characteristics of patients in the phase II portion of the study
are summarized in Supplementary Table S1. In addition, the baseline
characteristics for the 55 patients with BRAFi-naïve BRAF-mutant
melanoma enrolled overall in both study phases are provided in the
Supplementary Information (Supplementary Table S2).

MTD and RP2D Determination
Only one patient (2%) across all cohorts investigated experienced a

DLT, which occurred in a patient receiving 800-mg encorafenib and
45-mg binimetinib (nonserious AE of grade 3 arthritis). TheMTDwas
defined as 600-mg encorafenib daily plus 45-mg twice daily of bini-
metinib. Following the phase Ib part of the trial, two RP2Ds for the
phase II part were established: encorafenib 600 mg once daily plus
binimetinib 45mg twice daily, and encorafenib 450mg once daily plus
binimetinib 45 mg twice daily. A total of 64 patients received 600 mg
once daily as the starting encorafenib dose and 15 patients received
450 mg once daily as the starting encorafenib dose. Early-onset renal
insufficiency (grade 3 creatinine increase) was observed in threeTa
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patients with melanoma (two with preexisting conditions that could
be associated with renal insufficiency) at the higher encorafenib
dose level (600 mg once daily), leading to a decision to no longer
treat patients at this dose. All subsequent patients in phase II were
started at 450 mg once daily, and all ongoing patients on the higher
encorafenib dose were dose reduced to 450 mg once daily in
combination with their current binimetinib dose. A summary of
the most common treatment-related AEs across phase Ib cohorts is
summarized in Table 2.

PK
Cycle 1, day 15 steady-state PK results for encorafenib and bini-

metinib across phase Ib cohorts are summarized in Table 3. Encor-
afenib was rapidly absorbed with a median Tmax that ranged from 1.5
to 2.5 hours across cohorts at day 15. Plasma AUCs and Cmax of
encorafenib increased in a slightly less than dose-proportional manner
as the encorafenib dose increased from 50 to 800 mg on day 15.

Variability of PK exposure parameters for encorafenib was moderate
to high with coefficient of variation (%CV) geometric values for AUC
over the dosing interval (AUCtau) of approximately 59% for the
450-mg encorafenib plus 45-mg binimetinib cohort (N ¼ 13).
Variability of Cmax was similar to each cohort's steady-state AUCtau.
Across all cohorts, intrasubject CV for encorafenib was 36% for
AUCtau. After reaching Cmax, encorafenib concentrations rapidly
declined and the geometric mean half-life was similar across different
encorafenib doses, ranging from 2.88 hours on day 1 to 4.63 hours on
day 15. The geometric mean accumulation ratio ranged from 0.294 to
0.811 across dose levels, indicating a decrease in exposure of encor-
afenib after multiple doses, likely due to metabolic autoinduction of
encorafenib.

There were no distinct trends for increasing or decreasing
binimetinib Cmax or AUC values with increasing doses of encor-
afenib over the entire encorafenib dose range, suggesting no drug
interaction effect by encorafenib on the PK of binimetinib. These

Table 3. Phase Ib steady-state PK estimates for encorafenib and binimetinib (cycle 1, day 15).

Encorafenib
Binimetinib

(fixed: 45 mg twice daily)

N

Dose
(mg once
daily)

Cmax

(mg/mL)
Tmax

(h)
AUCtau

(h�mg/mL)
Ctrough

(ng/mL)
t1/2
(h)

Cmax

(mg/mL)
Tmax

(h)
AUCtau

(h�mg/mL)
Ctrough
(ng/mL)

t1/2
(h)

6 50 0.5 (76) 1.5 (0.5, 1.5) 2.3 (59) 6.1 (81) 4.6 (25) 0.6 (41) 1.5 (0.5, 2.5) 2.7 (50) 88.8 (38) 4.6 (31)
5 100 1.1 (34) 2.5 (1.5, 2.7) 5.4 (27) 11.8 (36) 4.5 (9) 0.5 (49) 1.5 (0.5, 1.6) 2.5 (38) 92.2 (55) 4.7 (30)
4 200 1.1 (19) 2.0 (1.5, 2.5) 4.5 (38) 11.7 (18) 4.2 (30) 0.5 (92) 2.0 (1.5, 2.5) 2.3 (92) 59.1 (76) 3.3 (NE)
5 400 3.6 (35) 1.5 (1.5, 1.7) 10.1 (21) 15.4 (35) 4.2 (17) 0.5 (85) 1.5 (1.5, 1.7) 1.9 (59) 42.3 (49) 4.0 (39)
13 450 3.8 (63) 1.5 (0.5, 2.6) 13.9 (59) 13.9 (82) 3.5 (17) 0.6 (39) 1.6 (0.5, 2.6) 2.4 (34) 51.4 (42) 3.5 (29)
8 600 7.0 (123) 2.0 (0.5, 2.5) 23.2 (69) 20.4 (76) 3.4 (7) 0.7 (52) 1.5 (0.5, 2.7) 2.2 (68) 35.9 (123) NE (NE)
6 800 6.1 (47) 1.5 (0.5, 4.0) 23.8 (28) 13.0 (74) 3.2 (15) 0.7 (28) 2.1 (0.5, 2.5) 2.5 (20) 41.8 (42) 2.9 (5)

Note: Geo-mean (CV% geo-mean) values were reported for the parameters. Median (minimum, maximum) presented for Tmax.

Abbreviations: h, hours; NE, not estimable.

Table 4. Efficacy in phase Ib as defined by RECIST v1.1.

Phase Ib
Encorafenib
50 mg qd plus
binimetinib
45 mg b.i.d.

Encorafenib
100 mg qd plus
binimetinib
45 mg b.i.d.

Encorafenib
200 mg qd plus
binimetinib
45 mg b.i.d.

Encorafenib
400 mg qd plus
binimetinib
45 mg b.i.d.

Encorafenib
450 mg qd plus
binimetinib
45 mg b.i.d.

Encorafenib
600 mg qd plus
binimetinib
45 mg b.i.d.

Encorafenib
800 mg qd plus
binimetinib
45 mg b.i.d.

(n ¼ 6) (n ¼ 5) (n ¼ 4) (n ¼ 5) (n ¼ 13) (n ¼ 8) (n ¼ 6)

CRa, n (%) 1 (17) 1 (20) 0 0 1 (8) 0 1 (17)
PRa, n (%) 3 (50) 1 (20) 1 (25) 2 (40) 6 (46) 3 (38) 2 (33)
CRb, n (%) 1 (17) 1 (20) 0 0 1 (8) 0 1 (17)
PRb, n (%) 3 (50) 1 (20) 1 (25) 2 (40) 6 (46) 2 (25) 2 (33)
SD, n (%) 2 (33) 3 (60) 0 1 (20) 5 (39) 3 (38) 2 (33)
PD, n (%) 0 0 2 (50) 1 (20) 1 (8) 3 (38) 1 (17)
Unknown, n (%) 0 0 1 (25) 1 (20) 0 0 0
ORR, n (%) 4 (67) 2 (40) 1 (25) 2 (40) 7 (54) 2 (25) 3 (50)
(95% CI)b,c (22–96) (5–85) (1–81) (5–85) (25–81) (3–65) (12–88)
DCR, n (%) 6 (100) 5 (100) 1 (25) 3 (60) 12 (92) 5 (63) 5 (83)
(95% CI)b,c (54–100) (48–100) (1–81) (15–95) (64–100) (25–92) (36–100)

Abbreviations: b.i.d., twice daily; CIs, confidence intervals, CR, complete response; DCR, disease control rate; ORR, overall response rate; PD, progressive disease;
PR, partial response; qd, once daily; SD, stable disease.
aResponse confirmation is not required.
bResponse confirmation is required.
cEstimate (95% CI) for ORR and DCR were obtained using exact binomial CIs.
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results indicate that binimetinib exposure is likely unaffected by
coadministration with encorafenib. The variability in exposure
was moderate (34% CV for AUCtau in the 450-mg encorafenib
cohort) as observed in previous single-agent binimetinib studies.
Across all cohorts, intrasubject CV for binimetinib was 28% for
AUCtau. The terminal half-life (t1/2) of binimetinib ranged from
2.9 to 4.7 hours across encorafenib dose groups. In addition, little
to no binimetinib accumulation was observed, a result that is
consistent with that observed following single-agent binimetinib
administration (29).

Therapeutic activity
In the phase Ib study, the confirmed ORR was 54% (seven of 13

patients; 95% CI, 25–81) for patients in the encorafenib 450-mg plus
binimetinib 45-mg group and 25% (two of eight patients; 95% CI, 3–
65) for patients in the encorafenib 600-mg plus binimetinib 45-mg
group. Confirmed responses were observed in every dose cohort
below the RP2D, with ORR ranging from 25% (encorafenib 200-mg
plus binimetinib 45-mg cohort; n ¼ 4; 95% CI, 1–81) to 67%
(encorafenib 50-mg plus binimetinib 45-mg cohort; n ¼ 6; 95%
CI, 22–96). A summary of the efficacy results from phase Ib can be
found in Table 4.

A summary of the efficacy results for the phase II cohorts, as well as
the pooled BRAFi-naïve melanoma patient population from the phase
Ib and phase II parts of the study can be found in Supplementary
Table S3.

BRAFi previously treated, BRAF-mutant melanoma cohort
A total of 26 patients were enrolled into the BRAFi previously

treated, BRAF-mutant melanoma cohort. Confirmed best response,
per RECIST v1.1 was as follows: one patient had a CR, 10 had a
confirmed PR, eight had SD, four had progression of disease (PD), and
three patients’ best response was unknown. The ORR was 42% (95%
CI, 23–63) and DCR, defined as best response of CR, PR, and SD, was
73% (95% CI, 52–88).

BRAF-mutant CRC cohort
Eleven patients were enrolled in theBRAF-mutant CRC cohort. Best

response, per RECISTwas as follows: two had a confirmed PR, five had
SD, three hadPD, and onewas unknown. The overall response ratewas
18% (95% CI, 2–52) and DCR was 64% (95% CI, 31–89).

BRAFi-naïve BRAF-mutant melanoma phase Ib and II patients
A total of 55 patients with BRAFi-naive, BRAF-mutant mel-

anoma were enrolled overall in both study phases (Supplemen-
tary Table S2). At the time of data cut-off, 11/55 (20%) patients
were still ongoing. Forty of 55 patients (73%; 95% CI, 59–84)
achieved an objective response (Supplementary Table S3). The
maximal tumor volume reduction shows that all but one patient
had initial disease regression on imaging (Fig. 1). Response was
observed across all doses (Fig. 1A) and in patients with both
visceral and untreated brain metastases (Fig. 1B and C). Per
RECIST v1.1, the numbers of patients with confirmed CR and
PR by investigator assessment were 6/55 (11%) and 34/55 (62%),
respectively. The DCR was 53/55 (96%; 95% CI, 88–100). Two
patients had a best response defined as progressive disease
(Supplementary Table S3).

The median PFS was 11.0 months (95% CI, 6.8–14.6). In patients
with lactate dehydrogenase (LDH) levels ≤ULN, the median PFS was
20.4 months (95%CI, 11.0–not estimable), whereas the median PFS in
patients with LDH levels >ULN was 6.8 months (95% CI, 4.4–11.3).

Figure 2 shows the Kaplan–Meier curves for all patients (Fig. 1D) and
according to LDH stratification (Fig. 2E).

Phase II safety
The median exposure to the dual combination for phase II part

of the study was 5.5 months (range, 0.2–20.4 months) in the mCRC
population, 4.3 months (range, 0.2–23.2 months) in the prior BRAFi
melanoma population, and 11.1 months (range, 0.8–26.4 months) in
the BRAFi-naïve melanoma population. More than half of all patients
in phase II [44 patients (56%)] had an exposure of greater than
6 months. The median relative dose intensity for all patients in phase
II was 94% for 400 encorafenib and 98% for binimetinib and was
proportional to the dose administered across the assigned treatment
groups, ranging from 38 to 102 mg/day for encorafenib and 14 to
100 mg/day for binimetinib. The relative dose intensity for majority of
patients was ≥90% [43 patients (54%) for the encorafenib part of the
dose and 51 patients (65%) for the binimetinib part of the dose].

All 79 (100%) patients in phase II reported at least one AE and 77
patients (98%) reported at least one treatment-related AE. Table 5
reports themost commonAEs in each of the phase II cohorts. Diarrhea
was the most frequently reported AE in the mCRC population [eight
patients (73%)] and the prior BRAFi melanoma population [14
patients (54%)] while nausea was the most frequently reported AE
in the BRAFi-naïve melanoma population [20 patients (48%)], with a
similar proportion of patients reporting nausea in the other patient
populations. Vomiting was also a frequently reported event for all
populations with six patients (55%) reporting the event in the mCRC
population, nine patients (35%) in the prior BRAFi melanoma pop-
ulation and 14 patients (33%) in the BRAFi-naïve melanoma popu-
lation. During phase II for all patients, the most frequently reported
grade 3 or 4 AEs were ALT increased for seven patients (9%) and the
following AEs for six patients (8%) each: anemia, aspartate amino-
transferase (AST) increased, blood CPK increased, and lipase
increased. In general, the frequency of grade 3 or 4 AEs was lower
in the mCRC population.

All 79 patients in phase II experienced at least one AE of special
interest (AESI) of any grade (i.e., AEs that are specific clinical interest
in connection with binimetinib and/or encorafenib, based on the
mechanism of action). The most frequently reported AESIs (>20%
of patients) regardless of grade were fatigue in 24 patients (30%),
diarrhea in 41 patients (52%), nausea in 37 patients (47%), vomiting in
29 patients (37%), constipation in 20 patients (25%), increased AST in
20 patients (25%), increased ALT in 18 patients (23%), increased blood
CPK in 19 patients (24%), blurred vision in 16 patients (20%), and
retinopathy in 17 patients (22%).Most of theAESIs were reportedwith
a severity of grade 1 or 2.

Seven patients (9%) experienced AEs that resulted in permanent
discontinuation of study treatment during the phase II part of the
study. AEs leading to discontinuation were acute kidney injury and
hypercreatininemia [two patients (3%)], blood CPK increased and
hypercreatinemia [two patients (3%)], ALT increased, AST increased,
myocardial infarction, pain in extremity, and peripheral neuropathy
[all others: one patient (1%) each]. Thirty-nine patients (49%) expe-
rienced AEs that resulted in a dose adjustment or interruption during
the phase II part of the study. The proportion of AEs reported for
patients in the BRAFi-naïvemelanoma population [23 (55%) patients]
was comparable with that reported for patients in the prior BRAFi
melanoma population [11 (42%) patients] and mCRC population
[five (46%) patients]. The most common AEs (reported by >2 patients
across all patient populations) leading to dose adjustment or interrup-
tion were ALT increased, amylase increased, anemia, AST increased,
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blood alkaline phosphatase increased, blood CPK increased, diarrhea,
fatigue, hypercreatininemia, lipase increased, nausea, vomiting, pyrexia,
and retinopathy. Notably, there appears to be higher rate of total and
grade 3 toxicities in the dose-expansion cohorts than was seen in dose
escalation (Table 2).

Discussion
We present the dose-escalation data from the phase Ib study

of encorafenib and binimetinib that includes toxicity, therapeutic

activity, and pharmacokinetic data. In addition, we provide the first
description of the therapeutic activity data from the phase II cohorts of
patients with BRAF-mutant mCRC and patients with BRAF-mutant
metastatic melanoma, for both patients treated and not previously
treated with BRAFis. Following the completion of this study, the
COLUMBUS trial in patients with BRAFV600-mutant melanoma and
BEACON CRC study in patients with BRAF V600E mCRC were
launched and completed, building on the foundation of safety data
from this trial and establishing efficacy with encorafenib and binime-
tinib regimens.

Figure 1.

A, Waterfall plot of best percentage change from baseline in the analysis set for response for patients with BRAFi-naïve, BRAF-mutant melanoma. B, Scan of
previously untreated 70-year-old patient with recurrent and metastatic melanoma before treatment (March 17, 2013). C, Scan of same patient after 11 months of
treatment with encorafenib 450 mg once daily plus binimetinib 45 mg twice daily (February 12, 2014). (Continued on the following page.)
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Figure 1.

(Continued. ) Kaplan–Meier estimates of PFS in all patients with BRAFi-naïve, BRAF-mutant melanoma (D) and according to LDH stratification (E). b.i.d., twice daily;
CR, complete response; PD, progressive disease; PR, partial response; qd, once daily; SD, stable disease; LDH, lactate dehydrogenase; NE, not estimable; PFS,
progression-free survival; ULN, upper limit of normal.
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A number of important observations are presented. The first is that
the combination of encorafenib and binimetinib has a safety profile
that is consistent with other BRAF-MEK inhibitor combinations,
but with several key differences. General toxicities such as nausea,
diarrhea, and fatigue were common, and BRAFi- and MEKi-related
AEs, such as secondary malignancies (BRAFi), hand–foot syndrome
(BRAFi; ref. 5), retinopathy (MEKi; ref. 30), and decreased ejection
fraction (MEKi; ref. 31) were observed at expected rates. As has
been observed previously (12, 13), the rates of pyrexia and photo-
sensitivity were lower than expected on the basis of previous studies
for dabrafenib plus trametinib and vemurafenib plus cobimetinib,
respectively (20, 32).

At the completion of the dose-escalation portion of the study, two
dose levels, encorafenib 600mg once daily and 450mg once daily (both
in combination with binimetinib 45 mg twice daily), were identified as
tolerable and included an encorafenib dose that was higher than the
MTD of single-agent encorafenib. For this reason, both were consid-
ered to be possible RP2D, although the initial enrollment of the dose-
expansion cohorts was at the encorafenib 600-mg dose level until the 3
patients developed otherwise unexplained acute kidney injury, which
subsequently was not seen at the lower dose levels in the dose-
expansion cohorts. Importantly, the efficacy and safety data from this
phase Ib/II study informed the dose and regimen for two phase III
studies evaluating encorafenib plus binimetinib regimens utilizing the
encorafenib 450-mg dose. In the COLUMBUS study, the combination
of encorafenib plus binimetinib has demonstrated clinical activity and
tolerability in patients with BRAF V600–mutated metastatic melano-
ma (12, 13, 22), leading to regulatory approvals starting in 2018. In
addition, theBEACONCRCstudy demonstrated that the combination
of the EGFR inhibitor cetuximab with encorafenib and binimetinib
improved OS relative to the current standard-of-care in patients with
BRAF V600–mutated mCRC (27).

In conclusion, this phase Ib/II study showed encouraging activity
for the encorafenib plus binimetinib combination with expected
toxicity. The tolerable dose and exposure of encorafenib are higher
in combination than as a single agent in previous studies. Lower
rates of dose-limiting pyrexia, arthralgia, and photosensitivity
relative to published data from other BRAFi plus MEKi regimens,
is another distinguishing feature of the encorafenib plus binimetinib
combination.
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BRAF V600–mutant
mCRC

BRAF-mutant melanoma
progressed post
BRAF inhibitor

BRAF-mutant melanoma
no prior BRAF inhibitor

(n ¼ 11) (n ¼ 26) (n ¼ 42)
All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3/4
n (%) n (%) n (%) n (%) n (%) n (%)
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Abbreviation: AST, aspartate aminotransferase.
aAdverse events occurring in ≥25% in all patients in phase II.
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