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abstract

PURPOSE Combination treatment with BRAF and MEK inhibitors has demonstrated benefits on progression-free
survival (PFS) and overall survival (OS) and is a standard of care for the treatment of advanced BRAF V600–
mutant melanoma. Here, we report the 5-year update from the COLUMBUS trial (ClinicalTrials.gov identifier:
NCT01909453).

METHODS Patients with locally advanced unresectable or metastatic BRAF V600–mutant melanoma, untreated
or progressed after first-line immunotherapy, were randomly assigned 1:1:1 to encorafenib 450 mg once daily
plus binimetinib 45 mg twice daily, vemurafenib 960 mg twice daily, or encorafenib 300 mg once daily. An
updated analysis was conducted 65 months after the last patient was randomly assigned.

RESULTS Five hundred seventy-seven patients were randomly assigned: 192 to encorafenib plus binimetinib,
191 to vemurafenib, and 194 to encorafenib. The 5-year PFS and OS rates with encorafenib plus binimetinib
were 23% and 35% overall and 31% and 45% in those with normal lactate dehydrogenase levels, respectively.
In comparison, the 5-year PFS and OS rates with vemurafenib were 10% and 21% overall and 12% and 28% in
those with normal lactate dehydrogenase levels, respectively. Themedian duration of response with encorafenib
plus binimetinib was 18.6 months, with disease control achieved in 92.2% of patients. In comparison, the
median duration of response with vemurafenib was 12.3 months, with disease control achieved in 81.2% of
patients. Long-term follow-up showed no new safety concerns, and results were consistent with the known
tolerability profile of encorafenib plus binimetinib. Interactive visualization of the data presented in this article is
available at COLUMBUS dashboard.

CONCLUSION In this 5-year update of part 1 of the COLUMBUS trial, encorafenib plus binimetinib treatment
demonstrated continued long-term benefits and a consistent safety profile in patients with BRAF V600–mutant
melanoma.
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INTRODUCTION

Approximately 50% of melanomas contain BRAF V600
mutations, which constitutively activate the mitogen-
activated protein kinase pathway, driving cellular prolif-
eration and disease progression.1,2 Combination treat-
ment with BRAF andMEK inhibitors (BRAFi andMEKi) is
now the standard of care for treatingBRAF V600–mutant
locally advanced or metastatic melanoma. Currently,
guidelines include three combinations of BRAFi1MEKi:
encorafenib plus binimetinib, vemurafenib plus cobi-
metinib, and dabrafenib plus trametinib.3-7

In phase III trials, vemurafenib plus cobimetinib and
dabrafenib plus trametinib have demonstrated 5-year
progression-free survival (PFS) rates of 14%-19% and
overall survival (OS) rates of 31%-34%.8,9 Encorafenib
plus binimetinib was evaluated in a phase Ib/II trial
(ClinicalTrials.gov identifier: NCT01543698) and in
the phase III COLUMBUS trial (ClinicalTrials.gov
identifier: NCT01909453).10-12 Encorafenib is a highly
selective ATP-competitive BRAFi.13 Its long dissocia-
tion half-life may allow for sustained target inhibition,
enhanced antitumor activity, and reduced paradoxical

ASSOCIATED
CONTENT

See accompanying
editorial on
page 4161

Appendix

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on May 13,
2022 and published at
ascopubs.org/journal/
jco on July 21, 2022:
DOI https://doi.org/10.
1200/JCO.21.02659

4178 Volume 40, Issue 36

https://www.clinicaltrials.gov/ct2/show/NCT01909453
https://www.clinicaltrials.gov/ct2/show/NCT01543698
https://www.clinicaltrials.gov/ct2/show/NCT01909453
http://ascopubs.org/doi/full/10.1200/JCO.22.01066
https://ascopubs.org/doi/suppl/10.1200/JCO.21.02659
http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.21.02659
http://ascopubs.org/doi/full/10.1200/JCO.21.02659


activation of mitogen-activated protein kinase pathways in
normal tissues.13-16 Binimetinib is a potent, allosteric, ATP-
uncompetitive, selectiveMEKi with a short half-life, whichmay
help to rapidly resolve toxicity after dose interruption.10,17

Previously, we reported results from part 1 of COLUMBUS,
which compared encorafenib plus binimetinib with mon-
otherapy with vemurafenib or encorafenib.11,18-21 Com-
pared with vemurafenib, encorafenib plus binimetinib
extended PFS (14.9 v 7.3 months; hazard ratio [HR], 0.51;
95% CI, 0.39 to 0.67) and median OS (33.6 v 16.9 months;
HR, 0.61; 95% CI, 0.48 to 0.79; median follow-up for OS,
48.8 months).20 The combination was generally well tol-
erated; the rate of discontinuation was low (10% v 14%with
vemurafenib); the burden of toxicity decreased with a
longer treatment duration.20 Encorafenib plus binimetinib
treatment also improved quality of life; compared
with vemurafenib, postbaseline scores were 3.03 points
higher (P , .0001) for FACT-M and 5.28 points higher
(P 5 .0042) for EORTC QLQ-C30.21 In this 5-year updated
analysis of COLUMBUS part 1, we assessed long-term
efficacy and safety outcomes with encorafenib plus bini-
metinib in patients with unresectable or metastatic BRAF
V600–mutant melanoma.

METHODS

Study Design and Participants

The study design and patient eligibility criteria have been
published.11,18,19 Briefly, COLUMBUS (ClinicalTrials.gov
identifier: NCT01909453) was a two-part, multicenter,
randomized, open-label, phase III trial. Patients with locally
advanced unresectable or metastatic BRAF V600–mutant
melanoma who were untreated or whose cancer had
progressed after first-line immunotherapy were enrolled
between December 30, 2013, and April 10, 2015. In part 1
of COLUMBUS, patients were randomly assigned 1:1:1 to

encorafenib 450 mg once daily plus binimetinib 45 mg
twice daily, vemurafenib 960mg twice daily, or encorafenib
300 mg once daily. Random assignment was stratified by
American Joint Committee on Cancer stage (IIIB, IIIC,
IVM1a, IVM1b, or IVM1c), Eastern Cooperative Oncology
Group (ECOG) performance status (0 or 1), and BRAF
mutation (V600E or V600K; before Protocol amendment 2
[December 20, 2013]) or use of previous first-line immu-
notherapy (yes or no; after Protocol amendment 2). Pa-
tients received study treatment until disease progression
(assessed by central review), death, unacceptable toxic
effects, or withdrawal of consent. Dose adjustments were
based on tolerability and adverse events (AEs).11 Inde-
pendent ethics committees or review boards at each study
site approved the study Protocol (online only) and
amendments. Conduct of the study conformed with Good
Clinical Practice guidelines and the ethical requirements
outlined in the Declaration of Helsinki. Written informed
consent was obtained from all patients before screening
procedures were initiated.

Study End Points

Updated analyses were conducted 65 months after the last
patient was randomly assigned (data cutoff: September 15,
2020) for outcomes of PFS, OS, objective response rate
(ORR), poststudy anticancer therapy, safety, and tolera-
bility. In addition, PFS and OS were analyzed in subgroups,
including prognostic subgroups related to lactate dehy-
drogenase (LDH) levels and number of organs involved as
identified previously by Long et al22 and Hauschild et al.23

Outcome definitions and details of efficacy and safety
assessments have been published.11,18,19

Statistical Analysis

Efficacy end points were assessed in the intent-to-treat
population (defined as randomly assigned patients).

CONTEXT

Key Objective
Combination treatment of BRAF plus MEK inhibitors is now the standard of care for treating BRAF V600–mutant locally

advanced or metastatic melanoma. In previously reported results of the COLUMBUS trial, encorafenib plus binimetinib
extended progression-free survival and median overall survival, improved quality of life, and was well tolerated with a low
discontinuation rate. This 5-year updated analysis assessed long-term efficacy and safety outcomes with encorafenib
plus binimetinib in patients with unresectable or metastatic BRAF V600–mutant melanoma.

Knowledge Generated
Long-term results from the COLUMBUS trial indicate continuous benefits of encorafenib plus binimetinib and confirmed

previous reports of prolonged progression-free survival and overall survival compared with vemurafenib monotherapy,
consistent with those reported from other BRAF plus MEK inhibitor combinations. The burden of toxicity decreasing over
time with long-term safety is consistent with previous observations.

Relevance
This 5-year update of COLUMBUS demonstrates the long-term benefits of encorafenib plus binimetinib in patients with

unresectable or metastatic BRAF V600–mutant melanoma.
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Median durations of follow-up for OS and PFS were esti-
mated by reverse Kaplan-Meier analysis. The Kaplan-Meier
method was used to estimate rates of OS and PFS. Sub-
group analyses of baseline variables and potential prog-
nostic factors, including previous immunotherapy, were
also specified. Because of the hierarchical testing proce-
dure used during this study, the analyses presented here
are descriptive. HRs were estimated using Cox proportional
hazard regression models and presented along with 95%
CIs. Safety assessments and poststudy anticancer therapy
data were summarized descriptively. The safety analysis set
included all patients who received at least one dose of study
treatment and had one postbaseline safety assessment.20

Exposure-adjusted incidence rate (EAIR; per 100 patient-
months of exposure to study treatment) was calculated for
each AE as the number of patients experiencing the AE
divided by the total exposure time at risk for the AE. Ex-
posure time was the treatment duration for patients not
experiencing the event and treatment duration up to the
time of first onset of the AE for those experiencing the
event.19 AEs of interest for encorafenib plus binimetinib
were summarized by the time of onset (median and 95%
CI). Detailed information on statistical analyses has been
reported.11,18

RESULTS

Patients

COLUMBUS part 1 randomly assigned 577 patients: 192 to
encorafenib plus binimetinib, 191 to vemurafenib, and 194
to encorafenib (Appendix Fig A1, online only). Baseline
characteristics were similar among treatment arms (Ap-
pendix Table A1, online only). Overall, 27% of patients had
elevated LDH levels; 45% had $ 3 organs involved. At the
time of data cutoff, treatment was ongoing in 41 patients
(Table 1). Among patients treated with encorafenib plus
binimetinib, 55% discontinued treatment primarily

because of progressive disease; 12% discontinued pri-
marily because of AEs.

Efficacy

The median follow-up for PFS was 40.8 months. Median
PFS in all arms was consistent with previously reported
values (Fig 1). The median PFS was 14.9 months (95% CI,
11.0 to 20.2) with encorafenib plus binimetinib and
7.3 months (95% CI, 5.6 to 7.9) with vemurafenib (HR,
0.51; 95% CI, 0.40 to 0.67). The median PFS with
encorafenib was 9.6 months (95% CI, 7.4 to 14.8;
encorafenib plus binimetinib v encorafenib: HR, 0.79; 95%
CI, 0.61 to 1.02; encorafenib v vemurafenib: HR, 0.68;
95% CI, 0.52 to 0.88). PFS rates were highest with
encorafenib plus binimetinib, followed by encorafenib, at
each yearly landmark. At 5 years, the PFS rates were 23%
with encorafenib plus binimetinib, 10% with vemurafenib,
and 19%with encorafenib. The 5-year PFS rates were 31%
for patients treated with encorafenib plus binimetinib with
normal LDH and 39% for those with low tumor burden (ie,
normal LDH levels and , 3 organs involved) at baseline.

The median follow-up for OS was 70.4 months. Median OS
for all arms was consistent with previously reported values
(Fig 2). The median OS was 33.6 months (95% CI, 24.4 to
39.2) with encorafenib plus binimetinib and 16.9 months
(95% CI, 14.0 to 24.5) with vemurafenib (HR, 0.64; 95%
CI, 0.50 to 0.81). The median OS with encorafenib was
23.5 months (95% CI, 19.6 to 33.6; encorafenib plus
binimetinib v encorafenib: HR, 0.93; 95% CI, 0.72 to 1.19;
encorafenib v vemurafenib: HR, 0.71; 95% CI, 0.56 to
0.91). OS rates were highest in the encorafenib plus
binimetinib arm, followed by the encorafenib arm, and were
higher than the vemurafenib arm at each yearly landmark.
Interestingly, at 1 and 5 years, the OS rates were nearly
identical between the encorafenib plus binimetinib and
encorafenib monotherapy arms. At 5 years, the OS rates
were 35% with encorafenib plus binimetinib and encor-
afenib monotherapy and 21% with vemurafenib. The 5-
year OS rates were 45% for patients treated with encor-
afenib plus binimetinib with normal LDH and 48% for those
with low tumor burden at baseline.

OS subgroup analyses comparing encorafenib plus bini-
metinib and vemurafenib showed point estimates in favor of
encorafenib plus binimetinib (Fig 3A). OS subgroup ana-
lyses comparing encorafenib plus binimetinib and encor-
afenib did not show clear trends toward either arm, except
in patients with three organs involved at baseline who had a
greater OS benefit with encorafenib plus binimetinib (Ap-
pendix Fig A2, online only). Patients who had long-term
response (ie, $ 24 months) tended to have less advanced
stage of cancer, better ECOG performance status, normal
LDH, and fewer organs involved at baseline (Fig 3B). By
central review, 92% of patients receiving combination
treatment achieved disease control (Table 2); the median
duration of response among responders was 18.6 months

TABLE 1. Patient Disposition

Patient Disposition

Encorafenib Plus
Binimetinib
(n 5 192)

Vemurafenib
(n 5 191)

Encorafenib
(n 5 194)

Untreated 0 5 (2.6) 2 (1.0)

Treatment ongoing 25 (13.0) 4 (2.1) 12 (6.2)

Treatment discontinued 167 (87.0) 182 (95.3) 180 (92.8)

Primary reason for
treatment discontinuation

AE 23 (12.0) 26 (13.6) 26 (13.4)

Progressive disease 106 (55.2) 114 (59.7) 104 (53.6)

Death 9 (4.7) 4 (2.1) 2 (1.0)

Physician or patient decision 27 (14.1) 37 (19.4) 47 (24.2)

Other 2 (1.0) 1 (0.5) 1 (0.5)

NOTE. Data are No. (%).
Abbreviation: AE, adverse event.
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FIG 1. PFS in (A) all patients, (B) patients in the encorafenib plus binimetinib arm according to baseline LDH levels, and (C) patients in the
encorafenib plus binimetinib armwho had a low tumor burden (ie, normal LDH levels and, 3 organs involved) at baseline. For (A), HRwas analyzed
using stratified Cox regression model. HR, hazard ratio; LDH, lactate dehydrogenase; NE, not evaluable; PFS, progression-free survival.

Journal of Clinical Oncology 4181

Encorafenib Plus Binimetinib for BRAF V600 Melanoma: 5-Year Update



B

Pr
ob

ab
ili

ty
 (%

)

Time (months)

100
90
80
70
60
50
40
30
20
10

0 3 9 12 15 21 24 27 33 36 39 45 48 54 57 60 66 69 72 78 81

137 136 130 118 111 100 94 90 87 80 73 69 68 63 61 57 49 39 21 2 0

55

Encorafenib plus binimetinib

Normal LDH

No. at risk:

Elevated LDH 52 36

6

136

46 26 21 16

18

104

20 15 13 8

30

87

9 8 8 5

42

71

5 5 5

51

68

5 5 5

Year 1 Year 2 Year 3 Year 4 Year 5

86.8 69.9 59.5 51.2 45.1Normal LDH

OS, %

Encorafenib plus binimetinib

Elevated LDH 47.3 27.3 14.5 9.1 9.1

4

63

54

5 3 1 1

75

7

1 0

Encorafenib plus binimetinib

Normal LDH

Elevated LDH

Encorafenib

Plus Binimetinib

Normal LDH
Elevated LDH

Unstratified HR (95% CI): 3.48 (2.42 to 5.00)

Events,

No. (%)

81 (59.1)
50 (90.9)

Median, Months

(95% CI)

51.7 (36.8 to 67.3)
11.4 (9.0 to 17.4)

C

Pr
ob

ab
ili

ty
 (%

)

100
90
80
70
60
50
40
30
20
10

Year 1 Year 2 Year 3 Year 4 Year 5

89.7 73.6 60.8 51.3 47.7Low tumor burden

OS, %

Encorafenib plus binimetinib

Encorafenib 

Plus Binimetinib

Low tumor 
burden

Events,

No. (%)

48 (54.5)

Median, Months

(95% CI)

51.7 (35.8 to NE)

Encorafenib plus binimetinib

Low tumor burden

Time (months)

0 3 9 12 15 21 24 27 33 36 39 45 48 54 57 60 66 69 72 78 81

88 87 83 78 75 66 63 60 57 52 47 44 43 40 40 39 33 28 15 1 0
Encorafenib plus binimetinib
Low tumor burden

No. at risk:

6

87

18

69

30

57

42

46

51

43

63

38

75

6

A

Pr
ob

ab
ili

ty
 (%

)

Time (months)

100
90
80
70
60
50
40
30
20
10

0 3 9 12 15 21 24 27 33 36 39 45 48 54 57 60 66 69 72 78 81

192 188 166 144 132 116 109 103 95 88 81 74 73 68 66 62 53 42 22 3 0

194 181 147 133 117 94 86 83 74 69 68 62 60 57 56 55 44 35 24 0 0

191

Encorafenib plus binimetinib

Encorafenib

No. at risk:

Vemurafenib 184 141

6

182

168

166 115 100 83

18

124

109

89 77 71 58

30

96

79

62 54 52 45

42

76

65

47 44 39

51

73

58

43 37 34

75.5 57.7 46.5 39.1 34.7

Year 1 Year 2 Year 3 Year 4 Year 5

74.6 49.1 40.9 36.8 34.9

Encorafenib plus binimetinib

Encorafenib

OS, %

Vemurafenib 63.1 43.2 31.4 25.6 21.4

29

63

59

53

32 22 13 2

75

8

5

6 0

Encorafenib plus binimetinib

Encorafenib

Vemurafenib

Encorafenib plus binimetinib
Vemurafenib
Encorafenib

131 (68.2)

Events,

No. (%)

145 (75.9)
117 (60.3)

33.6 (24.4 to 39.2)
16.9 (14.0 to 24.5)
23.5 (19.6 to 33.6)

Encorafenib plus binimetinib v encorafenib
Encorafenib plus binimetinib v vemurafenib

Encorafenib v vemurafenib

0.64 (0.50 to 0.81)

HR (95% CI)

0.93 (0.72 to 1.19)
0.71 (0.56 to 0.91)

Median, Months

(95% CI)

FIG 2. OS in (A) all patients, (B) patients in the encorafenib plus binimetinib arm according to baseline LDH levels, and (C) patients in the encorafenib
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of patients treated with encorafenib plus binimetinib by duration of response. AJCC, American Joint Committee on Cancer; ECOG, Eastern
Cooperative Oncology Group; HR, hazard ratio; LDH, lactate dehydrogenase; OS, overall survival.
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(95% CI, 12.7 to 27.6). Complete responses (CRs) were
achieved in 14% of patients in the encorafenib plus binime-
tinib arm and 8% each in the vemurafenib arm and encor-
afenib arm. Most CRs or partial responses were achieved
within 6 months of encorafenib plus binimetinib treatment;
median PFS and OS were similar between those with and
without a response at 6months (Appendix Fig A3, online only).

Subsequent Therapy

After COLUMBUS study treatment, 50% of the encorafenib
plus binimetinib arm, 69% of the vemurafenib arm, and
62% of the encorafenib arm received systemic treatments.
The most common subsequent treatments in all arms were
anti–cytotoxic T-cell lymphocyte-4 or anti-programmed cell
death protein 1 (PD-1) as monotherapy or in combination
(Table 3). Immunotherapies were the most common first
subsequent therapy in all arms; however, similar numbers
of patients in the monotherapy arms received targeted
therapies as their first treatment after COLUMBUS.
Thereafter, immunotherapies were the most common
second treatment in the monotherapy arms.

Safety

The safety profile observed with this 5-year follow-up was
generally consistent with previous reports (Appendix Tables
A2 and A3, online only). Grade 3/4 AEs occurred in 70%,
66%, and 70% of patients in the encorafenib plus bini-
metinib, vemurafenib, and encorafenib arms, respectively.
For most AEs, EAIRs were lowest with encorafenib plus

binimetinib. AEs led to dose adjustment or interruption in
56%, 62%, and 72% of patients in the encorafenib plus
binimetinib, vemurafenib, and encorafenib arms, respec-
tively; in the encorafenib plus binimetinib arm, these AEs
were gastrointestinal disorders (17%), eye disorders (12%),
pyrexia (6%), decreased ejection fraction (5%), and in-
creased gamma-glutamyl transferase (5%). In each
treatment arm, 16%-18% of patients experienced AEs,
leading to study treatment discontinuation. AEs that led to
discontinuation of encorafenib plus binimetinib treatment
in more than one patient were increased alanine amino-
transferase (n 5 5; four were grade 3/4), aspartate ami-
notransferase (n 5 4; two were grade 3/4), or blood
creatinine (n 5 2; one was grade 3/4); headache (n 5 4;
two were grade 3/4); or rash (n 5 2; both were grade 3/4);
three patients discontinued because of central nervous
system metastases. There were 25 (13%), 20 (11%), and
16 (8%) on-treatment deaths in the encorafenib plus
binimetinib, vemurafenib, and encorafenib arms, respec-
tively; most were due to underlying disease.

Themedian time to onset for most AEs of interest was within
6 months of starting treatment with encorafenib plus
binimetinib (Appendix Table A4, online only). The median
time to onset of nausea, diarrhea, visual impairment, and
increased transaminases was within 1 month of starting
treatment with encorafenib plus binimetinib. As expected,
ocular AEs related to MEKi occurred in the encorafenib plus
binimetinib arm (Appendix Table A3); most were mild or

TABLE 2. Best Overall Response and Duration of Response by Central Review
Response Type Encorafenib Plus Binimetinib (n 5 192) Vemurafenib (n 5 191) Encorafenib (n 5 194)

Best overall response, No. (%)

CR 27 (14.1) 16 (8.4) 15 (7.7)

PR 96 (50.0) 62 (32.5) 85 (43.8)

SDa 54 (28.1) 77 (40.3) 63 (32.5)

PDb 15 (7.8) 36 (18.8) 31 (16.0)

Overall response rate, % (95% CI) 64.1 (56.8 to 70.8) 40.8 (33.8 to 48.2) 51.5 (44.3 to 58.8)

Disease control rate, % (95% CI) 92.2 (87.4 to 95.6) 81.2 (74.9 to 86.4) 84.0 (78.1 to 88.9)

Duration of response, months, median (95% CI)

All patients 18.6 (12.7 to 27.6) 12.3 (6.9 to 14.5) 15.5 (11.1 to 29.5)

Events/patients 76/123 51/78 58/100

CR without preceding PR 16.7 (5.8 to 31.4) 6.9 (NE) NE

Events/patients 6/8 1/3 0/2

PR 12.2 (9.2 to 17.3) 8.4 (5.6 to 12.3) 12.9 (7.5 to 24.0)

Events/patients 66/96 44/62 56/85

PR followed by CR NE (49.7 to NE) NE (12.9 to NE) NE

Events/patients 4/19 6/13 2/13

NOTE. Interactive visualization of the data presented in this article is available at COLUMBUS dashboard.24

Abbreviations: CR, complete response; NE, not evaluable; PD, progressive disease; PR, partial response; SD, stable disease.
aIncludes patients with a status of non-CR or non-PD.
bIncludes patients with best response of unknown or no assessment.
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moderate. Blurred vision occurred in 16%; retinal de-
tachment, subretinal fluid, and macular edema were each
reported in 7%. One patient discontinued because of re-
duced visual acuity and retinal disorder. In the encorafenib
plus binimetinib arm, left ventricular dysfunction, con-
sisting of the AEs of abnormal or decreased ejection
fraction, cardiac failure, and left ventricular dysfunction,
occurred in 7% of patients (excluding censored observa-
tions); the median time to first occurrence was approxi-
mately 3.5 months (range, 0 to approximately 21 months).

Interactive visualization of the data presented in this article
is available at COLUMBUS dashboard.24

DISCUSSION

Long-term results from the randomized, phase III CO-
LUMBUS trial indicate continuous benefits of encorafenib
plus binimetinib for patients with unresectable or meta-
static BRAF V600–mutant melanoma. Overall, the results
suggest that preclinical and pharmacologic differences
between BRAFi are clinically meaningful. This 5-year up-
date confirmed previous reports of prolonged PFS and OS
with encorafenib plus binimetinib treatment compared with
vemurafenib treatment.20 In patient subgroup analyses, the
observed OS either favored or trended toward treatment
with encorafenib plus binimetinib over vemurafenib. PFS

TABLE 3. Anticancer Therapy After Study Treatment Discontinuation
Anticancer Therapies Encorafenib Plus Binimetinib (n 5 167) Vemurafenib (n 5 182) Encorafenib (n 5 180)

Any regimen 84 (50.3) 126 (69.2) 112 (62.2)

First subsequent therapy after study treatment 84 (50.3) 126 (69.2) 112 (62.2)

At least one immunotherapy 60 (35.9) 59 (32.4) 54 (30.0)

Anti–CTLA-4 29 (17.4) 29 (15.9) 25 (13.9)

Anti–CTLA-4 1 anti–PD-1 5 (3.0) 1 (0.5) 0

Anti–PD-1 26 (15.6) 29 (15.9) 29 (16.1)

At least one targeted therapy 16 (9.6) 52 (28.6) 40 (22.2)

BRAF inhibitor 9 (5.4) 13 (7.1) 13 (7.2)

BRAF inhibitor plus MEK inhibitor 5 (3.0) 32 (17.6) 25 (13.9)

Others 2 (1.2) 7 (3.8) 2 (1.1)

At least one chemotherapy 8 (4.8) 15 (8.2) 18 (10.0)

Second subsequent therapy after study treatment 33 (19.8) 60 (33.0) 38 (21.1)

At least one immunotherapy 16 (9.6) 33 (18.1) 24 (13.3)

Anti–CTLA-4 4 (2.4) 7 (3.8) 7 (3.9)

Anti–CTLA-4 1 anti–PD-1 1 (0.6) 2 (1.1) 3 (1.7)

Anti–PD-1 11 (6.6) 24 (13.2) 14 (7.8)

At least one targeted therapy 10 (6.0) 20 (11.0) 7 (3.9)

BRAF inhibitor 1 (0.6) 7 (3.8) 0

BRAF inhibitor plus MEK inhibitor 7 (4.2) 7 (3.8) 5 (2.8)

Others 2 (1.2) 6 (3.3) 2 (1.1)

At least one chemotherapy 6 (3.6) 7 (3.8) 7 (3.9)

Third or later subsequent therapy after study treatment 16 (9.6) 23 (12.6) 14 (7.8)

At least one immunotherapy 12 (7.2) 11 (6.0) 8 (4.4)

Anti–CTLA-4 1 (0.6) 3 (1.6) 1 (0.6)

Anti–CTLA-4 1 anti–PD-1 4 (2.4) 2 (1.1) 3 (1.7)

Anti–PD-1 8 (4.8) 6 (3.3) 5 (2.8)

At least one targeted therapy 4 (2.4) 17 (9.3) 8 (4.4)

BRAF inhibitor 1 (0.6) 1 (0.5) 1 (0.6)

BRAF inhibitor plus MEK inhibitor 3 (1.8) 14 (7.7) 7 (3.9)

Others 1 (0.6) 2 (1.1) 0

At least one chemotherapy 3 (1.8) 5 (2.7) 5 (2.8)

NOTE. Data are No. (%). Patients who received combination of immunotherapy and targeted therapy are counted in both categories.
Abbreviations: CTLA-4, cytotoxic T-cell lymphocyte-4; PD-1, programmed cell death protein 1.
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and OS rates at each yearly landmark were higher in the
encorafenib plus binimetinib arm than in the vemurafenib
arm. Survival curves for encorafenib plus binimetinib began
to plateau around 4 years. Similar plateaus have been
observed with dabrafenib plus trametinib and vemurafenib
plus cobimetinib and with immune checkpoint inhibitors in
clinical trials of advanced melanoma.8,25-27 Although direct
comparisons cannot be made, 5-year PFS and OS rates
with encorafenib plus binimetinib treatment in COLUMBUS
were consistent with those observed with other BRAFi 1
MEKi combinations.8,9

The 5-year OS rate was 35% for both the encorafenib plus
binimetinib and encorafenib monotherapy arms; however,
combination treatment demonstrated significantly longer PFS
(median . 5 months) and numerically longer OS (median
. 10 months). Compared with encorafenib monotherapy, the
encorafenib plus binimetinib arm had numerically greater
ORR, disease control rate, and duration of response. Fur-
thermore, combination treatment improved tolerability; EAIRs
for most AEs were lower with encorafenib plus binimetinib
compared with encorafenib monotherapy. Patients in CO-
LUMBUS part 1 treated with encorafenib plus binimetinib
reported fewer (difference of 10% or more between arms)
dermatologic AEs and arthralgia andmyalgia events compared
with those treated with encorafenib monotherapy. Although
certain AEs occurred more commonly in the combination arm
than in the encorafenib monotherapy arm (eg, diarrhea, in-
creased blood creatine phosphokinase, and blurred vision),
the rate of discontinuation because of AEswas similar between
these arms. Previous studies have also shown that both ef-
ficacy and tolerability of BRAFi are improved with the addition
of a MEKi.9,28-30 The contribution of binimetinib to the
encorafenib plus binimetinib combination was further evalu-
ated in part 2 of the COLUMBUS trial, which compared
encorafenib 300 mg once daily plus binimetinib 45 mg twice
daily with encorafenib 300 mg once daily monotherapy.12

Briefly, encorafenib plus binimetinib showed meaningful im-
provements in PFS by 5.5 months (HR, 0.57; 95% CI, 0.41 to
0.75) and ORR by 16%; furthermore, the combination was
better tolerated than monotherapy, resulting in greater relative
dose intensity, fewer grade 3/4 AEs, and fewer AEs leading to
discontinuation.12

AEs with encorafenib plus binimetinib were generally
manageable and consistent with previous reports; no new
safety signals were observed after long-term follow-up. As
reported previously in COLUMBUS and coBRIM, the overall
burden of toxicity of combination treatment tends to de-
crease with time on treatment.20,29,31 Themost common AEs
observed were class effects such as gastrointestinal AEs and
arthralgia; first onset of these AEs occurred within 2 months
of starting treatment. Since the 3-year analysis of CO-
LUMBUS, the proportion of patients with a rash increased
by 3.7%, 6.5%, and 5.2% in the encorafenib plus bini-
metinib, vemurafenib, and encorafenib arms, respectively.
Of note, approximately half of the newer reports of rash with

vemurafenib treatment were grade 3/4 events. There was
also a notable increase in pruritus of 11.2% and 8.8% in the
vemurafenib and encorafenib arms, respectively, but not in
the encorafenib plus binimetinib arm. Ocular toxicities, a
knownAE ofMEKi, were routinely evaluated in COLUMBUS.
Most ocular disorders were asymptomatic and managed by
adjustment or interruption of the encorafenib plus bini-
metinib dose; discontinuation because of ocular toxicity
occurred in only one patient. MEK-associated retinopathy
was reported in 29% of patients treated with vemurafenib
plus cobimetinib in coBRIM; approximately half of the
events were symptomatic.32 Finally, left ventricular dys-
function, consisting of the AEs of abnormal or decreased
ejection fraction, cardiac failure, and left ventricular dys-
function, occurred in 7.3% of patients (excluding censored
observations) treated with encorafenib plus binimetinib,
typically 3-4 months after treatment; no new onset was
recorded after 2 years.

Within the limits of cross-trial comparisons, encorafenib
plus binimetinib treatment resulted in fewer AEs of pyrexia
than dabrafenib plus trametinib treatment (21% v 53%);
dose adjustments or interruptions because of pyrexia in the
encorafenib plus binimetinib arm were uncommon, oc-
curring in 6% of patients.8 Furthermore, treatment with
encorafenib plus binimetinib resulted in fewer AEs of rash
(20% v 42% with vemurafenib plus cobimetinib) and
photosensitivity (4% v 35% with vemurafenib plus cobi-
metinib).9 These observations are in agreement with the
findings of a recent pharmacovigilance study using data
from the US Food and Drug Administration Adverse Event
Reporting System.33 Encorafenib plus binimetinib treatment
was found to be associated with lower risks of dermatologic
AEs and acute kidney injury compared with vemurafenib
plus cobimetinib and lower risks of pyrexia and elevated
C-reactive protein compared with dabrafenib plus trame-
tinib.33 The same study also reported a greater likelihood of
colitis, renal impairment, and seizures with encorafenib
plus binimetinib than with other BRAFi 1 MEKi combi-
nations; in COLUMBUS, , 10% of patients treated with
encorafenib plus binimetinib experienced these AEs.

Patients treated with encorafenib plus binimetinib in CO-
LUMBUSmost commonly received immunotherapy with anti–
PD-1 or anti–cytotoxic T-cell lymphocyte-4 or both after study
treatment. Treatment sequence is an active area of research,
as is combining targeted treatments and immunotherapy; the
STARBOARD trial (ClinicalTrials.gov identifier: NCT04657991)
is underway to investigate encorafenib plus binimetinib in
combination with anti–PD-1 immunotherapy (pembrolizumab)
for the treatment of BRAF V600–mutant melanoma.

This 5-year analysis had some limitations: it is post hoc and
descriptive. OS was not a primary end point; however, OS
was a key efficacy end point. The trial was not powered for
OS comparisons between the encorafenib plus binimetinib
arm and the encorafenib arm or vemurafenib arm. In
addition, few patients with metastatic brain metastases
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were enrolled in COLUMBUS (n 5 20). Case studies of
encorafenib plus binimetinib treatment in patients with
brain metastases reported promising outcomes.34-37 Pa-
tients with advanced BRAF V600–mutant melanoma and
brain metastases have been enrolled in phase II trials
evaluating encorafenib plus binimetinib (POLARIS [Clin-
icalTrials.gov identifier: NCT03911869], SWOG S2000
[ClinicalTrials.gov identifier: NCT04511013], and EBRAIN-
MEL [ClinicalTrials.gov identifier: NCT03898908]).

In conclusion, 35% of patients with unresectable or met-
astatic BRAF V600–mutant melanoma treated with

encorafenib plus binimetinib in COLUMBUS were alive
after 5 years, with 23% remaining progression-free; 64%
achieved CR/partial response. Among patients with normal
LDH levels and, 3 organs involved at baseline, the 5-year
PFS and OS rates were 39% and 48%, respectively. The
safety profile observed with a longer follow-up was con-
sistent with previous observations, and the burden of
toxicity with encorafenib plus binimetinib treatment de-
creased over time. These data demonstrate the long-term
benefits of encorafenib plus binimetinib in patients with
unresectable or metastatic BRAF V600–mutant melanoma.
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APPENDIX

Did not meet inclusion criteriaa
                                                                                              (n = 768)

   Did not have BRAF V600E/K mutation                                                        (n = 364)
   Did not meet other inclusion criteria or met other exclusion criteria      (n = 350)
   Declined consent after prescreening                                                                  (n = 54)

Randomly assigned (n = 577)

Patients assessed
for eligibility (N = 1,345)

Discontinuedb                                                        (n = 167)
   Had progressive disease                      (n = 106)
   Had AEs                                                    (n = 23)
   Because of patient/guardian decision  (n = 16)
   Because of physician decision               (n = 11)
   Died                                                           (n = 9)
   Because of Protocol deviation                (n = 1)
   Lost to follow-up                                      (n = 1)

Treatment ongoingc (n = 25)

Evaluated for safety (n = 192)

Evaluated for efficacy (n = 192)

Assigned to
encorafenib plus binimetinib

(n = 192)

Discontinuedb                                          (n = 182)
   Had progressive disease                     (n = 114)
   Had AEs                                                  (n = 26)
   Because of patient/guardian decision  (n = 19)
   Because of physician decision              (n = 18)
   Died                                                           (n = 4)
   Because of new therapy for                    (n = 1)
      study indication 

Treatment ongoingc (n = 4)

Evaluated for safety (n = 186)

Evaluated for efficacy (n = 191)

Assigned
to vemurafenib (n = 191)

Not treated                                                (n = 5)
   Because of patient/guardian decision (n = 4)
   Because of physician decision              (n = 1)

Assigned
to encorafenib (n = 194)

Discontinuedb                               (n = 180)
   Had progressive disease              (n = 104)
   Because of physician decision    (n = 27)
   Had AEs                                        (n = 26)
   Because of patient/guardian        (n = 20)
     decision 
   Died                                                (n = 2)
   Because of Protocol deviation      (n = 1)

Not treated                                          (n = 2)
   Because of physician decision     (n = 1)
   Because of technical problems    (n = 1)

Treatment ongoingc (n = 12)

Evaluated for safety (n = 192)

Evaluated for efficacy (n = 194)

FIG A1. CONSORT diagram. aSome patients were ineligible for more than one reason. bPrimary reason. cOngoing at the time of data cutoff
(September 15, 2020). AE, adverse event.
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All patients 131/192 (68.2)

Encorafenib

Plus Binimetinib Encorafenib HR (95% Cl)

No. of Events/No. of Patients (%)

117/194 (60.3) 0.97 (0.76 to 1.25)

49/84 (58.3) 45/84 (53.6) 1.03 (0.69 to 1.55)

82/108 (75.9) 72/110 (65.5) 0.91 (0.66 to 1.24)

92/139 (66.2) 83/143 (58.0) 1.02 (0.76 to 1.37)

39/53 (73.6) 34/51 (66.7) 0.79 (0.50 to 1.26)

122/170 (71.8) 109/173 (63.0) 1.00 (0.77 to 1.29)

9/22 (40.9) 7/19 (36.8) 0.81 (0.30 to 2.18)

89/132 (67.4) 94/154 (61.0) 0.96 (0.72 to 1.28)

42/60 (70.0) 23/40 (57.5) 1.01 (0.60 to 1.67)

80/115 (69.6) 70/108 (64.8) 0.97 (0.71 to 1.34)

51/77 (66.2) 47/86 (54.7) 0.96 (0.65 to 1.43)

81/137 (59.1) 79/147 (53.7) 0.90 (0.66 to 1.23)

26/47 (55.3) 22/56 (39.3) 1.30 (0.74 to 2.30)

36/58 (62.1) 30/52 (57.7) 1.03 (0.63 to 1.67)

34/45 (75.6) 33/42 (78.6) 0.61 (0.37 to 0.98)

35/42 (83.3) 32/44 (72.7)

0.0 0.5 1.5 2.0 2.5

Favors
Encorafenib

Favors
Encorafenib Plus Binimetinib

1.06 (0.65 to 1.71)

50/55 (90.9) 38/47 (80.9) 0.95 (0.62 to 1.45)

AJCC stage

IIB, IIC, IVM1a, IVM1b

IVM1c

ECOG performance status

0

1

Age, years

< 65

�� 65

> 3

Sex

Male

Female

LDH at baseline

Normal

Elevated

No. of organs involved at baseline

1

2

3

BRAF mutation status

V600E

V600K

1.0

FIG A2. OS in subgroups for encorafenib plus binimetinib versus encorafenib. The Cox proportional hazards model is unstratified. AJCC, American Joint
Committee on Cancer; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; LDH, lactate dehydrogenase; OS, overall survival.
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A
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29.8 (21.4 to 62.3)

79 (69.3)

42 (61.8)
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 (%

)
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Responder at 6 months: yes
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B

FIG A3. (A) PFS in the encorafenib plus binimetinib arm by response status at 6 months. (B) OS in the
encorafenib plus binimetinib arm by response status at 6 months. Patients are classified on the basis of their
response status at 6months (the landmark time). The number of patients at risk at baseline excludes patients who
had an event or were censored at 6 months. HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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TABLE A1. Baseline Patient and Disease Characteristics
Characteristic Encorafenib Plus Binimetinib (n 5 192) Vemurafenib (n 5 191) Encorafenib (n 5 194)

Age, years, median (range) 57 (20-89) 56 (21-82) 54 (23-88)

Male sex 115 (59.9) 111 (58.1) 108 (55.7)

ECOG performance status

0 136 (70.8) 140 (73.3) 140 (72.2)

1 56 (29.2) 51 (26.7) 54 (27.8)

Tumor stage

IIIB 0 1 (0.5) 2 (1.0)

IIIC 9 (4.7) 10 (5.2) 4 (2.1)

IV M1A 26 (13.5) 24 (12.6) 29 (14.9)

IV M1B 34 (17.7) 31 (16.2) 39 (20.1)

IV M1C with normal LDH 75 (39.1) 89 (46.6) 71 (36.6)

IV M1C with elevated LDH 48 (25.0) 36 (18.8) 49 (25.3)

No. of organs involved

1 47 (24.5) 45 (23.6) 56 (28.9)

2 58 (30.2) 59 (30.9) 52 (26.8)

3 45 (23.4) 42 (22.0) 42 (21.6)

. 3 42 (21.9) 45 (23.6) 44 (22.7)

LDH levels

Normal 137 (71.4) 139 (72.8) 147 (75.8)

Elevated 55 (28.6) 52 (27.2) 47 (24.2)

BRAF mutation status

V600E 170 (88.5) 168 (88.0) 173 (89.2)

V600K 22 (11.5) 23 (12.0) 19 (9.8)

NOTE. Data are No. (%) unless indicated otherwise.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase.
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TABLE A2. AEs Occurring in $10% of Patients in the Encorafenib Plus Binimetinib Arm by Incidence and EAIR

Preferred Term

Encorafenib Plus Binimetinib
(n 5 192) Vemurafenib (n 5 186) Encorafenib (n 5 192)

All Grades Grade 3/4 All Grades Grade 3/4 All Grades Grade 3/4

No. (%) EAIR No. (%) No. (%) EAIR No. (%) No. (%) EAIR No. (%)

Any AE 189 (98.4) 109.97 134 (69.8) 186 (100) 230.23 122 (65.6) 191 (99.5) 563.88 134 (69.8)

Nausea 85 (44.3) 3.16 4 (2.1) 65 (34.9) 4.49 3 (1.6) 74 (38.5) 3.62 8 (4.2)

Diarrhea 74 (38.5) 2.93 5 (2.6) 64 (34.4) 4.75 5 (2.7) 29 (15.1) 1.11 4 (2.1)

Vomiting 64 (33.3) 2.09 5 (2.6) 30 (16.1) 1.61 2 (1.1) 56 (29.2) 2.38 9 (4.7)

Arthralgia 64 (33.3) 2.13 2 (1.0) 88 (47.3) 9.06 11 (5.9) 97 (50.5) 8.24 21 (10.9)

Fatigue 58 (30.2) 1.79 4 (2.1) 57 (30.6) 3.65 4 (2.2) 51 (26.6) 2.31 1 (0.5)

Increased blood creatine
phosphokinase

52 (27.1) 1.47 15 (7.8) 4 (2.2) 0.20 0 3 (1.6) 0.10 1 (0.5)

Headache 51 (26.6) 1.46 4 (2.1) 38 (20.4) 2.30 2 (1.1) 57 (29.7) 2.60 6 (3.1)

Constipation 50 (26.0) 1.43 0 13 (7.0) 0.67 1 (0.5) 32 (16.7) 1.20 0

Asthenia 43 (22.4) 1.24 3 (1.6) 35 (18.8) 2.10 8 (4.3) 43 (22.4) 1.80 5 (2.6)

Pyrexia 40 (20.8) 1.08 7 (3.6) 53 (28.5) 3.83 0 33 (17.2) 1.32 2 (1.0)

Rash 38 (19.8) 1.03 4 (2.1) 68 (36.6) 4.98 13 (7.0) 50 (26.0) 2.10 5 (2.6)

Anemia 37 (19.3) 0.95 11 (5.7) 19 (10.2) 1.01 5 (2.7) 15 (7.8) 0.54 6 (3.1)

Abdominal pain 37 (19.3) 0.98 7 (3.6) 14 (7.5) 0.72 2 (1.1) 16 (8.3) 0.56 4 (2.1)

Dry skin 33 (17.2) 0.92 0 43 (23.1) 2.68 0 58 (30.2) 2.94 1 (0.5)

Hypertension 32 (16.7) 0.86 14 (7.3) 24 (12.9) 1.28 7 (3.8) 12 (6.3) 0.43 7 (3.6)

Dizziness 32 (16.7) 0.84 4 (2.1) 8 (4.3) 0.42 0 11 (5.7) 0.38 0

Myalgia 31 (16.1) 0.84 0 34 (18.3) 1.92 1 (0.5) 56 (29.2) 2.69 19 (9.9)

Blurred vision 31 (16.1) 0.91 0 4 (2.2) 0.19 0 4 (2.1) 0.13 0

Increased gamma-glutamyl
transferase

30 (15.6) 0.75 18 (9.4) 21 (11.3) 1.08 6 (3.2) 23 (12.0) 0.84 10 (5.2)

Back pain 30 (15.6) 0.81 2 (1.0) 13 (7.0) 0.67 4 (2.2) 35 (18.2) 1.52 5 (2.6)

Alopecia 29 (15.1) 0.76 0 70 (37.6) 5.43 0 108 (56.3) 9.55 0

Hyperkeratosis 29 (15.1) 0.76 1 (0.5) 54 (29.0) 3.80 0 76 (39.6) 4.50 7 (3.6)

Pruritus 27 (14.1) 0.72 1 (0.5) 41 (22.0) 2.60 2 (1.1) 59 (30.7) 3.05 1 (0.5)

Nasopharyngitis 27 (14.1) 0.70 0 20 (10.8) 1.12 0 15 (7.8) 0.56 0

Muscle spasms 26 (13.5) 0.65 1 (0.5) 4 (2.2) 0.19 1 (0.5) 7 (3.6) 0.24 0

Upper abdominal pain 25 (13.0) 0.62 2 (1.0) 20 (10.8) 1.03 2 (1.1) 20 (10.4) 0.73 2 (1.0)

Pain in extremity 24 (12.5) 0.65 2 (1.0) 27 (14.5) 1.47 2 (1.1) 45 (23.4) 1.92 2 (1.0)

Cough 24 (12.5) 0.61 1 (0.5) 16 (8.6) 0.84 1 (0.5) 24 (12.5) 0.93 1 (0.5)

Peripheral edema 24 (12.5) 0.60 3 (1.6) 20 (10.8) 1.07 2 (1.1) 18 (9.4) 0.67 0

Increased ALT 21 (10.9) 0.51 10 (5.2) 14 (7.5) 0.74 3 (1.6) 11 (5.7) 0.38 2 (1.0)

Decreased appetite 20 (10.4) 0.50 0 36 (19.4) 1.99 2 (1.1) 41 (21.4) 1.58 1 (0.5)

Insomnia 20 (10.4) 0.48 0 15 (8.1) 0.75 0 37 (19.3) 1.57 5 (2.6)

NOTE. Some sites adopted amendment six before the data cutoff of September 15, 2020. After the adoption date, only grade 3 and 4 AEs and all serious
AEs are recorded at those sites.
Abbreviations: AE, adverse event; EAIR, exposure-adjusted incidence rate (per 100 patient-months of exposure to study treatment).
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TABLE A3. AEs of Interest

AE Group Preferred Terms

Encorafenib Plus
Binimetinib (n 5 192) Vemurafenib (n 5 186) Encorafenib (n 5 192)

All Grades Grade 3/4 All Grades Grade 3/4 All Grades Grade 3/4

Nausea Nausea 85 (44.3) 4 (2.1) 65 (34.9) 3 (1.6) 74 (38.5) 8 (4.2)

Diarrhea Diarrhea 74 (38.5) 5 (2.6) 64 (34.4) 5 (2.7) 29 (15.1) 4 (2.1)

Frequent bowel movements 1 (0.5) 0 0 0 0 0

Vomiting Vomiting 64 (33.3) 5 (2.6) 30 (16.1) 2 (1.1) 56 (29.2) 9 (4.7)

Retching 1 (0.5) 0 1 (0.5) 0 0 0

Arthralgia Arthralgia 64 (33.3) 2 (1.0) 88 (47.3) 11 (5.9) 97 (50.5) 21 (10.9)

Joint stiffness 0 0 1 (0.5) 0 2 (1.0) 0

Arthropathy 0 0 1 (0.5) 1 (0.5) 0 0

Pyrexia Pyrexia 40 (20.8) 7 (3.6) 53 (28.5) 0 33 (17.2) 2 (1.0)

Increased body temperature 1 (0.5) 0 1 (0.5) 0 2 (1.0) 0

Hyperthermia 1 (0.5) 0 2 (1.1) 0 0 0

Hyperpyrexia 1 (0.5) 1 (0.5) 0 0 0 0

Rash Rash 38 (19.8) 4 (2.1) 68 (36.6) 13 (7.0) 50 (26.0) 5 (2.6)

Maculopapular rash 5 (2.6) 0 27 (14.5) 8 (4.3) 18 (9.4) 1 (0.5)

Papular rash 3 (1.6) 0 7 (3.8) 0 12 (6.3) 0

Erythematous rash 4 (2.1) 0 3 (1.6) 2 (1.1) 4 (2.1) 2 (1.0)

Macular rash 2 (1.0) 0 4 (2.2) 2 (1.1) 3 (1.6) 0

Pruritic rash 2 (1.0) 0 2 (1.1) 0 2 (1.0) 0

Follicular rash 2 (1.0) 0 0 0 1 (0.5) 0

Vesicular rash 1 (0.5) 0 0 0 0 0

Exfoliative rash 0 0 2 (1.1) 0 0 0

Hyperkeratosis Hyperkeratosis 29 (15.1) 1 (0.5) 54 (29.0) 0 76 (39.6) 7 (3.6)

Palmoplantar keratoderma 19 (9.9) 0 33 (17.7) 2 (1.1) 51 (26.6) 4 (2.1)

Keratosis pilaris 9 (4.7) 0 43 (23.1) 0 33 (17.2) 0

Hyperkeratosis follicularis
et parafollicularis

1 (0.5) 0 2 (1.1) 0 6 (3.1) 0

Lichenoid keratosis 1 (0.5) 0 0 0 0 0

Parakeratosis 1 (0.5) 0 0 0 1 (0.5) 0

Skin hyperplasia 0 0 0 0 1 (0.5) 0

Photosensitivity Photosensitivity reaction 7 (3.6) 1 (0.5) 47 (25.3) 2 (1.1) 7 (3.6) 0

Solar dermatitis 1 (0.5) 0 17 (9.1) 0 1 (0.5) 0

Dermatitis acneiform Dermatitis acneiform 5 (2.6) 0 8 (4.3) 0 8 (4.2) 0

Acne 2 (1.0) 0 3 (1.6) 0 8 (4.2) 0

Acne pustular 0 0 1 (0.5) 0 0 0

Cutaneous squamous
cell carcinoma

Keratoacanthoma 8 (4.2) 1 (0.5) 22 (11.8) 6 (3.2) 14 (7.3) 0

Squamous cell carcinoma 4 (2.1) 0 12 (6.5) 8 (4.3) 3 (1.6) 0

Squamous cell carcinoma of skin 0 0 2 (1.1) 1 (0.5) 0 0

Lip squamous cell carcinoma 0 0 1 (0.5) 1 (0.5) 0 0

Basal cell carcinoma Basal cell carcinoma 5 (2.6) 0 5 (2.7) 1 (0.5) 3 (1.6) 1 (0.5)

Left ventricular
dysfunction

Ejection fraction decreased 11 (5.7) 2 (1.0) 1 (0.5) 0 4 (2.1) 2 (1.0)

Cardiac failure 2 (1.0) 1 (0.5) 2 (1.1) 1 (0.5) 0 0

Left ventricular dysfunction 2 (1.0) 0 0 0 0 0

(continued on following page)
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TABLE A3. AEs of Interest (continued)

AE Group Preferred Terms

Encorafenib Plus
Binimetinib (n 5 192) Vemurafenib (n 5 186) Encorafenib (n 5 192)

All Grades Grade 3/4 All Grades Grade 3/4 All Grades Grade 3/4

Visual impairment Blurred vision 31 (16.1) 0 4 (2.2) 0 4 (2.1) 0

Visual impairment 10 (5.2) 0 5 (2.7) 0 8 (4.2) 0

Reduced visual acuity 6 (3.1) 0 0 0 2 (1.0) 0

Serous retinopathy Retinal detachment 14 (7.3) 1 (0.5) 0 0 2 (1.0) 0

Subretinal fluid 14 (7.3) 0 0 0 0 0

Macular edema 13 (6.8) 1 (0.5) 2 (1.1) 0 0 0

Chorioretinopathy 7 (3.6) 2 (1.0) 1 (0.5) 0 0 0

Retinopathy 4 (2.1) 0 0 0 1 (0.5) 0

Retinal pigment epitheliopathy 4 (2.1) 0 1 (0.5) 0 1 (0.5) 0

Retinal disorder 4 (2.1) 0 0 0 0 0

Metamorphopsia 3 (1.6) 0 0 0 0 0

Retinal exudates 2 (1.0) 1 (0.5) 0 0 0 0

Chorioretinitis 2 (1.0) 1 (0.5) 0 0 0 0

Cystoid macular edema 1 (0.5) 0 0 0 0 0

Detachment of macular retinal
pigment epithelium

1 (0.5) 0 0 0 0 0

Macular detachment 1 (0.5) 0 0 0 0 0

Detachment of retinal pigment
epithelium

0 0 1 (0.5) 0 1 (0.5) 0

Retinal edema 0 0 0 0 1 (0.5) 0

Increased
transaminases

Increased ALT 21 (10.9) 10 (5.2) 14 (7.5) 3 (1.6) 11 (5.7) 2 (1.0)

Increased AST 17 (8.9) 4 (2.1) 15 (8.1) 3 (1.6) 8 (4.2) 1 (0.5)

Increased hepatic enzyme 1 (0.5) 1 (0.5) 4 (2.2) 1 (0.5) 0 0

Increased transaminases 1 (0.5) 0 1 (0.5) 0 1 (0.5) 0

Increased blood bilirubin Increased blood bilirubin 2 (1.0) 0 14 (7.5) 0 0 0

NOTE. Data are No. (%). Some sites adopted amendment six before the data cutoff of September 15, 2020. After the adoption date, only grade 3 and 4 AEs
and all serious AEs are recorded at those sites.
Abbreviations: AE, adverse event; EAIR, exposure-adjusted incidence rate (per 100 patient-months of exposure to study treatment).
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TABLE A4. Median Time to First Occurrence of AEs of Interest in the Encorafenib
Plus Binimetinib Arm (n 5 192)

AE Group

Encorafenib Plus
Binimetinib,
No. (%)

Time to First
Occurrence, Days,
Median (range)

Nausea 84 (43.8) 31 (1-1,934)

Diarrhea 73 (38.0) 30 (1-1,395)

Vomiting 63 (32.8) 93 (1-1,987)

Arthralgia 64 (33.3) 152 (1-1,934)

Pyrexia 39 (20.3) 168 (2-2,005)

Rash 49 (25.5) 94 (2-1,587)

Hyperkeratosis 45 (23.4) 78 (1-898)

Photosensitivity 7 (3.6) 84 (1-677)

Dermatitis acneiform 6 (3.1) 107 (29-378)

Cutaneous squamous
cell carcinoma

10 (5.2) 407.5 (30-1,905)

Basal cell carcinoma 5 (2.6) 340 (159-1,127)

Left ventricular dysfunction 14 (7.3) 108.5 (1-648)

Visual impairment 44 (22.9) 2 (1-1,987)

Serous retinopathy 45 (23.4) 85 (1-1765)

Increased transaminases 25 (13.0) 30 (1-534)

Increased blood bilirubin 2 (1.0) 260 (43-477)

NOTE. Some sites adopted amendment six before the data cutoff of September
15, 2020. After the adoption date, only grade 3 and 4 AEs and all serious AEs are
recorded at those sites. Preferred terms included in the AE groups are as follows:
nausea (nausea), diarrhea (diarrhea and frequent bowel movements), vomiting
(vomiting and retching), arthralgia (arthralgia, arthropathy, and joint stiffness),
pyrexia (pyrexia, increased body temperature, hyperthermia, and hyperpyrexia),
rash (rash, maculopapular rash, papular rash, erythematous rash, macular rash,
pruritic rash, follicular rash, vesicular rash, exfoliative rash, and maculovesicular
rash), hyperkeratosis (hyperkeratosis, palmoplantar keratoderma, keratosis pilaris,
hyperkeratosis follicularis et parafollicularis, lichenoid keratosis, parakeratosis, and
skin hyperplasia), photosensitivity (photosensitivity reaction and solar dermatitis),
dermatitis acneiform (dermatitis acneiform, acne, and acne pustular), cutaneous
squamous cell carcinoma (keratoacanthoma, squamous cell carcinoma,
squamous cell carcinoma of skin, and lip squamous cell carcinoma), basal cell
carcinoma (basal cell carcinoma), left ventricular dysfunction (ejection fraction
abnormal, ejection fraction decreased, cardiac failure, and left ventricular
dysfunction), visual impairment (blurred vision, visual impairment, and reduced
visual acuity), serous retinopathy (exudative retinopathy, maculopathy, retinitis,
retinal detachment, subretinal fluid, macular edema, chorioretinopathy,
retinopathy, retinal pigment epitheliopathy, retinal disorder, metamorphopsia,
retinal exudates, chorioretinitis, cystoid macular edema, detachment of macular
retinal pigment epithelium, macular detachment, detachment of retinal pigment
epithelium, and retinal edema), increased transaminases (increased ALT,
increased AST, increased hepatic enzyme, increased transaminases, and AST),
and increased blood bilirubin (increased blood bilirubin).
Abbreviation: AE, adverse event.

Journal of Clinical Oncology

Encorafenib Plus Binimetinib for BRAF V600 Melanoma: 5-Year Update


	COLUMBUS 5 ...
	INTRODUCTION
	METHODS
	Study Design and Participants
	Study End Points
	Statistical Analysis

	RESULTS
	Patients
	Efficacy
	Subsequent Therapy
	Safety

	DISCUSSION
	REFERENCES
	APPENDIX
	APPENDIX


