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A BS T R AC T
BACKGROUND

Patients with metastatic colorectal cancer with the BRAF V600E mutation have a
poor prognosis, with a median overall survival of 4 to 6 months after failure of
initial therapy. Inhibition of BRAF alone has limited activity because of pathway
reactivation through epidermal growth factor receptor signaling.
METHODS

In this open-label, phase 3 trial, we enrolled 665 patients with BRAF V600E–
mutated metastatic colorectal cancer who had had disease progression after one or
two previous regimens. Patients were randomly assigned in a 1:1:1 ratio to receive
encorafenib, binimetinib, and cetuximab (triplet-therapy group); encorafenib and
cetuximab (doublet-therapy group); or the investigators’ choice of either cetuximab
and irinotecan or cetuximab and FOLFIRI (folinic acid, fluorouracil, and irinotecan)
(control group). The primary end points were overall survival and objective response
rate in the triplet-therapy group as compared with the control group. A secondary
end point was overall survival in the doublet-therapy group as compared with the
control group. We report here the results of a prespecified interim analysis.
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RESULTS

The median overall survival was 9.0 months in the triplet-therapy group and 5.4
months in the control group (hazard ratio for death, 0.52; 95% confidence interval
[CI], 0.39 to 0.70; P<0.001). The confirmed response rate was 26% (95% CI, 18 to
35) in the triplet-therapy group and 2% (95% CI, 0 to 7) in the control group
(P<0.001). The median overall survival in the doublet-therapy group was 8.4 months
(hazard ratio for death vs. control, 0.60; 95% CI, 0.45 to 0.79; P<0.001). Adverse
events of grade 3 or higher occurred in 58% of patients in the triplet-therapy
group, in 50% in the doublet-therapy group, and in 61% in the control group.
CONCLUSIONS

A combination of encorafenib, cetuximab, and binimetinib resulted in significantly longer overall survival and a higher response rate than standard therapy in
patients with metastatic colorectal cancer with the BRAF V600E mutation. (Funded
by Array BioPharma and others; BEACON CRC ClinicalTrials.gov number,
NCT02928224; EudraCT number, 2015-005805-35.)
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he BRAF V600E mutation occurs in
approximately 10% of patients with metastatic colorectal cancer, with recent estimates ranging from as low as 5% to as high as
21%.1-10 This mutation identifies a distinct subtype of colorectal cancer that has a poor prognosis.11 Initial standard chemotherapy for BRAF
V600E–mutated colorectal cancer results in poor
outcomes, and attempts to intensify therapy have
met with limited success.12 After failure of initial
therapy, subsequent lines of treatment have
minimal effect, and rapidly progressive disease
and short overall survival are seen. Recently reported results of a phase 2 trial of second-line
and third-line therapy in this population showed
an objective response rate of 4%, progressionfree survival of 2 months, and overall survival of
5.9 months in the control group, which received
standard therapy (irinotecan plus cetuximab).13
Although BRAF V600E is a driver mutation
found in multiple tumor types, and BRAF inhibitors have clinical activity in BRAF V600E–
mutated melanoma and non–small-cell lung cancer, BRAF inhibitors alone have limited activity
in BRAF V600E–mutated colorectal cancer.14-17 Preclinical models of BRAF V600E–mutated colorectal cancer have shown that BRAF inhibition
causes rapid feedback activation through the epidermal growth factor receptor (EGFR); thus,
BRAF inhibitor treatment alone does not sufficiently inhibit pathway signaling, which explains
the lack of clinical efficacy of BRAF inhibition
in this type of cancer.18-20 Translation of these
findings into clinical trials has shown that BRAF
inhibitors have increased antitumor activity in
BRAF V600–mutated colorectal cancer when combined with anti-EGFR monoclonal antibodies.21-23
Preclinical studies have suggested that combined
inhibition of BRAF and mitogen-activated protein kinase (MAPK) kinase (MEK) is more effective than BRAF inhibitors combined with antiEGFR agents. This finding was validated clinically
in subsequent phase 1 and phase 2 trials that
combined BRAF inhibitors with both anti-EGFR
monoclonal antibodies and MEK inhibitors.18,24,25
Encorafenib is a BRAF inhibitor with more
prolonged pharmacodynamic activity than other
approved BRAF inhibitors.26 The combination of
the BRAF inhibitor encorafenib and the antiEGFR monoclonal antibody cetuximab showed
promising activity in early-phase clinical trials
when compared with reported outcomes with
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standard treatment options and outcomes from
early-phase trials of triplet regimens that combined an anti-EGFR antibody with other BRAF
inhibitors plus either an MEK inhibitor or irinotecan.13,21,27 We therefore sought to evaluate
whether treatment with the combination of encorafenib plus cetuximab with or without the
MEK inhibitor binimetinib would result in longer
overall survival than standard therapy in patients
with BRAF V600E–mutated metastatic colorectal
cancer who had had disease progression after
one or two previous lines of therapy. Before initiation of the randomized phase of the trial, a
group of patients was enrolled in a lead-in phase
to evaluate the safety of the triplet regimen.28

Me thods
Trial Oversight

The trial was approved by the institutional review board or independent ethics committee at
each center and was conducted in accordance
with the requirements of the regulatory authorities of each country and with the provisions of
the Declaration of Helsinki and the Good Clinical Practice guidelines of the International Council on Harmonisation. All patients provided
written informed consent. The steering committee and one of the sponsors (Array BioPharma)
jointly designed the trial and reviewed the data,
with the participation of the authors. All the investigators collected the data. Six of the authors
wrote the first draft of the manuscript, with
professional medical writing assistance funded
by Array BioPharma, and all the authors contributed to subsequent drafts. All the authors vouch
for the accuracy and completeness of the data
and analyses and for the fidelity of the trial to
the protocol (available with the full text of this
article at NEJM.org).
Trial Design, Patients, and Treatments

The BEACON CRC (Binimetinib, Encorafenib,
and Cetuximab Combined to Treat BRAF-Mutant
Colorectal Cancer) trial is a global, multicenter,
randomized, open-label, phase 3 trial. We enrolled patients with histologically or cytologically
confirmed metastatic colorectal cancer with the
BRAF V600E mutation who had had disease progression after one or two previous treatment
regimens. Additional inclusion and exclusion
criteria are provided in the trial protocol.
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We randomly assigned patients in a 1:1:1 ratio
to one of three groups. Patients in the triplettherapy group received encorafenib (300 mg daily),
binimetinib (45 mg twice daily), and cetuximab
(400 mg per square meter of body-surface area
as an initial dose, then 250 mg per square meter
weekly). Patients in the doublet-therapy group
received encorafenib and cetuximab, administered in the same doses and on the same schedule as the triplet regimen. Patients in the control
group received the investigators’ choice of either
cetuximab (administered in the same doses and
on the same schedule as the other regimens) and
irinotecan (180 mg per square meter on days 1
and 15) or cetuximab and FOLFIRI (folinic acid
[180 mg per square meter, administered on days
1 and 15], fluorouracil [400 mg per square meter
as an initial dose, then 1200 mg per square meter
per day for 2 days, initiated on days 1 and 15],
and irinotecan [at the same dose and on the
same schedule as the other regimens]). Randomization was stratified according to Eastern Cooperative Oncology Group (ECOG) performancestatus score (0 or 1 [scores range from 0 to 5,
with higher scores reflecting greater disability]),
previous use of irinotecan (yes or no), and cetuximab formulation (U.S.-licensed or Europeanapproved formulation). Treatment was administered in 28-day cycles until disease progression,
unacceptable toxic effects, withdrawal of consent,
initiation of subsequent anticancer therapy, or
death. Crossover was not permitted before the
data cutoff date.
End Points

The original sole primary end point was overall
survival in the triplet-therapy group as compared
with the control group. The protocol was amended to include an additional primary end point of
the objective response rate in the triplet-therapy
group as compared with the control group, as
assessed by independent central reviewers who
were unaware of the treatment assignments, and
the initial interim analysis of overall survival (the
results of which are reported here) was added in
an attempt to expeditiously assess efficacy. Secondary end points included overall survival in
the doublet-therapy group as compared with the
control group, as well as progression-free survival, duration of response, and safety in all
groups. Tumor assessments were performed according to Response Evaluation Criteria in Solid

Tumors (RECIST), version 1.1,29 every 6 weeks
from the date of randomization for the first 24
weeks of treatment, then every 12 weeks thereafter until disease progression, withdrawal of
consent, initiation of subsequent anticancer
therapy, loss to follow-up, or death, regardless
of whether the trial treatment was discontinued.
All responses were confirmed by means of subsequent imaging performed at least 4 weeks after
the initial response. The central review of imaging data was performed retrospectively by readers who were unaware of the treatment assignments. The incidence and severity of adverse
events were assessed according to the National
Cancer Institute Common Terminology Criteria
for Adverse Events, version 4.03.30
Statistical Analysis

The type I error rate for the primary end points
was controlled with the use of a fallback procedure described by Wiens and Dmitrienko.31 The
end point of objective response rate in the triplet-therapy group as compared with the control
group was assigned a one-sided alpha level of
0.005. The remaining 0.020 was assigned to the
end point of overall survival in the triplet-therapy
group as compared with the control group.
To incorporate testing of selected secondary
end points, a gatekeeping procedure with hierarchical testing was also used to account for the
multiple comparisons (see the Supplementary
Appendix, available at NEJM.org). The trial was
not powered to formally compare the results in
the triplet-therapy group with those in the doublet-therapy group.
The sample size was driven by the secondary
end point of overall survival in the doublet-therapy group as compared with the control group.
For this comparison, we calculated that 338
deaths would be required to give the trial 90%
power to detect a hazard ratio for death of 0.70,
with the use of a stratified log-rank test at a onesided significance level of 0.025. The number of
patients who would need to be included in the
primary analysis of objective response rate in the
triplet-therapy group as compared with the control group was based on an assumption that the
objective response rate would be 10% in the
control group and 30% in the triplet-therapy
group; we calculated that 110 patients per group
would provide 88% power, at a one-sided significance level of 0.005, to show the higher objective
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response rate in the triplet-therapy group. The
end point was tested with the use of a Cochran–
Mantel–Haenszel test. The initial analysis was
performed by an independent statistician and
reviewed by the independent data monitoring
committee, which recommended whether the
sponsor would have access to unblinded data on
the basis of planned boundaries for futility and
superiority.
Unless otherwise stated, the time-to-event end
points were assessed in all patients who underwent randomization (i.e., the intention-to-treat
population). Objective response was assessed in
the first 331 patients who underwent randomization. Safety was assessed on the basis of adverse events and laboratory abnormalities and
was evaluated in patients who received at least
one dose of any trial drug and had at least one
post-treatment safety assessment. For the purposes of this summary, all reported P values are
two-sided. Additional details regarding the trial
design and analysis methods are provided in the
Supplementary Appendix.

R e sult s
Patients

A total of 1677 patients were screened for eligibility. From May 2017 through January 2019, a
total of 665 patients underwent randomization:
224 patients were assigned to the triplet-therapy
group, 220 patients to the doublet-therapy group,
and 221 patients to the control group (Fig. S1 in
the Supplementary Appendix). The characteristics
of the patients at baseline were similar across
the three groups (Table 1). Baseline characteristics of the 331 patients included in the primary
analysis of objective response rate are described
in Table S1.
Efficacy

As of the data cutoff date for this prespecified
interim analysis (February 11, 2019), the median
duration of follow-up for survival was 7.8 months
across the three groups. Kaplan–Meier curves
for survival are shown in Figure 1. The median
overall survival was 9.0 months (95% confidence
interval [CI], 8.0 to 11.4) in the triplet-therapy
group and 5.4 months (95% CI, 4.8 to 6.6) in the
control group. The risk of death was significantly
lower (by 48%) in the triplet-therapy group than
in the control group (hazard ratio, 0.52; 95% CI,
4
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0.39 to 0.70; P<0.001). The results of subgroup
analyses were consistent with those of the overall analysis (Fig. 1C). The median overall survival was 8.4 months (95% CI, 7.5 to 11.0) in the
doublet-therapy group, and the risk of death was
significantly lower than that in the control
group (hazard ratio, 0.60; 95% CI, 0.45 to 0.79;
P<0.001). In a descriptive analysis of survival
comparing the triplet regimen with the doublet
regimen, the estimated 6-month survival was
71% in the triplet-therapy group and 65% in the
doublet-therapy group (hazard ratio for death,
0.79; 95% CI, 0.59 to 1.06) (Fig. S2). In the control
group, the estimated 6-month survival was 47%.
The objective response rate was significantly
higher in the triplet-therapy group than in the
control group (Table 2 and Fig. 2). The independently reviewed confirmed objective response rate,
assessed in the first 331 patients who underwent
randomization, was 26% (95% CI, 18 to 35) in
the triplet-therapy group and 2% (95% CI, 0 to 7)
in the control group (P<0.001). The objective
response rate in the doublet-therapy group was
20% (95% CI, 13 to 29), which was also significantly higher than that in the control group
(P<0.001). A waterfall plot showing the best
percentage change from baseline in the sum of
the diameters of the target lesions in the triplettherapy group and the doublet-therapy group, as
assessed by central review, indicates differences
in the depth of response that favor the triplet
regimen; the responses as assessed by local investigators were similar to those assessed by
central review (Fig. S3 and Table S2). The influence of the number of lines of previous therapy
on response rate was assessed on the basis of
observations of higher response rates in earlier
lines of therapy in phase 2 studies and observations in the safety lead-in phase.28,32,33 The response rate among patients with only one previous line of therapy was 34% (95% CI, 23 to 47)
in the triplet-therapy group, 22% (95% CI, 14 to
33) in the doublet-therapy group, and 2% (95%
CI, 0 to 9) in the control group.
Progression-free survival (as assessed by central review) was significantly longer in both the
triplet-therapy group and the doublet-therapy
group than in the control group. The median
progression-free survival was 4.3 months (95%
CI, 4.1 to 5.2) in the triplet-therapy group, 4.2
months (95% CI, 3.7 to 5.4) in the doublet-therapy group, and 1.5 months (95% CI, 1.5 to 1.7)
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Table 1. Baseline Characteristics of the Patients Who Underwent Randomization.*
Triplet Regimen
(N = 224)

Doublet Regimen
(N = 220)

Control
(N = 221)

Male

105 (47)

115 (52)

94 (43)

Female

119 (53)

105 (48)

127 (57)

Characteristic
Sex — no. (%)

Age — yr
Median

62

61

60

Range

26–85

30–91

27–91

0

116 (52)

112 (51)

108 (49)

1

108 (48)

104 (47)

113 (51)

2

0

4 (2)

0

79 (35)

83 (38)

68 (31)

126 (56)

110 (50)

119 (54)

19 (8)

27 (12)

34 (15)

Involvement of ≥3 organs — no. (%)

110 (49)

103 (47)

98 (44)

Presence of liver metastases — no. (%)

144 (64)

134 (61)

128 (58)

133 (59)

123 (56)

122 (55)

91 (41)

97 (44)

99 (45)

1

146 (65)

146 (66)

145 (66)

2‡

78 (35)

74 (34)

76 (34)

22 (10)

19 (9)

12 (5)

179 (80)

153 (70)

178 (81)

95 (42)

79 (36)

90 (41)

ECOG performance-status score — no. (%)†

Location of primary tumor — no. (%)
Left side of the colon, including rectum
Right side of the colon
Both left and right side of the colon or unknown
location

Primary tumor removed — no. (%)
Completely resected
Partially resected or unresected
Previous lines of therapy — no. (%)

High microsatellite instability — no. (%)§
Baseline carcinoembryonic antigen level >5 μg/liter
— no. (%)
Baseline C-reactive protein level >10 mg/liter — no. (%)

*	Percentages may not total 100 because of rounding. The triplet-therapy group received encorafenib, binimetinib, and
cetuximab; the doublet-therapy group received encorafenib and cetuximab; and the control group received the investigators’ choice of either cetuximab and irinotecan or cetuximab and FOLFIRI (folinic acid, fluorouracil, and irinotecan).
†	Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher scores indicating greater disability.
‡	This category includes one patient in the triplet-therapy group and one patient in the control group who received more
than two previous lines of therapy.
§	High microsatellite instability was determined by polymerase chain reaction.

in the control group (Fig. S4). The hazard ratio
for disease progression or death was 0.38 (95%
CI, 0.29 to 0.49) in the triplet-therapy group as
compared with the control group (P<0.001) and
0.40 (95% CI, 0.31 to 0.52) in the doublet-therapy
group as compared with the control group
(P<0.001). As of the data cutoff date, the median
follow-up for progression-free survival was 5.4
months.

Safety

The most frequently occurring adverse events
and laboratory abnormalities of any cause are
summarized in Table 3. The most common adverse events in the triplet-therapy group were
gastrointestinal-related and skin-related events, including diarrhea, nausea, vomiting, and acneiform
dermatitis. Low hemoglobin level or anemia was
a common laboratory abnormality. Table S3 lists
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A Overall Survival, Triplet Regimen vs. Control

Probability of Survival

Triplet
Control

mo (95% CI)

1.0

9.0 (8.0–11.4)
5.4 (4.8–6.6)

0.9

Hazard ratio for death,
0.52 (95% CI, 0.39–0.70)
P<0.001

0.7
0.6
0.5
0.4

Triplet

0.3
0.2

Control

0.1
0.0

Probability of Survival

1.0
0.8

0

2

4

6

8

10
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B Overall Survival, Doublet Regimen vs. Control
Median Overall Survival

0.9

of

12

14

16

18

20

Median Overall Survival
mo (95% CI)

Doublet
Control

0.8

Hazard ratio for death,
0.60 (95% CI, 0.45–0.79)
P<0.001

0.7
0.6
0.5
0.4
0.3

Doublet

0.2

Control

0.1
0.0

22

0

2

4

6

8

Months

10

12

14

16

18

20

22

12
7

8
4

3
2

1
1

0
0

Months

No. at Risk
Triplet
Control

8.4 (7.5–11.0)
5.4 (4.8–6.6)

No. at Risk
224 186 141 103 69
221 158 102 60 34

37
18

24
15

14
7

6
4

4
2

2
1

0
0

220 184 133 87
221 158 102 60

Doublet
Control

57
34

33
18

21
15

C Overall Survival According to Subgroup, Triplet Regimen vs. Control
Hazard Ratio for Death vs. Control (95% CI)
Subgroup

No. of Deaths/No. of Patients

All patients
ECOG performance-status score
0
1
Previous irinotecan use
No
Yes
Region
North America
Europe
Rest of the world
No. of previous regimens for metastatic disease
1
≥2
Age
<65 yr
≥65 yr
Sex
Male
Female
No. of organs involved
≤2
≥3
Microsatellite instability status
Abnormal, high
Normal
Unknown
Baseline carcinoembryonic antigen level
Higher than the upper limit of the normal range
At or below the upper limit of the normal range
Baseline C-reactive protein level
Higher than the upper limit of the normal range
At or below the upper limit of the normal range
Location of tumor
Left side of the colon
Right side of the colon
Both sides of the colon
Unknown

204/445

0.52 (0.39–0.70)

85/227
119/218

0.63 (0.41–0.96)
0.48 (0.33–0.70)

99/219
105/226

0.53 (0.35–0.79)
0.55 (0.37–0.80)

32/59
124/275
48/111

0.91 (0.45–1.86)
0.39 (0.27–0.56)
0.74 (0.41–1.33)

123/291
81/154

0.54 (0.38–0.77)
0.53 (0.34–0.82)

130/290
74/155

0.58 (0.41–0.82)
0.48 (0.30–0.76)

100/199
104/246

0.53 (0.36–0.79)
0.54 (0.36–0.80)

104/237
100/208

0.54 (0.37–0.80)
0.50 (0.34–0.75)

18/34
140/200
46/111

0.67 (0.26–1.76)
0.44 (0.31–0.62)
0.78 (0.44–1.41)

180/257
23/87

0.54 (0.40–0.72)
0.42 (0.18–0.99)

115/185
83/247

0.61 (0.42–0.88)
0.46 (0.29–0.71)

53/147
117/245
14/30
10/23

0.43 (0.26–0.72)
0.63 (0.44–0.90)
0.74 (0.22–2.42)
0.35 (0.09–1.38)
0.1

0.2

0.5

Triplet Better

6

1.0

2.0

Control Better
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Figure 1 (facing page). Overall Survival.
Panel A shows the Kaplan–Meier analysis of the probability of survival in the triplet-therapy group as compared
with the control group, and Panel B the probability
of survival in the doublet-therapy group as compared
with the control group. Panel C shows the results of
the subgroup analysis of overall survival in the triplettherapy group as compared with the control group.
Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher
scores indicating greater disability.

selected adverse events that occurred during the
trial, grouped according to clinically similar
events that are commonly associated with BRAF
and MEK inhibitors. Class-related toxic effects

of MEK inhibitors, including serous retinopathy
and left ventricular dysfunction, occurred at rates
similar to those described previously15,16,28 and
were managed with treatment interruptions with
or without subsequent dose reduction. Adverse
events of grade 3 or higher were observed in 58%
of patients in the triplet-therapy group, in 50% in
the doublet-therapy group, and in 61% in the
control group. Discontinuation of therapy primarily because of an adverse event was seen in
7% of patients in the triplet-therapy group, in 8%
in the doublet-therapy group, and in 11% in the
control group. Fatal adverse events occurred in
4%, 3%, and 4% of the patients, respectively.
Three of the deaths were determined by the investigators to be related to treatment: one death
(in the triplet-therapy group) was from colonic

Table 2. Tumor Response in Patients with Metastatic Colorectal Cancer with the BRAF V600E Mutation.*

Variable

Triplet
Regimen
(N = 111)

Doublet
Regimen
(N = 113)

Control
(N = 107)

Objective response
Patients with a complete or partial response — no. (%)

29 (26)

23 (20)

2 (2)

95% CI

18–35

13–29

<1–7

P value vs. control

<0.001

<0.001

4 (4)

6 (5)

Partial response

25 (23)

17 (15)

2 (2)

Stable disease†

47 (42)

61 (54)

31 (29)

Best overall response — no. (%)
Complete response

0

Progressive disease

11 (10)

8 (7)

36 (34)

Could not be evaluated according to RECIST‡

24 (22)

21 (19)

38 (36)

15 (14)

19 (17)

17 (16)

9 (8)

2 (2)

21 (20)

Patients with duration of response ≥6 mo — no./total no.
of patients with a response (%)

7/29 (24)

10/23 (43)

1/2 (50)

Patients with ongoing response and <6 mo follow-up
— no./total no. of patients with a response (%)

4/29 (14)

1/23 (4)

0

Clinical progression or discontinuation because
of adverse event§
Insufficient data to assess response¶

*	All responses were confirmed and were assessed by blinded independent central review according to Response Evalu
ation Criteria in Solid Tumors (RECIST), version 1.1. The first 331 patients who underwent randomization were included in the assessment of tumor response. Percentages may not total 100 because of rounding.
†	This category refers to patients with measurable disease who had stable disease and patients with nonmeasurable disease who did not have a complete response or who did not have progressive disease according to RECIST.
‡	This category includes 3 patients in the triplet-therapy group who had a confirmed partial response as determined by
local assessment (these patients underwent scanning at outside institutions at baseline, and the scans were not available for central assessment).
§	This category refers to patients who discontinued the trial regimen because of adverse events or whose disease could
not be assessed centrally but who had clinical or radiologic disease progression according to local assessment.
¶	This category refers to patients who did not receive treatment, who withdrew consent, whose best response was stable
disease within 42 days after randomization, who had no baseline scans available, or who had no postbaseline scans
and no evidence of clinical progression or an adverse event.
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Figure 2. Best Percentage Change in Size of Target Lesions.
Shown are the best percentage changes from baseline in the sum of the diameters of the target lesions in each patient in the three groups, as determined by central review. The dashed lines at 20% and −30% indicate progressive
disease and partial response, respectively, according to Response Evaluation Criteria in Solid Tumors, version 1.1.
The asterisks indicate patients who had a complete response, partial response, or stable disease with respect to target lesions but who had a new lesion, a progressing nontarget lesion, or both.

perforation, one (in the control group) was from
anaphylaxis, and one (in the control group) was
from respiratory failure.
The median duration of exposure to trial drugs
was 21 weeks in the triplet-therapy group, 19
weeks in the doublet-therapy group, and 7 weeks
in the control group. The median relative dose
intensities were 91% in the triplet-therapy group
and 98% in the doublet-therapy group for encoraf
8

enib; 87% in the triplet-therapy group for binimeti
nib; and 91% in the triplet-therapy group and
93% in the doublet-therapy group for cetuximab.

Discussion
This initial analysis of the BEACON CRC trial
shows that the triplet regimen of encorafenib,
binimetinib, and cetuximab resulted in longer
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Table 3. Adverse Events and Selected Laboratory Abnormalities.*
Variable

Triplet Regimen
(N = 222)
Any Grade

Doublet Regimen
(N = 216)

Grade ≥3

Any Grade

Grade ≥3

Control
(N = 193)
Any Grade

Grade ≥3

number of patients (percent)
Adverse events
Any adverse event

217 (98)

128 (58)

212 (98)

108 (50)

188 (97)

117 (61)

Diarrhea

137 (62)

22 (10)

72 (33)

4 (2)

93 (48)

19 (10)

Acneiform dermatitis

108 (49)

5 (2)

63 (29)

1 (<1)

76 (39)

5 (3)

Nausea

100 (45)

10 (5)

74 (34)

1 (<1)

80 (41)

2 (1)

Vomiting

85 (38)

9 (4)

46 (21)

3 (1)

56 (29)

5 (3)

Fatigue

73 (33)

5 (2)

65 (30)

9 (4)

53 (27)

8 (4)

Abdominal pain

65 (29)

13 (6)

49 (23)

5 (2)

48 (25)

9 (5)

Decreased appetite

63 (28)

4 (2)

58 (27)

3 (1)

52 (27)

6 (3)

Asthenia

55 (25)

7 (3)

46 (21)

7 (3)

49 (25)

9 (5)

Constipation

55 (25)

0

33 (15)

0

35 (18)

2 (1)

Dry skin

46 (21)

2 (1)

24 (11)

0

13 (7)

1 (1)

Pyrexia

45 (20)

4 (2)

35 (16)

2 (1)

27 (14)

1 (1)

Rash

42 (19)

1 (<1)

25 (12)

0

27 (14)

3 (2)

Stomatitis

31 (14)

1 (<1)

12 (6)

0

44 (23)

4 (2)

Palmar–plantar erythrodysesthesia
syndrome

28 (13)

0

9 (4)

14 (7)

0

Pruritus

28 (13)

0

20 (9)

0

9 (5)

0
2 (1)

1 (<1)

Back pain

25 (11)

2 (1)

22 (10)

2 (1)

23 (12)

Blurred vision

25 (11)

0

8 (4)

0

1 (1)

0

Peripheral edema

24 (11)

1 (<1)

18 (8)

0

13 (7)

1 (1)

1 (<1)

Weight decreased

24 (11)

21 (10)

1 (<1)

11 (6)

0

Arthralgia

23 (10)

0

41 (19)

2 (1)

1 (1)

0

Cough

23 (10)

0

16 (7)

1 (<1)

10 (5)

0

Myalgia

18 (8)

0

29 (13)

1 (<1)

4 (2)

0

Dyspnea

17 (8)

2 (1)

23 (11)

2 (1)

17 (9)

5 (3)

Headache

16 (7)

0

42 (19)

0

5 (3)

0

Pain in extremity

15 (7)

0

22 (10)

0

1 (1)

0

Insomnia

11 (5)

0

24 (11)

0

11 (6)

0

Musculoskeletal pain

6 (3)

0

27 (12)

0

3 (2)

0

Melanocytic nevus

1 (<1)

0

31 (14)

0

0

0

Alanine aminotransferase

51 (23)

4 (2)

36 (17)

0

50 (26)

5 (3)

Aspartate aminotransferase

50 (23)

4 (2)

31 (14)

3 (1)

38 (20)

3 (2)

Bilirubin

12 (5)

5 (2)

16 (7)

5 (2)

16 (8)

6 (3)

Creatine kinase

52 (23)

6 (3)

6 (3)

0

13 (7)

0

Abnormal laboratory values

Creatinine

166 (75)

10 (5)

109 (50)

5 (2)

65 (34)

2 (1)

Hemoglobin

125 (56)

24 (11)

70 (32)

9 (4)

85 (44)

8 (4)

*	Shown are adverse events of any grade and selected laboratory abnormalities reported in more than 10% of patients and adverse events of
grade 3 or higher reported in more than 2% of patients in the triplet-therapy group or the doublet-therapy group. Adverse events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03, and were coded according to
the preferred terms from the Medical Dictionary of Regulatory Activities, version 21.0.
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overall survival and a higher objective response
rate than a control regimen of cetuximab plus the
investigators’ choice of irinotecan-based chemotherapy in patients with BRAF V600E–mutated
metastatic colorectal cancer who had had disease progression after one or two previous regimens. The doublet regimen of encorafenib and
cetuximab also resulted in significantly longer
overall survival and a higher objective response
rate than were seen in the control group. The
results in the control group were as expected on
the basis of recently reported prospective data in
a similar population and several published retrospective analyses.1,12,13,32,34
The triplet regimen was designed to be a combination of agents that would provide the most
effective inhibition of the MAPK pathway. Preclinical and clinical studies showed that the lack
of efficacy of single-agent BRAF or dual BRAF
and MEK inhibition in BRAF V600E–mutated
colorectal cancer is related to EGFR-mediated
adaptive feedback — a finding that led to the
development of a combination of BRAF, MEK,
and EGFR inhibition through a series of iterative
studies.17-23,25 Analyses of mechanisms of resistance in several studies reiterated the dependency of BRAF V600E–mutated metastatic colorectal cancer on the MAPK pathway, which is
composed most prominently of KRAS, NRAS,
BRAF, and MEK.17,21,22,35,36 Suppression of MAPK
signaling with encorafenib, binimetinib, and
cetuximab represented the logical therapeutic
strategy to address this persistent dependency.
Despite the documented activity of the triplet
regimen, resistance ultimately develops in many
patients, and further characterization of these
mechanisms is needed to further improve outcomes.
The trial was not powered to compare the
two experimental groups directly, and such a
comparison is further limited by the interim
nature of this analysis. The analysis of overall
survival that compared the triplet regimen with
the doublet regimen showed a hazard ratio for
death that favored the triplet regimen (0.79; 95%
CI, 0.59 to 1.06). A waterfall plot of the best
percentage change in the sum of the diameters
of the target lesions also indicated differences in
the depth of response that favored the triplet
regimen (Fig. S3).
The rate of adverse events was similar in the
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triplet-therapy group and the doublet-therapy
group, and the frequency of toxic effects of grade 3
or higher was slightly higher in the control
group than in either targeted-therapy group. The
median duration of exposure to trial treatment
was 21 weeks in the triplet-therapy group, 19 weeks
in the doublet-therapy group, and 7 weeks in the
control group. The inclusion of binimetinib as
part of the triplet regimen added some additional toxic effects that were associated with
MEK inhibition. The rate of treatment discontinuation and the relative dose intensity were
similar in the triplet-therapy group and the
doublet-therapy group. The observed safety profiles were generally consistent with those previously reported for each regimen and with the
known effects of MEK, BRAF, and EGFR inhibitors. Headache, musculoskeletal pain, arthralgia,
and myalgia occurred more frequently in the
doublet-therapy group than in the triplet-therapy
group but did not generally result in discontinuation of either component of the regimen. The
less frequent occurrence of these adverse effects
in the triplet-therapy group is consistent with
the ability of MEK inhibition to mitigate some
toxic effects associated with BRAF inhibition.15,16
This initial analysis in patients with BRAF
V600E–mutated metastatic colorectal cancer who
had had disease progression after one or two
previous regimens showed that a triplet regimen
of encorafenib, binimetinib, and cetuximab or a
doublet regimen of encorafenib and cetuximab,
as compared with current standard therapy, resulted in a significant and clinically relevant
benefit with respect to overall survival and objective response rate. The side-effect profiles of
both combination regimens allowed maintenance
of high dose intensity for the majority of patients and are consistent with the known profile
of each agent. Further follow-up is needed to
better define the relative benefits of the triplet
and doublet regimens.
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