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treatment of adult patients with metastatic colorectal carcinoma harbouring
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On 2 June 2020, a marketing authorisation valid through the European Union (EU) was issued for encorafenib in
combination with cetuximab in adult patients with metastatic colorectal carcinoma (mCRC) with the BRAFV600E
mutation who had received prior systemic therapy. Encorafenib plus cetuximab was evaluated in a randomised
phase III trial of encorafenib plus binimetinib plus cetuximab versus encorafenib plus cetuximab versus cetuximab
plus irinotecan or FOLFIRI (control arm) to adult patients with BRAFV600E mCRC who had received prior therapy for
metastatic disease. The median overall survival was 9.3 months [95% confidence interval (CI): 8.05-11.30] versus
5.88 months (95% CI: 5.09-7.10) for encorafenib plus cetuximab (doublet) versus the control arm, respectively
[hazard ratio (HR) 0.61, 95% CI: 0.48-0.77]. Progression-free survival (PFS) was 4.27 months (95% CI: 4.07-5.45)
versus 1.54 months (95% CI: 1.48-1.91) (HR 0.44; 95% CI: 0.35-0.55). The most frequent adverse events in patients
receiving encorafenib plus cetuximab were fatigue, nausea, diarrhoea, acneiform dermatitis, abdominal pain,
arthralgia, decreased appetite, vomiting and rash. The aim of this manuscript is to summarise the scientific review
of the application leading to regulatory approval in the EU.
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INTRODUCTION

Colorectal cancer (CRC) is the fourth most common cancer
worldwide, with about 1.3 million new cases and over 550
000 deaths in 2018 according to the GLOBOCAN database.1 In
Europe, CRC represents the second cancer in terms of prev-
alence and mortality, with 500 000 estimated new cases and
242 000 estimated deaths in 2018.2 Approximately 25% of
newly diagnosed patients present with metastases and 50%
of patients eventually develop metastatic disease.3

The median survival for patients who are originally
diagnosed with metastatic CRC (mCRC) is about 2 years.4,5

The standard first-line therapy for patients with mCRC
consists of a combination of chemotherapy (fluoropyr-
imidines/leucovorin with or without oxaliplatin or irinote-
can) and monoclonal antibodies (mAbs) targeting the
vascular endothelial growth factor (VEGF) or the epidermal
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growth factor receptor (EGFR).6 Recommended second-line
options depend on initial therapy, but generally include
fluoropyrimidine/leucovorin plus irinotecan (FOLFIRI) or
irinotecan with or without the anti-EGFR mAbs.7-10 Current
European Society for Medical Oncology (ESMO) and Na-
tional Comprehensive Cancer Network (NCCN) guidelines
also recommend regorafenib and trifluridine plus tipiracil as
additional options for patients with mCRC with progressive
disease after standard therapy.7,8

Since 2008, there has been extensive research into bio-
markers to guide treatment, namely RAS (KRAS and NRAS)
mutations, BRAF mutations, microsatellite instability (MSI),
and human EGFR2 (HER2) amplification. At diagnosis, 5%-
21% of patients with mCRC harbour BRAF mutations,11

which are usually (>95%) located at the V600 codon and
mutually exclusive with RAS mutations.12-15 BRAF mutations
lead to constitutive activation of BRAF kinase and sustained
RAS/RAF/MEK/ERK pathway signalling, resulting in
increased cell proliferation and survival.16 BRAF-mutated
(BRAFmut) CRC is associated with unique clinical charac-
teristics and reduced survival.17-20 Standard therapy pro-
duces substantially poorer outcomes in patients with
BRAFmutmCRC than in those with BRAF wild type (BRAFwt)
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disease both in the first-line17-19,21 and the relapse set-
tings.14,22-25 BRAF inhibitors in monotherapy or in combi-
nation with MEK inhibitors have shown minimal clinical
activity in BRAFmut mCRC in the absence of EGFR in-
hibitors,26,27 potentially due to feedback reactivation of
EGFR. This was the rationale behind the combination of
MEK/BRAF inhibitors with an EGFR inhibitor.16,28

At the time of the marketing authorisation for encorafenib,
therewere no drugs specifically approved forBRAFmutmCRC.
On 20 September 2018, encorafenib was approved, in com-
binationwith theMEK inhibitor binimetinib, for the treatment
of unresectable or metastatic BRAFmut melanoma. On 14
October 2019, Pierre Fabre Medicament (marketing author-
isation holder [MAH]) applied for an extension of indication
for encorafenib to the EuropeanMedicines Agency (EMA).The
review was conducted by the Committee for Medicinal
Products for Human Use (CHMP) and a positive opinion was
issued on 30 April 2020.

NONCLINICAL ASPECTS AND CLINICAL PHARMACOLOGY

Encorafenib is a selective ATP-competitive RAF kinase in-
hibitor that suppresses the RAF/MEK/ERK pathway in
tumour cells expressing several mutated forms of BRAF ki-
nase (V600E, D and K). Specifically, encorafenib inhibited
in vitro and in vivo BRAFV600E, D and K mutant melanoma
cell growth, but did not inhibit RAF/MEK/ERK signalling in
cells expressing wild-type BRAF.29,30

Cetuximab is a chimeric immunoglobulin G1 mAb
directed against EGFR. EGFR signalling pathways are
involved in the control of cell survival, cell cycle progression,
angiogenesis, cell migration and cellular invasion/metas-
tasis.31 Cetuximab blocks binding of endogenous EGFR li-
gands resulting in functional inhibition of the receptor and
its internalisation. Cetuximab also targets cytotoxic immune
effector cells towards EGFR-expressing tumour cells.32

In order to support the indication, previous data from
in vitro and in vivo studies with encorafenib in combination
with cetuximab and encorafenib as single agent have been
reanalysed with the focus of the doublet combination. These
studies were carried out using a panel of BRAF-mutated cell
lines and tumour xenografts considered representative of the
main gene mutations and expression profiles reported for
this patient population.12 Specifically, in the HT-29 CRC
xenograft model the triple combination of encorafenib plus
binimetinib plus cetuximab led to tumour growth inhibition,
which was not statistically superior to the combinations
encorafenib plus cetuximab or binimetinib plus cetuximab,
suggesting little added value of the triplet versus doublet
combination. Moreover, the tumour growth inhibition of the
triple combinationwas significantly stronger when compared
with encorafenib or binimetinib monotherapy, all in support
of an additive/synergistic effect of cetuximab to BRAF/MEK
inhibition that had been previously hypothesised.28

TRIAL DESIGN

The marketing authorisation application for the extension of
indication was based on the ARRAY-818-302 (BEACON CRC)
2 https://doi.org/10.1016/j.esmoop.2020.100031
study: a multicentre, randomised, open-label, phase III
clinical trial.33 Patients with BRAFmut mCRC who had dis-
ease progression after one or two previous treatment reg-
imens were randomly assigned in a 1 : 1 : 1 ratio to 28-day
courses of (i) ‘triplet’ arm: encorafenib (300 mg daily),
binimetinib (45 mg twice daily) and cetuximab (400 mg/m2

and then 250 mg/m2 weekly); (ii) ‘doublet’ arm: encor-
afenib plus cetuximab (same doses as before); or (iii) con-
trol arm. Patients assigned to the control arm received
cetuximab (same dose as before) plus irinotecan (180 mg/
m2 on days 1 and 15) or cetuximab plus FOLFIRI. Doses for
FOLFIRI were 5-FU: 400 mg/m2 followed by 1200 mg/m2/
day for 2 days on days 1 and 15; leucovorin: 180 mg/m2 on
days 1 and 15; and irinotecan (180 mg/m2 on days 1 and
15). This randomised trial was preceded by a phase Ib trial
that determined the maximum tolerated dose of the
encorafenib plus cetuximab doublet combination34 and a
combined safety lead-in (CSLI) study evaluating the safety
and tolerability of the triplet combination.35

The primary endpoints of the BEACON trial were overall
survival (OS) and objective response rate (ORR) in the triplet
arm as compared with the control arm (with a one-sided
alpha of 0.025 and 0.005, respectively, using a ‘fallback
procedure’36). The ORR and progression-free survival (PFS)
were determined by a blinded independent review com-
mittee (BIRC) as per RECIST, version 1.1. A key secondary
endpoint was OS in the doublet arm as compared with the
control arm. Other secondary endpoints were PFS, duration
of response and safety in all groups.
CLINICAL EFFICACY

A total of 1677 patients were screened for eligibility. From
May 2017 through January 2019, a total of 665 patients un-
derwent randomisation: 224were assigned to the triplet arm,
220 to the doublet arm, and 221 patients to the control arm.
Patients' baseline characteristics were comparable across the
three groups, including age, Eastern Cooperative Oncology
Group (ECOG) performance status (PS), proportion of patients
with a completely resected primary tumour, primary tumour
location and number and location of metastases.

This submission was initially intended to support a new
indication for encorafenib and binimetinib in combination
with cetuximab but, during the procedure, the binimetinib
application was withdrawn by the MAH and the assessment
focused on the doublet versus control arm comparisons
(secondary endpoints). At the cut-off date (COD) of August
2019, the median OS was 9.3 versus 5.88 months for the
doublet versus the control group, respectively [hazard
ration (HR) 0.61, 95% confidence interval (CI): 0.48-0.77; P
< 0.0001]; median PFS was 4.27 versus 1.54 months,
respectively (HR 0.44; 95% CI: 0.35-0.55); and ORR was
19.5% versus 1.8%, respectively (Table 1 and Figure 1).

An exploratory multivariate Cox regression model, strat-
ified by ECOG PS, prior irinotecan use and cetuximab source
revealed that the difference in OS for the doublet versus the
control arm was consistent with the primary analysis (HR
0.49; 95% CI: 0.36-0.67).
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Table 1. Favourable andunfavourable effects for cetuximabplus encorafenib versus cetuximab plus irinotecanor FOLFIRI (BEACON trial; cut-off dateAugust 2019)

Effect Unit Cetuximab D
encorafenib

Cetuximab D
irinotecan or FOLFIRI

Uncertainties/
strength
of evidence

Favourable effects (updated results, August 2019)
OS Months (95% CI) 9.3 (8.0-11.3) 5.9 (5.1-7.1) Secondary endpoint

HR (95% CI) 0.61 (0.48-0.77)
PFS Months (95% CI) 4.3 (4.1-5.5) 1.5 (1.5-1.9) Secondary endpoint

HR (95% CI) 0.44 (0.35-0.55)
Unfavourable effects
Grade 3-4 AEs (related) % 21.3 42.5
Fatigue % (grade 3-4) 33.3 (4.2) 28.0 (4.7)
Diarrhoea % (grade 3-4) 38.4 (2.8) 48.7 (10.4)
Nausea % (grade 3-4) 38.0 (0.5) 43.5 (1.6)
Vomiting % (grade 3-4) 27.3- (1.4) 31.6 (3.1)
Dermatitis acneiform % (grade 3-4) 29.2 (0.5) 39.4 (2.6)
Headache % (grade 3-4) 19.9 (0.0) 2.6 (0.0)
Abdominal pain % (grade 3-4) 27.8 (3.2) 28.0 (5.2)
Decreased appetite % (grade 3-4) 31.0 (1.4) 29.0 (3.2)
Arthralgia % (grade 3-4) 22.7 (1.4) 1.6 (0.0)
Anaemia % (grade 3-4) 16.2 (5.6) 19.2 (6.7)
Haemorrhage % (grade 3-4) 19.0 (1.9) 8.8 (0.0)

AEs, adverse events; CI, confidence interval; HR, hazard ration; OS, overall survival; PFS, progression-free survival.

HR (95% CI): 0.61 (0.48-0.77)

Median OS in months (95% CI)

Doublet (128 events)
9.3 (8.0-11.3)

Control (157 events)
5.9 (5.1-7.1 )

Figure 1. Updated overall survival analysis of the doublet (cetuximab plus
encorafenib) versus control arm (cetuximab plus irinotecan or FOLFIRI) (BEA-
CON trial, cut-off date August 2019).
CI, confidence interval; HR, hazard ratio; OS, overall survival.
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CLINICAL SAFETY

At the August 2019 COD, the median duration of exposure
was 19.3 weeks in the doublet arm compared to 7.0 in the
control arm. Over 40% of patients in the doublet arm
received a minimum of 24 weeks of therapy, compared to
only 12.4% of patients in the control arm. The median
relative dose intensities were 98% (encorafenib) and 93.5%
(cetuximab) in the doublet arm and 85.4% (cetuximab) and
75.7% (irinotecan) in the control arm.

Adverse events (AEs) occurred in 98.1% versus 97.4% of
patients, and were grade (National Cancer Institute, Com-
mon Toxicity Criteria for Adverse Events, version 4.03)37

�3 in 57.4% versus 64.2%, respectively. The most
frequent AEs were fatigue (33.3% versus 28.0%), nausea
(38.0% versus 43.5%), diarrhoea (38.4% versus 48.7%),
stomatitis (6.0% versus 23.3%), neutropenia (1.4% versus
18.7%), acneiform dermatitis (30.1% versus 39.9%),
abdominal pain (27.8% versus 28.0%), arthralgia (22.7%
versus 1.6%), decreased appetite (31.0% versus 29.0%),
vomiting (27.3% versus 31.6%), myalgia (15.3% versus
Volume 6 - Issue 1 - 2021
2.1%), musculoskeletal pain (13.4% versus 2.6%), melano-
cytic nevus (15.7% versus none), headache (19.9% versus
2.6%) and pain in extremity (11.6% versus 1.0%) (Table 1).
The doublet combination did not result in an increased
frequency of secondary skin neoplasms. The percentage of
patients who died on treatment was 17.6% in the doublet
arm versus 15% in the control arm. The adjusted rate of on-
treatment AEs resulting in death was 0.74 per 100 patient-
months of exposure in the doublet arm and 2.06 in the
control arm. No unexpected AEs of special interest were
identified in the doublet combination.
BENEFITeRISK ASSESSMENT

The pivotal trial supporting this application was a well-
designed randomised controlled international clinical
study. It had two primary endpoints (ORR and OS) of which
OS was the most relevant from a regulatory point of view.
Importantly, both primary endpoints referred to the com-
parison of triplet versus control arm, whereas the difference
in OS of the doublet versus control arm was a secondary
endpoint, without prespecified multiplicity adjustment for
this comparison. This initial submission, incorporating data
from the February 2019 COD, revealed a trend towards a
longer OS for patients receiving the triplet versus doublet
combination (HR 0.79; 95% CI: 0.59-1.06; P ¼ 0.0582) but
with a virtually identical PFS. This surprising result (different
OS with a similar PFS) was raised as a major objection by
the CHMP. Updated results from the August 2019 COD
revealed an even smaller difference in OS between the
triplet and doublet combination (HR 0.95; 95% CI: 0.74-
1.21) which, coupled with a more favourable toxicity profile
for the doublet combination, led to the withdrawal of
binimetinib from this marketing authorisation.

When focusing on the doublet versus control arm com-
parison, the survival gain observed in the doublet arm was
considered robust and clinically relevant. At the August
https://doi.org/10.1016/j.esmoop.2020.100031 3

https://doi.org/10.1016/j.esmoop.2020.100031
https://doi.org/10.1016/j.esmoop.2020.100031


ESMO Open A. Trullas et al.
COD, the median OS for the doublet arm was 3.42 months
longer than for the control arm (P < 0.0001, stratified log-
rank test), which was consistent with other efficacy end-
points such as PFS and ORR. This large and consistent effect,
coupled with a strong biologic rationale (the combination of
BRAF plus EGFR inhibitors may optimise MAPK suppression
leading to improved efficacy in BRAF-mutated mCRC
compared with BRAF inhibitor monotherapy), was deemed
sufficient for approval despite being a secondary endpoint
of the pivotal trial. The tolerability and safety profile of the
doublet combination was acceptable and favourable
compared with either the control arm (Table 1) or the
triplet combination (data not shown).

In conclusion, the benefiterisk balance was considered
positive. The CHMP recommended an approval for encor-
afenib in combination with cetuximab, for the treatment of
adult patients with mCRC with a BRAFV600E mutation, who
have received prior systemic therapy. The recommended
dose of encorafenib is 300 mg (four 75-mg capsules) once
daily, when used in combination with cetuximab. This was
added to the prior indication in combination with binime-
tinib for the treatment of adult patients with unresectable
or metastatic melanoma with a BRAFV600 mutation.
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