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Background: Colorectal cancer (CRC) is still a leading cause of cancer-related deaths in the United States and worldwide,
despite recent improvements in cancer management. CRC, like many malignancies, is a heterogeneous disease, with
subtypes characterized by genetic alterations. One common mutation in CRC is in the BRAF gene (most commonly
V600E substitution). This occurs in w10% of patients with metastatic CRC (mCRC) and is a marker of poor prognosis.
Design: Herein, we review the clinical and translational literature on the role of the BRAF V600E mutation in the
pathogenesis of mCRC, its mechanisms as a prognostic marker, and its potential utility as a predictive marker of
treatment response. We then summarize the current evidence-based recommendations for management of BRAF
V600E-mutated mCRC, with a focus on recent clinical research advances in this setting.
Results: The current standard therapies for first-line treatment of BRAF-mutated mCRC are chemotherapy with
bevacizumab as well as 5-fluorouracil, leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI) plus bevacizumab in
patients with a good performance status. Combination strategies involving mitogen-activated protein kinase (MAPK)
pathway blockade have shown promising results for the treatment of patients with BRAF V600E-mutated mCRC. The
Binimetinib, Encorafenib, And Cetuximab cOmbiNed to treat BRAF-mutant ColoRectal Cancer (BEACON CRC) study
represents the largest study in this population to date and has given strong clinical evidence to support BRAF and
epidermal growth factor receptor inhibition with the combination of encorafenib plus cetuximab.
Conclusions: The treatment of BRAF-mutated mCRC has evolved rapidly over the last several years. Recently,
combination strategies involving MAPK pathway blockade have shown promising results in BRAF V600E-mutated
mCRC, and other potential targets continue to be explored. In addition, a greater understanding of the role of BRAF
V600E mutation in the pathogenesis of CRC should also continue to fuel advances in the management of patients
with mCRC harboring this genetic aberration.
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INTRODUCTION

Despite recent improvements in cancer research, colorectal
cancer (CRC) is the second leading cause of cancer-related
deaths in the United States, with w147 950 new cases
and 53 200 deaths per year.1,2 Worldwide, CRC is the sec-
ond highest cause of cancer-related mortality as well as the
third most common cancer.3

For patients diagnosed with CRC at an early stage of the
disease, surgery is the primary treatment modality and can
be curative. However, a large number of patients are
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diagnosed at an advanced/metastatic stage of the disease,
with a 5-year survival rate of roughly 14%.2 For these pa-
tients, treatment has been based largely on chemotherapy.
Common agents include irinotecan- or oxaliplatin-based
combinations such as 5-fluorouracil (5-FU), leucovorin,
and irinotecan (FOLFIRI); 5-FU, leucovorin, and oxaliplatin
(FOLFOX); 5-FU, leucovorin, oxaliplatin, and irinotecan
(FOLFOXIRI); capecitabine and irinotecan (CAPIRI); or
capecitabine and oxaliplatin (CAPOX) regimens.4 These
therapies have demonstrated a median survival of w17-23
months.5-7 Improvements in overall survival (OS) for pa-
tients with metastatic CRC (mCRC) have more recently been
observed with targeted therapies, such as antibodies
against the epidermal growth factor receptor (EGFR) and
vascular endothelial growth factor (VEGF).8-15

CRC, like many malignancies, is a heterogeneous disease,
with subtypes characterized by genetic alterations. For
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example, mutations in the BRAF gene occur in w12% of
patients with mCRC, with recent estimates ranging from as
low as 5% to as high as 21%.16-22 A majority of these mu-
tations resulted in a V600E substitution.23 These mutations
are associated with the female sex, are often right-sided
and advanced stage, are of a mucinous histology, have
defective mismatch repair, and have a serrated adenoma
pathway.22,24,25 Patients with BRAF V600E-mutated CRC
have a median OS of w11 months, highlighting their poor
prognosis, as well as a lack of response to standard thera-
pies.24,25 Of note, non-V600E BRAF mutations occur in
w2.2% of all patients with mCRC and mostly define a
clinically distinct subtype of CRC with a good prognosis.25

Although there are no current treatment recommenda-
tions for non-V600E BRAF-mutated CRC, patients with this
subtype have a similar prognosis as those with wild-type
RAS/BRAF (RAS WT/BRAF WT).26 Several case reports sug-
gest that anti-EGFR therapy may benefit patients with non-
V600 BRAF-mutated CRC.26,27

ROLE OF BRAF MUTATIONS IN CRC PATHOPHYSIOLOGY

Mutations in the BRAF gene in CRC pathogenesis develop
within the serrated pathway (Figure 1A). Tumors with BRAF
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Figure 1. (A) The RAS/BRAF/MEK/ERK and the PI3K/AKT/mTOR pathways and (B)
(A) In the absence of inhibitors, BRAF protein with a V600E mutation activates MEK
and angiogenesis. ERK activation suppresses EGFR-mediated RAS activation thr
(encorafenib, dabrafenib, vemurafenib) blocks the activity of mutated BRAF, subse
activation of the MAPK pathway. Adding an EGFR inhibitor (cetuximab, panitumu
metinib, trametinib) or PI3K inhibitor (alpelisib) further suppresses MAPK signalin
EGFR, epidermal growth factor receptor; mTOR, mechanistic target of rapamycin; PI3
phosphatidylinositol (3,4,5)-trisphosphate; PTEN, phosphatase and tensin homolog.
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V600E mutations are often associated with a high muta-
tional burden, microsatellite instability (MSI), and a CpG
island methylator phenotype (CIMP), with high levels of
epigenetic modulation of gene expression through DNA
methylation.22,28-30 BRAF-mutant tumors have been found
to be 70% CIMP-high31 and were more frequently found
in MSI-high (MSI-H) tumors (w30%-50%) relative to
microsatellite-stable (MSS) tumors.29,32 Recently, four
distinct subgroups in CRC [i.e. the consensus of molecular
subtypes (CMS)] were identified based on intrinsic gene
expression profile patterns.33 The majority of BRAF-mutant
CRCs are CMS subtype 1 (MSI immune), which are associ-
ated with deficient DNA repair, hypermethylation, and high
mutational burden.33 This is consistent with the findings
from The Cancer Genome Atlas project.

Two subtypes of BRAF-mutant CRC classification, BM1
and BM2, have also been reported based on differential
gene expression with distinct molecular patterns.21 BM1 is
characterized by KRAS/AKT pathway activation, mecha-
nistic target of rapamycin kinase/eukaryotic translation
initiation factor 4E-binding protein 1 deregulation, and
epithelialemesenchymal transition-related processes with
KRAS signaling and immune response, whereas BM2 is
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and ERK resulting in cell proliferation, suppression of apoptosis, cell migration,
ough negative feedback on EGFR. (B) Monotherapy with a BRAF inhibitor
quently removing the negative feedback on EGFR and resulting in paradoxical
mab) prevents this paradoxical activation. Addition of a MEK inhibitor (bini-
g.
K, phosphoinositide 3-kinase; PIP2, phosphatidylinositol 4,5-bisphosphate; PIP3,
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characterized by dysregulation of the cell cycle and cycle
checkpoint-related processes.21,34 This two-subtype clas-
sification of BRAF-mutant CRC may help explain differ-
ences in response to treatment and may be useful for
predicting individual patient prognosis, with patients
belonging to the BM1 subtype exhibiting a worse
outcome.21,34

BRAF MUTATIONS AS PROGNOSTIC FACTORS

The prognostic value of BRAF V600E mutations in CRC has
been demonstrated in several clinical studies, which
showed BRAF mutations associated with poor survival
relative to patients with BRAF WT CRC.35-42 Median survival
can be approximately twofold to threefold longer in pa-
tients with WT tumors relative to BRAF-mutant mCRC (i.e.
2-3 years versus 1 year, respectively).13,14,35,40,41,43 These
findings are largely consistent with prospective mutational
analyses from randomized controlled studies as well as
retrospective studies in the literature that have found BRAF
mutations to be a prognostic biomarker.24,41,42

The poor prognosis of BRAF-mutant mCRC may be due, in
part, to aberrant programmed cell death.44,45 BRAF V600E
mutations have been shown to suppress expression of
caudal type homeobox 2 (CDX2), a tumor suppressor and
transcription factor involved in the regulation of intestinal
epithelial cell differentiation, cell adhesion, and polarity.
Metastases and poor prognosis in CRC have been associated
with the loss of CDX2.46 Given their overall favorable
prognosis, MSI-H tumors may attenuate the adverse prog-
nostic impact of BRAF mutations, in particular in earlier-
stage disease.47,48 BRAF-mutated MSI-H tumors have a
less aggressive clinical phenotype and improved OS relative
to BRAF-mutant MSS tumors.24,41

Several studies have proposed that the BRAF V600E
mutation is a predictive marker for limited sensitivity
to EGFR monoclonal antibodies (e.g. cetuximab, pan-
itumumab) alone or when combined with chemotherapy.36

Based on these findings, exploration of relevant therapeutic
strategies targeting the unique tumor biology of the BRAF-
mutant CRC population is warranted.

TREATMENT OF BRAF-MUTANT CRC

There are a number of therapeutic options available for
patients with BRAF-mutated mCRC (Figure 1B). Systemic
chemotherapy has been the foundation of therapy for the
past several decades. For example, the National Compre-
hensive Cancer Network (NCCN) guidelines note that com-
bination chemotherapy provides survival benefit and
remains the agreed standard of care in patients with
appropriate performance status.49 First-line chemotherapy
options include FOLFOX, FOLFIRI, and capecitabine plus
oxaliplatin.49 The TRIplet plus BEvacizumab (TRIBE) study
evaluated FOLFIRI plus bevacizumab versus FOLFOXIRI plus
bevacizumab as initial therapy in 508 patients with mCRC.50

A total of 28 patients with BRAF V600E mutations were
enrolled (12 patients in the FOLFIRI arm, 16 patients in the
FOLFOXIRI arm). The median OS was 37.1 months in the
Volume 32 - Issue 8 - 2021
RAS and BRAF WT subgroup and 13.4 months in the BRAF
mutation subgroup [hazard ratio (HR) 2.79; 95% confidence
interval (CI) 1.75-4.46; P < 0.0001].13 The median OS of
patients with BRAF V600E mutations treated with FOL-
FOXIRI plus bevacizumab in the TRIBE study was 19.0
months compared with 10.7 months in the FOLFIRI plus
bevacizumab arm (HR 0.54; 95% CI 0.24-1.20). Based on an
analysis of treatment effect and BRAF mutation status,
patients with BRAF V600E mutations appeared to derive
equivalent benefit as their BRAF WT counterparts from
FOLFOXIRI versus FOLFIRI. However, these findings were not
confirmed on the follow-up phase III TRIBE-2 trial, during
which patients were randomized to FOLFOXIRI plus bev-
acizumab or to FOLFOX plus bevacizumab followed by
FOLFIRI plus bevacizumab.51 In addition, a recent meta-
analysis of five randomized trials comparing FOLFOXIRI
plus bevacizumab to a doublet combination plus bev-
acizumab failed to show on subgroup analysis any advan-
tage to FOLFOXIRI plus bevacizumab.52 We conclude that
there is insufficient evidence of a clear benefit to a triplet
cytotoxic regimen over doublet chemotherapy in the front-
line treatment of BRAF V600E-mutated mCRC.

Targeted therapies are also recommended in several
guidelines for some patients with BRAF-mutant CRC. Pa-
tients with BRAF-mutated tumors appear to benefit from
anti-VEGF therapy, similar to patients with BRAF WT tu-
mors, as shown in a retrospective analysis of the pivotal
mCRC phase III study and a post hoc analysis of the phase III
Australian Gastrointestinal Trials Group Mitomycin, Avastin,
Xeloda (AGITG MAX) trial.28,34,37,53 Other VEGF inhibitors,
such as ramucirumab and ziv-aflibercept, would presumably
have potential therapeutic benefit based on similar mech-
anism of action, but have limited evidence in patients with
BRAF-mutant CRC.54,55

The EGFR monoclonal antibodies cetuximab and pan-
itumumab are United States Food and Drug Administration
(FDA)-approved for use in patients with KRAS and NRAS
(RAS) WT mCRC.56,57 BRAF V600E-mutated CRC tumors are
postulated to be resistant to EGFR inhibition based on
activation of the mitogen-activated protein kinase (MAPK)
pathway by BRAF mutations downstream of EGFR.28 There
is currently limited evidence that the addition of anti-EGFR
therapy to chemotherapy results in a clinically significant
benefit in BRAF-mutated mCRC.14,38,40,42 A retrospective
analysis of prospectively conducted trials did not show a
significant additive benefit from anti-EGFR therapy.58 In
addition, the combination of cetuximab and irinotecan, with
or without vemurafenib, was associated with modest out-
comes in second- and third-line treatment of metastatic
BRAF V600E-mutated mCRC.59 In the refractory setting,
EGFR-targeted therapies do not have high single-agent ac-
tivity in patients with BRAF-mutated mCRC and thus are not
likely to provide a benefit to these patients, based on data
from a small number of patients.36,60-62

BRAF inhibitors as single agents have only shown modest
activity as monotherapy in BRAF-mutated mCRC, with
response rates of w5% (Table 1).62,63 Preclinically, BRAF-
mutant CRC cells have decreased sensitivity to BRAF
https://doi.org/10.1016/j.annonc.2021.03.206 961
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Table 1. Clinical trials with BRAF inhibitors in BRAF-mutated mCRC

Treatment Patients, n RR (%) mPFS (months) mOS (months)

BRAF inhibitor monotherapy or with MEK inhibitor
BRAF þ MEK inhibitor Vemurafenib63 21 5 2.1 7.7

Vemurafenib64 10 0 4.5 9.3
Encorafenib65 18 0 4 d
Dabrafenib þ trametinib66 43 12 3.5 d

BRAF inhibitor plus anti-EGFR antibody
BRAF þ EGFR inhibitor Vemurafenib þ cetuximab64 27 3.7 3.7 7.1

Vemurafenib þ panitumumab67 15 13 3.2 7.6
Dabrafenib þ panitumumab68 20 10 3.5 d
Encorafenib þ cetuximab69 50 22 4.2 d
Encorafenib þ cetuximab70 220 20 4.2 8.4

BRAF inhibitor and anti-EGFR antibody with
MEK or PI3K inhibitors
BRAF þ MEK þ EGFR inhibitors Dabrafenib þ trametinib þ panitumumab68 91 21 4.2 9.1

Encorafenib þ cetuximab þ binimetinib70 224 26 4.3 9.0
BRAF þ EGFR þ PI3K inhibitors Encorafenib þ cetuximab þ alpelisib69 52 27 5.4 15.2

BRAF inhibitor and anti-EGFR antibody and chemotherapy
BRAF þ EGFR inhibitors þ irinotecan Vemurafenib þ cetuximab þ irinotecan59 106 16 4.4 d

EGFR, epidermal growth factor receptor; mCRC, metastatic colorectal cancer; mOS, median overall survival; mPFS, median progression-free survival; PI3K, phosphoinositide
3-kinase; RR, response rate.
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inhibitors relative to melanoma cells, with transient
suppression of phosphorylated ERK followed by rapid EGFR-
mediated reactivation of RAS and C-RAF.71 The activity of
BRAF inhibitors may be circumvented by the reactivation of
EGFR, explaining in part the modest efficacy relative to
melanoma cells, which express low levels of EGFR.72 BRAF
and EGFR inhibitor combinations resulted in synergistic in-
hibition of tumor growth in BRAF V600E-mutant CRC
xenograft models.71,72 Subsequent clinical studies of EGFR-
targeted monoclonal antibodies combined with BRAF inhi-
bition suggested improved activity compared with that of
single-agent BRAF inhibitors (Table 1).62,64,67-70

Acquired oncogene mutations (i.e. KRAS, NRAS, and
MAPK 1) and copy number amplifications in BRAF are
observed in analyses of resistance mechanisms to BRAF-
targeted therapies and may help explain the loss73,74 of
response.71 Additional targeted agents against effectors in
this pathway could result in deeper antitumor responses
and provide a rationale for dual inhibition of multiple tar-
gets to attempt to improve outcomes for patients with
BRAF V600E-mutated mCRC.

To test the therapeutic utility of these findings, several
clinical trials have been conducted with combinations of
agents, with the goal of overcoming resistance to BRAF
inhibitor monotherapy. For example, the combination of
vemurafenib and cetuximab was evaluated in 27 patients
with BRAF V600E-mutated mCRC. One patient had a par-
tial response and 69% had stable disease with a median
OS and progression-free survival (PFS) of 7.1 and 3.7
months, respectively.64 The combination of vemurafenib
and panitumumab was also investigated in 15 pre-treated
patients with BRAF V600E-mutated mCRC. Results from
this trial included two patients with partial response and
six with stable disease.67 Additional treatments involving
other combinations of BRAF and EGFR inhibitors have also
been explored clinically with response rates ranging from
10% to 39%.69,75,76 The combination of BRAF and MEK
962 https://doi.org/10.1016/j.annonc.2021.03.206
inhibitors has been evaluated in patients with BRAF-
mutated mCRC, resulting in a modest overall response rate
(ORR) of 12% and a median PFS of 3.5 months (95% CI 3.4-
4.0 months in a study of 43 patients treated with dabra-
fenib and trametinib).62

The doublet combination of the BRAF inhibitor encor-
afenib and the EGFR monoclonal antibody cetuximab
showed promising activity in early clinical trials.69,77 The
addition of an MEK inhibitor to BRAF inhibition has also
been found to increase inhibition of the MAPK pathway and
produce potentially greater antitumor activity in preclinical
and initial clinical studies.68,78

Triplet combinations have been evaluated in an attempt to
improve outcomes for patients with BRAF-mutant mCRC. The
combinations of dabrafenib plus panitumumab, dabrafenib
and trametinib plus panitumumab, and trametinib plus pan-
itumumab were explored in a recent trial, which resulted in
an improved ORR for the triplet therapy, but with an increase
in certain adverse events such as grade 3/4 diarrhea relative
to the doublet regimens.68 Combination with phosphoinosi-
tide 3-kinase (PI3K) inhibitors has also been explored. In a
phase Ib dose-escalation study, the combinations of encor-
afenib and cetuximab versus encorafenib, cetuximab, and the
PI3K inhibitor alpelisib were evaluated in 28 patients with
refractory BRAF-mutated CRC. An ORR of 18% and a disease
control rate of 93% were reported for the triplet regimen of
encorafenib, cetuximab, and alpelisib.77 In a subsequent
phase II study in 52 patients treated with these regimens, PFS
was numerically higher for the triplet versus the doublet
regimen (5.4 versus 4.2 months), with higher frequency of
adverse events with the triplet, including anemia, hypergly-
cemia, and increased lipase.69 Additional combinations, such
as vemurafenib, cetuximab, and irinotecan, as well as irino-
tecan and cetuximab, with or without vemurafenib, have
been tested with modest efficacy results.59,79

Recently, the initial results of the phase III BEACON
trial were published, in which 665 patients with BRAF
Volume 32 - Issue 8 - 2021
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V600E-mutated mCRC who had had disease progression
after one or two previous treatment regimens were
randomized 1 : 1 : 1 to receive encorafenib, cetuximab,
and binimetinib (a MEK inhibitor) versus encorafenib and
cetuximab versus irinotecan plus FOLFIRI and cetux-
imab.70,80-82 More than 90% of patients received prior
oxaliplatin and w52% of patients received prior irinote-
can before enrollment into this study. This trial represents
the largest cohort ever studied for this population and
the first phase III trial to demonstrate a survival and
response advantage in the setting of pre-treated BRAF-
mutated CRC. In the BEACON CRC study, eligible patients
were stratified by the Eastern Cooperative Oncology
Group performance status, prior use of irinotecan, and
cetuximab formulation (US-licensed versus European-
approved). Primary endpoints for the BEACON CRC
study were OS and independently reviewed confirmed
ORR for the triplet combination compared with the
control. A key secondary endpoint was OS for the
encorafenib plus cetuximab regimen versus control. Other
secondary endpoints included OS for the doublet arm
compared with the control arm as well as PFS, duration
of response, and safety.

In the most recent analysis of the BEACON CRC study, the
encorafenib plus cetuximab regimen significantly improved
OS relative to the control group, with a median OS of 9.3
months (95% CI 8.0-11.3 months) compared with 5.9 months
(95% CI 5.1-7.1 months) for the control regimens (HR 0.61;
95% CI 0.48-0.77). The OS results were consistent across a
broad range of subgroups.83 Efficacy was similar when bini-
metinib was added to the encorafenib plus cetuximab
regimen and both regimens had significantly improved effi-
cacy and quality of life assessments relative to the control in
patients with BRAF V600E-mutated mCRC whose disease had
progressed after one or two prior regimens.70,80,81,83 In the
updated analysis, confirmed ORR results by blinded inde-
pendent review based on all randomized patients were
26.8% (95% CI 21.1% to 33.1%) for triplet, 19.5% (95% CI
14.5% to 25.4%) for doublet, and 1.8% (95% CI 0.5% to 4.6%)
for control.83 For median PFS, the updated results were 4.5
months (95% CI 4.2-5.4 months), 4.3 months (95% CI 4.1-5.4
months), and 1.5 months (95% CI 1.5-1.9 months) for triplet,
doublet, and control, respectively, with HRs of 0.42 (95% CI
0.33-0.53) and 0.44 (95% CI 0.35-0.55) for the triplet and
doublet, respectively, compared with the control.83 These
data compare favorably with the prior results from studies of
irinotecan and cetuximab with or without vemurafenib.59,79

The safety and tolerability profiles of both the triplet and
the doublet combinations were consistent with the known
profiles of the component agents.70 Grade 3 or higher
adverse events were seen in 58% of patients who received
the triplet regimen, 50% of those in the doublet group, and
61% of those in the standard-therapy group. Both experi-
mental treatment arms had similar rates of adverse events,
and the frequency of grade 3 or higher toxicity was slightly
higher in the control arm than in either targeted therapy
treatment arm, with a median duration of exposure to study
treatment of 21, 19, and 7 weeks in the triplet, doublet, and
Volume 32 - Issue 8 - 2021
control arms, respectively. Binimetinib as part of the triple
combination does add some additional toxicity associated
with MEK inhibition. Overall, anemia, dermatitis acneiform,
diarrhea, nausea, and vomiting (all grades) were reported at
a higher incidence (>10.0% difference in incidence) in the
triplet arm than in the doublet arm, whereas headache and
melanocytic nevus were reported at a higher incidence in the
doublet arm than in the triplet arm.

These outcomes represent the first survival benefit in this
patient population and an improvement over the current
standard of care. The results of the BEACON CRC study
provide support for encorafenib plus cetuximab to be a new
standard of care for patients with mCRC with a BRAF V600E
mutation who have received prior systemic therapy. The
FDA and European Commission approved the doublet
regimen for the treatment of BRAF V600E-mutated mCRC
after prior therapy in April and June 2020, respectively. At
the same time, the FDA approved a therascreen BRAF
V600E Rotor-Gene-Q PCR assay as a companion diagnostic
to encorafenib. The doublet and triplet regimens are both
approved for use in Japan for the treatment of BRAF V600E-
mutated mCRC. Some patient populations may benefit
more from triplet than doublet therapy, as suggested by
exploratory subgroup analyses (such as patients with
involvement of more than two organs and patients with
high C-reactive protein levels at baseline), but they should
only be considered hypothesis generating until further
prospective research is available to validate these obser-
vations. At this time, the combination of encorafenib plus
cetuximab is considered the standard of care for second-
and third-line BRAF V600E-mutated mCRC, irrespective of
the patient’s clinical characteristics. Accrual for a single-arm
study to evaluate the triplet regimen in the first-line setting
was recently completed [encorAfenib, biNimetinib and
Cetuximab in subjects witH previOusly untreated BRAF-
mutant ColoRectal Cancer (ANCHOR CRC), NCT03693170].
In the first 40 assessable patients from ANCHOR CRC,
investigator-assessed confirmed ORR was 50% (95% CI
33.8% to 66.2%) and median PFS was 4.9 months (95% CI
4.4-8.1 months). A decrease in tumor size was observed in
85% of patients. Adverse events have been consistent with
those observed in prior studies of the triplet combination.84
EVIDENCE-BASED GUIDELINE RECOMMENDATIONS

The NCCN has published updated guidelines with specific
testing and treatment recommendations related to BRAF-
mutant mCRC. For testing, the NCCN recommends that all
patients with mCRC should have tumor tissue genotyped for
RAS (KRAS and NRAS) and BRAF mutations individually or as
part of a next-generation sequencing (NGS) panel.49 Pa-
tients with any known KRAS mutation (exon 2, 3, 4) or NRAS
mutation (exon 2, 3, 4) should not be treated with either
cetuximab or panitumumab. BRAF V600E mutation makes
response to panitumumab or cetuximab highly unlikely
unless given with a BRAF inhibitor. In the United States,
testing for KRAS, NRAS, and BRAF mutations should be
carried out only in laboratories that are certified under the
https://doi.org/10.1016/j.annonc.2021.03.206 963
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clinical laboratory improvement amendments of 1988 as
qualified to perform ‘high-complexity’ clinical laboratory
(molecular pathology) testing. No specific methodology,
such as sequencing or hybridization, is recommended. The
testing can be carried out on the primary CRCs and/or the
metastasis, as literature has shown that the KRAS, NRAS,
and BRAF mutations are similar in both specimen types.

The NCCN panel recommends BRAF genotyping of tumor
tissue (either primary tumor or metastasis) at diagnosis of
stage IV disease. Testing for the BRAF V600E mutation can
be carried out on formalin-fixed paraffin-embedded tissues
and is usually carried out by PCR amplification and direct
DNA sequence analysis. Allele-specific PCR, NGS, and
immunohistochemistry are other acceptable methods for
detecting this mutation.49

Current NCCN consensus guidelines recommend combi-
nation chemotherapy for first-line treatment for patients
with mCRC and a suitable performance status, including
those with a BRAF mutation. First-line chemotherapy op-
tions generally include irinotecan- or oxaliplatin-based
combinations.49 Bevacizumab may also be added, as pre-
viously discussed.

Following progression of BRAF V600E-mutated mCRC
after first-line treatment, subsequent systemic therapy
recommendations from the NCCN include the combination
of encorafenib in addition to EGFR inhibition with cetux-
imab or panitumumab.49 Triplet regimens containing dab-
rafenib plus trametinib plus cetuximab or panitumumab
and encorafenib plus binimetinib plus cetuximab or pan-
itumumab were removed as treatment options for BRAF
V600E-mutated mCRC in the latest version of the NCCN
guidelines. The NCCN based this recommendation on results
from the BEACON CRC trial.49,70,81

It should be recognized that among patients with colo-
rectal liver metastasis who undergo hepatectomy, those
with BRAF V600E-mutated cancer have a higher risk of
recurrence and death than those with BRAF WT cancer.85

Nonetheless, some patients with BRAF V600E mutations
may derive prolonged survival or cure from curative surgical
resection of metastases. Current guidelines do not call for
withholding interventions with curative intent for patients
with oligometastatic BRAF V600E-mutated disease.49
FUTURE PERSPECTIVES AND SUMMARY

The treatment of BRAF-mutated CRC has evolved rapidly
over the last several years. Combination strategies involving
MAPK pathway blockade have shown promising results for
the treatment of patients with BRAF V600E-mutated mCRC.
The BEACON CRC study represents the largest study in this
population to date and has given strong clinical evidence to
support BRAF and EGFR inhibition with the combination of
encorafenib plus cetuximab. The ANCHOR study will provide
insight into the activity of the combination of encorafenib,
binimetinib, and cetuximab in patients with previously un-
treated BRAF V600E-mutated mCRC. Based on the good
side-effect profile, additional research includes a first-line
evaluation of the BEACON CRC doublet (encorafenib/
964 https://doi.org/10.1016/j.annonc.2021.03.206
cetuximab) as purely biologic therapy and in combination
with chemotherapy [BRAF V600E-mutant colorectal cancer
study evaluating EncorAfenib taKen With cetuximAb plus or
minus chemoThERapy (BREAKWATER) (NCT04607421)], and
may include an evaluation of the BEACON doublet in the
adjuvant setting. In an effort to continue to improve out-
comes, other potential targets are being explored, taking
advantage of other unique molecular characteristics of
BRAF-mutated mCRC tumors. Given the enrichment of
BRAF V600E mutations within CMS subtype 1 CRCs, there is
significant interest in combining anti-programmed cell
death protein 1 (PD-1) treatments with BRAF/EGFR-
targeting therapies (e.g. NCT0404430). Additional in-
vestigations incorporate various combinations of BRAF,
MEK, ERK, CRAF, SHP2, and PD-1 inhibitors (e.g.
NCT04294160). Future research should also include a
continued focus on developing treatments that overcome
mechanisms of resistance. An enhanced understanding of
the role of the BRAF V600E mutation in the pathogenesis of
mCRC will extend the recent treatment advances and
further improve outcomes for patients.
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