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Abstract 

Background:  Patients with BRAF V600E mutated metastatic colorectal cancer (mCRC) have a poor prognosis. The 
introduction of BRAF targeted therapy with encorafenib and weekly administered cetuximab have shown improved 
survival with a median progression free survival (PFS) of 4.3 months. However, a regimen with cetuximab given every 
second week may have comparable efficacy and is more convenient for patients. While BRAF targeted therapy is a 
new standard therapy in pre-treated patients with BRAF V600E mutated mCRC, resistance invariably occurs and is 
an emerging challenge. The aim of this study is to investigate the efficacy and tolerability of cetuximab given every 
second week in combination with daily encorafenib and to explore the correlation between markers of resistance and 
outcome.

Methods:  The study is an open label, single arm, phase II study, investigating the efficacy and tolerability of cetuxi-
mab given every second week in combination with encorafenib in patients with BRAF V600E mutated mCRC. Fur-
thermore, we will be investigating mechanisms of response and resistance against BRAF targeted therapy though 
comprehensive genomic profiling on tumor tissue and blood for circulating tumor DNA analysis. A total of 53 patients 
(19 + 34 in two steps) will be included according to Simon’s optimal two stage design. The primary end point of the 
study is 2 months PFS rate.

Discussion:  By combining BRAF inhibitor with cetuximab given every second week we can halve the number of 
visits in the hospital compared to the currently approved regimen with weekly cetuximab. This seems particularly rel-
evant in a group of patients with a median overall survival of 9.3 months. Resistance after initial response to targeted 
therapy can be either adaptive (e.g., epigenetic, or transcriptomic alterations) or acquired (selective genetic alterations 
- e.g., activating de novo mutations) resistance. It is of great importance to untangle these complex mechanisms of 
resistance in patients with BRAF V600E mutated mCRC to improve treatment strategies in the future potentially even 
further.
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Trial registration:  EU Clinical Trial Register, Eudract no. 2020-​003283-​10. Registered on 11 November 2020.
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Background
Colorectal cancer (CRC) is among the most prevalent 
cancer diseases worldwide accounting annually for more 
than 1.900.000 new cases, and around 940.000 deaths 
[1]. Despite optimized surgical procedures and adjuvant 
combination chemotherapy, many patients still experi-
ence disease recurrence, most often with a fatal course. 
CRC is a heterogeneous disease based on its genetics, but 
for many years treatment of metastatic CRC (mCRC) has 
been limited to chemotherapy alone. However, in recent 
decades the treatment strategies have evolved because 
of the progress in our understanding of cancer as a dis-
ease of the genome and advances in molecular diagnos-
tics. In mCRC, the significance of being able to detect 
RAS mutational status is one example that have led to 
improved results with the introduction of monoclonal 
antibodies (such as cetuximab and panitumumab) [2–4] 
– in 2013 the therapeutic indication was restricted by 
the European Medicines Agency (EMA) to patients with 
RAS wild-type mCRC tumors only [5]. Later it became 
possible to target tumors with deficient mismatch repair 
(dMMR) which often (in sporadic CRC cases) is caused 
by methylation of the MLH1 gene promotor [6–8]. Based 
on the KEYNOTE-177 trial [9] programmed death 1 
(PD-1) blockade with pembrolizumab is now standard of 
care to patients with dMMR mCRC.

Targeting BRAF in CRC has been under investiga-
tion [10–12] and this is highly clinically relevant since 
patients with mutated BRAF V600E mCRC have a very 
poor prognosis [13].
BRAF encodes the BRAF protein and a missense 

mutation of the gene – the single nucleotide substitu-
tion (T > A at codon 1799), resulting in the protein vari-
ant V600E – accounts for the vast majority of the BRAF 
mutations. The BRAF V600E mutation results in a con-
stitutively activation of the mitogen-activated protein 
kinase (MAPK) pathway, which drives cellular prolif-
eration and survival [14]. The incidence of BRAF V600E 
mutation in CRC is described to be around 10% in 
patients in clinical trials [15], but as high as 20% in unse-
lected Nordic populations [16, 17].

Response to treatment with BRAF inhibitors (BRAFi) is 
extremely dependent on the origin of the BRAF mutated 
tumor. BRAF V600E mutated melanoma respond to 
BRAFi monotherapy with response rates (RR) of more 
than 50% [18] and in combination with MEK inhibitor 
(MEKi) survival is further prolonged [19–21]. In mCRC, 

BRAFi has very limited efficacy as monotherapy (RR 
around 5% [22]) and in combination with MEKi, whereas, 
targeting BRAF in combination with epidermal growth 
factor receptor (EGFR) has shown promising antitumor 
activity and survival benefits in the BEACON trial [12], 
where pre-treated patients with BRAF V600E mutated 
mCRC were randomized to receive treatment with either 
encorafenib with weekly cetuximab (doublet BRAF tar-
geted therapy) or encorafenib with weekly cetuximab and 
binimetinib (triplet BRAF targeted therapy) or investiga-
tor’s choice of chemotherapy-based treatment.

Triplet therapy increased RR to approximately 26% and 
median progression free survival (PFS) to 4.3 months 
– and updated analysis found that doublet and triplet 
therapy resulted in similar overall efficacy across end-
points including PFS and overall survival (OS) [23]. These 
results led the United States Food and Drug Administra-
tion (FDA) to approve the doublet regimen: Cetuximab 
administered weekly in combination with encorafenib, 
on April 8th, 2020, to pre-treated patients with BRAF 
V600E mutated mCRC. The regimen with weekly cetuxi-
mab was approved by EMA in June 2020 and is consid-
ered a new standard therapy to patients with pre-treated 
BRAF V600E mutated mCRC.

A regimen with weekly intravenous therapy entails 
many visits in the hospital, however a regimen where 
cetuximab is given once every second week at a double 
dose, seems to have efficacy and tolerability compara-
ble to weekly therapy, and is much more convenient for 
patients [24–31].

While BRAF targeted therapy in mCRC is a new stand-
ard of care, with a significant antitumor activity, rapid 
resistance against the therapy is an emerging challenge. 
It is of great importance to understand these mecha-
nisms of resistance to ensure further development within 
the field of personalized therapy for patients with BRAF 
mutated CRC.

Rationale of the study
The purpose of this study is to evaluate the efficacy and 
tolerability of biweekly cetuximab combined with stand-
ard dose encorafenib in patients with pre-treated BRAF 
V600E mutated mCRC. Furthermore, we wish to obtain 
a better understanding of mechanisms of response and 
resistance to BRAF targeted therapy in patients with 
mCRC.

https://www.clinicaltrialsregister.eu/ctr-search/search?query=2020-003283-10
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Design and methods
Study design
The study is an open label, single arm, multicenter, phase 
II study.

Eligible criterias
All patients must provide written informed content 
before inclusion in the study.

Eligible patients must be above the age of 18 years, 
WHO performance status of 0-1, and have histologically 
verified BRAF V600E mutated CRC, adenocarcinoma, 
proficient mismatch repair (pMMR), non-resectable and/
or metastatic disease, and they must have received prior 
systemic treatment for CRC.

Measurable and/or evaluable non-measurable disease, 
and tumor lesion accessible for biopsy, is mandatory. 
Furthermore, included patients must have adequate hae-
matological, cardiac and organ function. Finally, prior 
treatment with any EGFR-, RAF- or MEK-inhibitor is 
prohibited, and the patient is not allowed to have any 
known activating RAS mutation present at baseline.

Treatment
The patients will be treated in cycles of 28 days.

Encorafenib will be administered once daily, orally, as a 
fixed dose, 300 mg once daily day 1-28.

Cetuximab will be administered as intravenous infu-
sion on study site according to institutional standards 
(which includes premedication prior to each infusion), in 
dosage 500 mg/m2 every second week on day 1 and day 
15 of each cycle.

Treatment will continue until progressive disease (PD), 
unacceptable adverse effects or patients wish of ending 
treatment.

Before starting study treatment, a baseline computed 
tomography (CT) scan will be performed, and new CT 
scans will be performed after every second cycle to eval-
uate response to treatment.

Response to treatment will be evaluated – when pos-
sible – according to the Response Evaluation Criteria in 
Solid Tumors (RECIST) version 1.1.

End points
The primary endpoint of the study is 2 months PFS rate. 
Secondary endpoints include OS, PFS, RR according to 
RECIST version 1.1 – in patients with measurable disease 
– and toxicity.

Exploratory endpoints are correlation between tumor 
markers, markers of resistance and markers of tumor 
evolution and outcome.

Statistics
The sample size is based on Simon’s optimal two stages 
design [32]. This design ensures early study termination if 
there is insufficient effect.

Patients with BRAF V600E mutated mCRC are at high 
risk of immediate progression with standard chemother-
apy. In the BEACON study, the 2 months PFS rate was 
around 84%. A 2 months PFS rate less than 60% is not 
considered clinically acceptable. Assuming a significance 
level at 0.05 (α = 0.05) and a power at 90% (β = 0.10) it 
can be calculated that 19 patients should be included in 
the first part of the study. The enrollment will continue 
until 19 patients have received 2 months of therapy. If 
12 or less out of the first 19 patients continue therapy 
beyond 2 months without PD, we will reject our hypoth-
esis and close the study after the first stage of accrual.

If 13 or more patients continue therapy for at least 
2 months without PD, an additional 34 patients will 
be accrued in the second stage. If at least 38 out of 53 
patients continue therapy beyond 2 months without PD 
we will conclude that the treatment is effective enough to 
continue with future studies.

PFS and OS will be estimated using the Kaplan-Meier 
method. PFS will be calculated from time of trial inclu-
sion till progression either by RECIST, clinically or death. 
OS will be calculated from time of trial inclusion to 
death.

Biopsies and circulating tumor DNA (ctDNA) analysis
Fresh tumor biopsies, primarily from metastatic lesions, 
are obtained from patients at baseline, after two cycles of 
treatment (on-treatment), and upon progression of dis-
ease. Biopsies are either core needle biopsies (18-gauge 
needle) or surgical resections samples. Three samples 
are taken from the same lesion each time – one sample 
is formalin-fixed and paraffin-embedded (FFPE) for his-
topathological verification of the tissue and two samples, 
stored in RNAlater, are for comprehensive genomic anal-
yses. A blood sample is collected at baseline and used for 
subtraction of germline variants to identify tumor spe-
cific mutations only.

Blood samples (collected in STRECK-tubes) for analy-
sis of ctDNA are taken prior to each treatment cycle.

Genomic profiling
DNA and RNA from each biopsy is extracted and puri-
fied to perform whole genome sequencing (WGS), RNA 
sequencing (RNAseq), and single nucleotide polymor-
phism (SNP) arrays. WGS is performed from tumor and 
germline DNA using Illumina polymerase chain reac-
tion (PCR) free DNA prep, and RNAseq is performed 
from tumor RNA using Illumina Stranded Total RNA 
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Prep. SNP array is performed with CytoScan HD/OncoS-
can array. The DNA and RNA libraries are sequenced 
on NovaSeq6000 (Illumina) as 2 × 150 bp paired-end 
sequencing. The raw data is mapped to the hg38/GRCh38 
human reference genome using BWA-MEM v0.7.12 soft-
ware and bioinformatics is done following Genome Anal-
ysis Toolkit (GATK) best practice.

Somatic mutations are identified by subtracting the 
germline variants from the tumor variants. RNAseq 
is performed to identify gene fusions and to evaluate 
expression levels of selected, predefined targets. SNP 
array analysis is performed to identify copy number 
alterations.

Ethics
The study is being conducted in accordance with the pro-
tocol, the ethical principles of the Helsinki Declaration 
and in accordance with good clinical practice (GCP) and 
regulations of Research Ethics Committee.

This study was approved by the Ethics Committee 
(1-10-72-239-20) and by the Danish Medicines Agency 
(Eudract 2020-003283-10).

Genomic research
Prior to enrolment into the study, the patient will receive 
oral and written information regarding genomic profiling 
and the risk of incidental findings.

The patient will have the right not to know of incidental 
findings if preferred.

All genomic reports will be discussed on the National 
Molecular Tumor Board with participation of clinical 
oncologists, clinical geneticists, pathologists, and molec-
ular biologists. Any incidental findings will be handled 
based on recommendations made by the National Molec-
ular Tumor Board.

Discussion
Patients with BRAF V600E mCRC treated with BRAF 
targeted therapy have a median OS of around 9 months 
[12]. With limited lifetime expectancy it seems very 
important to try to minimize time spend in the hospital 
for these patients. With a BRAF targeted regimen with 
cetuximab given every second week we can halve the 
number of visits to the hospital compared to the cur-
rently approved regimen with weekly cetuximab. We 
therefore find it highly relevant to investigate the efficacy 
and tolerability of cetuximab given every second week, 
together with encorafenib, in the current study.

Resistance against BRAF targeted therapy is a clinically 
significant challenge. Despite initial response to BRAFi 
resistance invariably occurs. Mechanisms of resistance 
has been untangled to some degree in melanoma [33, 
34]. The reason why some primary tumors are widely 

unresponsive to BRAFi monotherapy, even though BRAF 
V600E mutation is present, is largely unknown [35].

In BRAF V600E mutated mCRC some of the resist-
ance to BRAFi monotherapy may be explained by EGFR-
mediated reactivation of MAPK pathway [10, 36] which 
is managed by combining BRAFi with an anti-EGFR anti-
body (e.g. cetuximab). However, resistance against BRAF 
targeted therapy in patients with BRAF V600E mutated 
mCRC remains a serious problem, as the PFS is just 
around 4 months [12].

Resistance to BRAF targeted therapy – after initial 
response – can be either due to adaptive resistance or 
acquired resistance [37]. Adaptive resistance can be de 
novo adaption of cellular epigenetic and transcriptomic 
changes and has a rapid time frame, where acquired 
resistance arises due to selective genetic alterations com-
ing from the therapy and/or the acquisition of therapy-
induced de novo alterations [38]. In most situations 
the resistance against BRAF targeted therapy happens 
through reactivation of the MAPK pathway: examples are 
activating mutations (e.g., in NRAS), BRAF amplifications 
or CRAF overexpression [38]. Mechanisms of acquired 
resistance can also be found outside the MAPK pathway 
– one example is signaling through the PI3K-AKT path-
way [39].

The incomplete and transient nature of response to tar-
geted therapy is described to be due to the residual state 
of disease in tumors that are not eliminated by therapy 
[40]. From the residual disease subsequent tumor pro-
gression and tumor evolution can occur and resistance 
may arise.

The understanding of resistance against BRAF targeted 
therapy is complex and further research is warranted. The 
comprehensive genomic profiling performed throughout 
the treatment in our study, including the ctDNA analy-
ses, has the potential to gain valuable insights regarding 
tumor evolution and mechanisms of resistance to BRAF 
targeted therapy in BRAF V600E mutated mCRC.

Status of the study
The study was initiated at Rigshospitalet, Copenhagen, 
Denmark in February 2021. Other currently active sites 
are Odense University Hospital, Denmark and Aalborg 
University Hospital, Denmark.

To date 13 patients have been included in the study.
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