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Colon cancer is one of the most frequently diagnosed malignancies in adults, considering both its incidence and
prevalence. Anatomically, the right colon is considered as being from the cecum to the splenic flexure, and the left colon is
from the splenic flexure to the rectum. Sidedness is a surrogate of a wide spectrum of colorectal cancer (CRC) biology
features (embryology, microbiome, methylation, microsatellite instability (MSI), BRAF, aging, KRAS, consensus molecular
subtypes (CMS), etc.), which result in prognostic factors. Different molecular subtypes have been identified, according to
genomic and transcriptomic criteria. A subgroup harboring a BRAF mutation has been described, and represents
approximately 10% of the patients diagnosed with colon cancer. This subgroup has morphological, clinical, and
therapeutic characteristics that differ substantially from patients who do not carry this genetic alteration. Unfortunately,
there is no established standard of care for this particular cohort of patients.
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| 1. Introduction

Colorectal cancer (CRC) incidence and mortality rates vary noticeably around the world. Overall, it is the third largest
cause of cancer death, and the third most frequently diagnosed tumor, involving 11% of all new cases of cancer worldwide
[, Although global mortality is decreasing, the subgroup of younger patients (< 50 years old) has experienced a growing
incidence and mortality rate. Up to one quarter of patients have metastatic colorectal cancer (mMCRC) disease at initial
diagnosis, and nearly half of those who are candidates for primary tumor surgery will eventually develop metastasis,
resulting in a 5-year survival rate of 14% (2,

Rates of CRC are substantially higher among males in comparison with females. In men, it entails the third most common
type of cancer diagnosed, and the fourth most common cause of cancer death. Among females, it is the second most
commonly diagnosed malignancy, and the third most common cause of cancer death 1,

The highest incidence rates are found in Australia, New Zealand, Europe, and North America, whereas South-Central Asia
and Africa report a much lower incidence. In most Western countries, CRC incidence has been stable, or has experienced
a slight increase within the last few years. In contrast, areas with a historical low incidence rate of CRC (Spain, Eastern
Europe, or Eastern Asia) have experienced a rapid increase over the past few decades !,

Up to 70% of CRC are sporadic and mainly associated with environmental and dietary factors. Less than 10% of patients
with CRC have an inherited predisposition due to several genetic alterations, some of which can be already identified by
specific tests. This category is subdivided into polyposis diseases (MUTYH-associated polyposis, familiar adenomatous
polyposis, Cowden syndrome, and Peutz-Jeghers syndrome) and non-polyposis diseases, such as Lynch syndrome.
Another pattern of presentation is the familial CRC that accounts for up to 25% of all CRC. This subset of patients has an
increased risk of developing CRC, without fulfilling the criteria of the above-mentioned syndromes.

| 2. New Strategies
2.1. Tyrosine Kinase Inhibitors

When first line treatment fails in these patients, diverse strategies have been developed. Even though not many BRAF-
mutant patients are fit to receive further treatment, this mutation is not associated with inferior outcomes after first line
therapy. The use of second generation BRAF inhibitors in combination regimens are likely to work better than
monotherapy.

Since BRAF-mutant cancer cells are highly dependent on MEK/ERK signaling, the combination of a BRAF inhibitor and a
MEK inhibitor (double therapy) has shown a slight increased activity in comparison with either agent alone. Corcoran et al.
demonstrated a reduced level of phosphorylated ERK in biopsies performed during a study of BRAFV600E-mutant mCRC



treated with dabrafenib (a BRAF inhibitor) plus trametinib (a MEK inhibitor); 43 patients were enrolled with a 56% rate of
stable disease, 12% partial response, and 2% complete response for more than 3 years 4. BRAF inhibition
downregulates the negative feedback signals from ERK, resulting in the activation of the EGFR pathway. This may explain
the limited action of BRAF inhibitor in monotherapy in BRAF-mutant tumors, and would suggest that concomitant EGFR
inhibition may overcome this resistance . However, in the VE-BASKET study, the combination of vemurafenib (BRAF
inhibitor) and cetuximab showed an ORR of 15% in 26 patients [, Other combinations under research have also
demonstrated limited activity, suggesting that BRAFV600E inhibitors reactivate the EGFR signaling pathway . A
mechanism of resistance that is currently being evaluated converge on the formation of RAF dimers. Current RAF
inhibitors block RAF monomers but not dimers. It is expected that third generation RAF inhibitors, which do inhibit RAF
dimers, may shed light to the BRAF mutated mCRC management(8l.

The combination of targeted therapies against EGFR and BRAF has reported, in a phase | trial, a partial response in 19 of
91 patients included (21%) and stable disease in 59 of 91 patients (65%), with an overall tumor growth control of 86%.
The BEACON trial with 665 BRAF V600E mutated mCRC patients randomized in a 3-arm phase Il trial to triplet therapy
with encorafenib (BRAF inhibitor) plus binimetinib (MEK inhibitor) and cetuximab vs. encorafenib, plus cetuximab vs. a
control arm (irinotecan/FOLFIRI + cetuximab) in patients RAS wt in a second or third line setting. The final results in the
triplet combination confirmed ORR and median OS of 26% and 9.0 months, respectively, and 2% and 5.4 months,
respectively, in the control arm. The doublet therapy showed a median OS of 8.4. adverse events at G3 or higher were
58%, 50%, and 61% in the triplet-, doublet- and control-arm group, respectively [0,

The knowledge about acquired mechanisms of resistance is not completely understood, and some possible explanations
have been suggested. For example, activations of the PI3K/AKT pathway have been described in patients receiving
BRAF inhibitors, in order to keep intracellular signaling via ERK . Furthermore, overexpression of the hepatocyte
growth factor (HGF), or its receptor c-MET, may lead resistance to BRAF inhibitors through the PI3K/AKT pathway 121,
However, this is not the only crosstalk pathway. From in vitro models, it has been described that BRAF inhibitors resulted
in a feedback activation of EGFR signaling, in order to maintain ERK phosphorylation, suggesting it may be a new
possible resistance pathway 12!, Additionally, the expression of aberrant spliced forms of BRAF V600E, such as BRAF
V600E AEx, which are not sensitive to BRAF inhibitors, or truncated isoforms that continuously activate MEK/ERK
signaling through dimerization, may also be involved in the resistance to BRAF inhibitors 141151,

Moreover, resistance mechanisms due to complex genomic alterations have been described. BRAF amplifications are
related to acquired resistance to BRAF and MEK inhibitors. It also seems that high BRAF mutant allele frequency may be
related with high risk of primary disease refractoriness. 18l KRAS G13D amplifications have been also described in in vitro
models of melanoma cells treated with MEK inhibitors (12,

The loss of Neurofibromin 1 (NF1), as a tumor suppressor that inhibits RAS, or the amplification of
Cyclin D1, as a key factor in cell cycle regulation, were described in in vitro models as resistance
pathways to BRAF inhibition .

2.2. Immunotherapy

BRAF mutations do not modify the response of MSI patients to immunotherapy. In general, 3—6% of stage IV CRC have a
deficiency in DNA mismatch repair enzymes. Since pembrolizumab and nivolumab have shown activity against MSI
MCRC, this may be a potential therapeutic option . A study evaluating the role of nivolumab in monotherapy in 74 MSI
patients showed an ORR of 25% in BRAF-mutant tumors, 27% in KRAS mutated, and 41% if both were wild type . A
combination of nivolumab with ipilimumab obtained similar results 8. No randomized trials have been performed to
compare dual checkpoint inhibitor therapy with monotherapy. However, indirect comparisons from the CheckMate 142 trial
suggest that the combination may be superior. Nivolumab, pembrolizumab, and the combination of nivolumab-ipilimumab
are approved by the FDA for patients with MSI or dMMR mCRC, which have progressed to other treatments 18],

| 3. Future Promising Strategies: Chemokine Receptors

Therapeutic research in the field of BRAF-mutant CRC is currently focused on new potential targets and combinations of
known targeted therapies, with the aim of overcoming MAPK pathway resistance.

BRAF-mutant MSI CRC is related to the overexpression of stromal cell-derived factor-1 (SDF-1, also called CXCL12) and
chemokine (C-X-C motif) receptor 4 (CXCR4), also known as fusin or CD184. CXCR4 is expressed in several cells from
different organs, including colon, lung, liver, brain, and hematopoietic and progenitor cells, among others. CXCR4 belongs
to a superfamily of G protein-couple receptors, and is functionally expressed in different types of cancer cells, including



colorectal cancer cells. After its activation, it dissociates in two subunits: Ga, involved in regulating RAS/RAF and Gy,
which activates PI3K/Akt/mTOR. There is a crosstalk between the EGFR and CXCL12/CXCR4 signaling pathways.
CXCRA4 is able to directly upregulate EGFR phosphorylation after its activation, but also indirectly, by increasing ERK
phosphorylation B2021122] (Figyre 1).
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Figure 1. Chemokine (C-X-C motif) receptor 4 (CXCR4)/EGFR pathways crosstalk. CXCR4 is able to upregulate EGFR
activation and finally ERK phosphorylation.

The CXCL12-CXCR4 axis regulates, among others, the migration and homing of lymphocytes to secondary lymphoid
tissue and, also, for hematopoietic stem cells to the bone marrow. In CRC, this axis has demonstrated its role in

promoting the migration, invasion (through angiogenesis), and transition of epithelial-mesenchymal tissue into neoplastic
cells (12029,

In a recent study of 78 primary CRC, CXCR4 expression was correlated with grading and response to first line
chemotherapy, representing a strong and independent prognostic factor, since its high expression was correlated with a
poor response in first line treatment, especially if anti-EGFR therapy was administered. A crosstalk between CXCR4 and
VEGFR has been postulated by a synergistic activity from both ligands (CXCL12 and VEGF), which copes with the action
of bevacizumab by restoring the angiogenesis. In fact, the high expression of CXCR4 and poor response to anti-EGFR
was proven. Hence, inhibiting this axis may be a powerful strategy to deal with this resistancel22,

High CXCR4 expression is correlated with a poor histological differentiation, also being related to an increased risk of
local recurrence and/or lymph node and distant metastasis in earlier stages, as well as worse OS (23 months vs. 9
months in tumors with low CXCR4 expression) 23],
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