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ARTICLE INFO ABSTRACT
Keywords: BRAF p.V600E exon 15 hotspot mutation can identify a molecular subgroup of metastatic colorectal cancer
BRAF (mCRC) patients exhibiting poor prognosis under the conventional chemotherapy regimen. Recently, the
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Targeted therapy
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chemotherapy-free combination of encorafenib and cetuximab has been approved as the standard of care for
previously treated BRAF p.V600E mCRC patients, and genomic testing for BRAF mutations at the time of mCRC
diagnosis is currently recommended. In clinical practice, BRAF mutation testing strategies are dramatically
impacted by a lack of harmonization and standardization, both in the pre-analytical and analytical phases, which
can result in BRAF-mutated patients not receiving the most appropriate therapy at recurrence. This paper pro-
poses nine statements providing practical and concise advice on BRAF mutation testing in CRC, derived from
collegial discussion and analysis of a multidisciplinary team of experts, including referral Italian oncologists and
pathologists. The statements overview pivotal aspects implied in the detection, treatment and management of
BRAF-mutated patients and have been drafted to represent a valuable tool for healthcare professionals committed
to mCRC patient management. In addition, they represent a platform for implementing diagnostic-therapeutic
workflows that can adapt to the variability of local resources while respecting the high-quality standards
required by modern precision oncology.
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1. Introduction

Colorectal cancer (CRC) ranks as the third most prevalent cancer
globally, with 1.1 million new cases reported annually, and stands as the
second leading cause of cancer-related mortality (Cervantes et al.,
2023). With over 50.000 new diagnoses and more than 24.000 deaths
every year, CRC is the second most commonly diagnosed and deadliest
cancer in Italy (I numeri del cancro, 2023).

Approximately 20% of patients with CRC have advanced disease at
diagnosis, while approximately 35 % of those with resectable disease at
diagnosis will develop advanced disease, mostly within 3 years from
surgery (Associazione Italiana Oncologia Medica 2021). The estimated
5-year survival rate in CRC patients with metastatic disease is about 14%
(Shin et al., 2023). The molecular profiling of metastatic CRC (mCRC) is
fundamental for the use of treatments directly targeting the biological
features of the tumour for specific patient subsets, significantly
improving survival outcomes (Leowattana et al., 2023). In the past
decade, the advent of precision medicine has revolutionized the clinical
management of CRC patients. Particularly, K/N RAS exon 2-3-4 hotspot
mutations clinically stratified CRC patients, electing wild type cases to
target therapy based on the use of monoclonal antibodies against the
EGFR extracellular domain (Giusti et al., 2007; Cohen et al. 2013).

Emerging evidence suggests that v-Raf murine sarcoma viral onco-
gene homolog B (BRAF) mutations, particularly BRAF p.V600E exon 15
hotspot mutation, can identify a novel molecular mCRC subgroup
exhibiting poor prognosis under the conventional chemotherapy
regimen (Shin et al., 2023).

BRAF encodes a protein that plays a pivotal role in the regulation of
the Mitogen-Activated Protein (MAP) kinase/Extracellular signal-
Regulated Kinases (ERK) signalling pathway, which affects cell
growth, differentiation, and proliferation (Shin et al., 2023). Previous
studies demonstrated that BRAF p.V600E mutations are some of the
most common cancer-causing mutations in melanoma and other cancer
types, including CRC (Shimada et al., 2018), and indeed, BRAF missense
mutations may occur in up to 10% of CRC patients (Associazione Italiana
Oncologia Medica, 2021; Clarke and Kopetz, 2015; Morkel et al., 2015).
The most frequent BRAF mutations in CRC are detectable in codon 600,
showing the highest prevalence rate for p.V60OE hotspot mutation
(Angerilli et al. 2022; Fanelli et al. 2020). Interestingly, BRAF clinically
impacting mutations are mutually exclusive with RAS mutations
(Morkel et al., 2015).

In 2020 the chemotherapy-free combination of the BRAF inhibitor
encorafenib and the Epidermal Growth Factor Receptor (EGFR)-inhibi-
tor cetuximab has been approved by European Medicines Agency for
previously treated BRAF V600E mutated mCRC patients and then
recognized as standard of care in this setting (Trullas et al., 2021; Tab-
ernero et al., 2021; Cervantes et al., 2023; Morris et al., 2023; Asso-
ciazione Italiana di Oncologia Medica, 2021). The key role of genomic
testing for BRAF mutations at the time of mCRC diagnosis has been
underlined in both national and international guidelines (Cervantes
et al., 2023; Morris et al., 2023; Associazione Italiana di Oncologia
Medica, 2021).

In this scenario, the lack of harmonized and standardized pre-
analytical and analytical procedures when assessing BRAF mutation
status in mCRC patients dramatically impacts molecular testing strate-
gies in clinical practice. Consequently, BRAF p.V600E-mutated mCRC
patients may not benefit from the most appropriate therapy as their
molecular hallmark is not identified adequately or in a timely fashion.

To fill this gap, an Italian multidisciplinary expert panel on molec-
ular testing and clinical management of CRC patients developed a set of
expert recommendations. These guidelines aim at optimizing decision-
making strategies for BRAF p.V600E mutated mCRC patients with the
goal of improving the clinical outcome thorugh appropriate treatment
selection. Upon reviewing the literature, the panel used a modified mini-
Delphi algorithm (mm-Delphi) to score key points that arose from their
collective discussions. The goal was to define statements that garnered
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the highest level of agreement among the experts.

This initiative aimed to reach an evidence- and experience-based
consensus on the clinical and technical pitfalls for the clinical identifi-
cation of BRAF mutated mCRC patients in diagnostic routine practice,
The objectives were to:

o Raise awareness of the crucial role of BRAF molecular testing;

e Implement early testing strategies in the diagnostic series of CRC
patients;

e Optimize molecular testing procedures (from the pre-analytical
phase to the molecular reporting of clinically impacting variants);

e Sustain the integration of expertise supporting the identification of a
multidisciplinary team for the clinical management of CRC patients.

2. Methods

A multidisciplinary panel of experts demonstrating proven expertise
in clinical management and molecular profiling of CRC patients was
grouped (Supplementary Figure 1).

During a first meeting (November 2023), an initial panel composed
of 3 oncologists and 2 pathologists discussing clinical and molecular
pitfalls related to BRAF testing in Italy, established 9 major discussion
topics.

Subsequently, 3 of the experts reviewed all the available literature
regarding each discussion topic and proposed a draft of 9 preliminary
statements.

Each statement was then reviewed by the complete panel to reach an
agreement using the mm-Delphi approach. This technique has been
previously described (Gustafson et al., 1973; Gallego and Bueno, 2014);
notably, in this project, the mm-Delphi method has been modified
comparing the experimental model with the traditional method,
allowing the initial collective drafting of the statements. Agreement on
each statement was reached when >80 % of participants did not require
further amendments.

Then, the panel selected 12 more experts (6 oncologists and 6 pa-
thologists) and enrolled them in the project. Between December 2023
and January 2024, in the second round of the mm-Delphi process, the 9
previously selected experts’ opinion statements circulated among the
members of this extended panel. They independently reviewed all the
statements and made further amendments, and rephrasing where
needed (notably, only statements 4 and 5 required to be amended and
revoted). Finally, all the statements reached an agreement. Details of
this process are reported in Appendix 1. All the experts involved in the
project contributed to the manuscript and are listed as authors.

3. Results

Table 1 shows the nine topics selected during the first mm-Delphi
round and the final experts’ opinion statements resulting from their
discussion in the agreement process.

We present hereafter a summary of the evidence and of the experts’
opinions that led to statements drafting and refinement in this project.

3.1. Clinico-pathological characteristics and molecular alterations

Overall, BRAF p.V600E mutations account for about 90 % of all BRAF
mutations (Angerilli et al., 2022). Interestingly, a meta-analysis of 25
studies with a total of 11,955 CRC patients showed that these mutations
were detected at diagnosis in 8.0 % and 11.6 % of stage I/II cases and
stage III/IV, respectively, supporting a statistically significant associa-
tion between BRAF p.V600E hotspot mutation and advanced TNM stage
at diagnosis (Odd Ratio, OR, 1.59; 95 % IC 1.16-2.17) (Chen et al.,
2014).

Moreover, the clinical impact of detecting BRAF p.V600E mutation
was also demonstrated. Several studies highlighted a statistically sig-
nificant association between BRAF p.V600E mutation and CRC patient/
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Table 1
Discussion topics and expert opinion statements.

Discussion topic Expert opinion statement

1. Clinico-pathological
characteristics and molecular
alterations.

BRAF-mutated CRCs are characterized by
distinct clinico-pathological characteristics
and specific molecular alterations defining
distinct subgroups.

The BRAF p.V600E mutation is associated
with poor prognosis, impacting not only
recurrence rates but also the timing of
recurrence.

The availability of molecular testing for BRAF
P.V600E mutation is mandatory for the
clinical management of patients with
metastatic CRC at diagnosis.

Immediate testing for BRAF mutational status
is mandatory for all patients with early CRC
with loss of MLH1 as part of the Lynch
syndrome diagnostic algorithm and should be
considered in routine practice for patients
with high-risk resected stage III CRC to add
prognostic information and quickly inform
for an appropriate treatment in case of
disease recurrence.

In MSS BRAF p.V600E-mutated patients
progressing during adjuvant or first-line
chemotherapy-based regimens and MSI-H
mCRC patients with BRAF p.V600E mutation
progressing on immunotherapy, the
combination of encorafenib-cetuximab
should be considered as the first and
preferred option.

The performance of molecular testing relies
not only on the quality of the method itself,
but also on the quality of the analysed
biospecimen.

Testing for the BRAF mutation should be
carried out on FFPE tissues with quantitative
real-time PCR or next-generation sequencing.
Liquid biopsy could represent an alternative
if no tissue is available.

Molecular pathology reports should present
results in a clear and concise manner to guide
clinicians in the selection of the best
treatment options.

A standardized, site-level specific,
multidisciplinary clinical pathway and
process is needed to allow for a timely and
accurate diagnosis and adequate treatment.

2. Prognostic impact.

3. Test availability in clinical

practice.

4. Eligible patients.

5. Clinical evidence on targeted
therapy.

6. Pre-analytical phase.

7. Analytical phase.

8. Reporting of results.

9. Multidisciplinary team.

BRAF: v-Raf murine sarcoma viral oncogene homolog B. CRC: colorectal cancer.
mCRC: metastatic colorectal cancer. FFPE: formalin-fixed, paraffin-embedded.
MSS: microsatellite stability. MSI-H: microsatellite instability-high. PCR: poly-
merase chain reaction.

disease characteristics, namely older age (>60 years), female gender,
proximal tumour location, peritoneal seeding, higher rates of perito-
neal/lymph node metastases, and lower rates of lung metastases (Chen
et al., 2014; Jang et al., 2017; Tran et al., 2011).

Particularly, BRAF V600E mutations demonstrated a robust associ-
ation with specific CRC histopathological parameters, such as mucinous
histology, poor differentiation, signet ring cells, serrated morphology,
lymphovascular invasion, tumour budding, infiltrative tumour border
and marked peritumoral lymphoid reaction (Chen et al., 2014; Jang
et al., 2017).

The panel, however, underlined that the above-listed characteristics
should not be considered selection factors for identifying BRAF muta-
tions; they should not, therefore, be included among the criteria for
selecting patients to be tested. As clearly stated by major clinical
guidelines, all patients with mCRC should be tested for BRAF-activating
mutations, regardless of their demographic, histological and clinical
features (Cervantes et al., 2023; Morris et al., 2023; Associazione Ital-
iana di Oncologia Medica, 2021).

Notably, a meta-analysis of 78 studies, including results from 7,000

Critical Reviews in Oncology / Hematology 206 (2025) 104574

CRCs, showed that BRAF p.V600E mutations are strongly associated
with the “sporadic” somatic inactivation of the DNA Mismatch Repair
(MMR) system. Remarkably, somatic BRAF mutation testing also plays a
relevant role in Lynch Syndrome (LS) screening (Parsons et al., 2012;
Fassan et al., 2020). BRAF p.V600E mutations are detected in both mi-
crosatellite stable (MSS) and CRCs patients with microsatellite insta-
bility (MSI-H) demonstrating a clinically relevant prognostic implication
in this setting (Samowitz et al., 2005; Roth et al., 2010; Lochhead et al.,
2013; Barras et al., 2017).

Further demonstrating a high heterogeneity among BRAF p.V600E
mutated CRCs, a retrospective trial on BRAF p.V600E mutated CRC
patients (n=218) revealed two distinct molecular subtypes dis-
tinguishing between BM1 and BMZ2. Particularly, the BM1 group
included CRC patients with high KRAS/mTOR/AKT/4EBP1, EMT acti-
vation, and immune infiltration, whereas BM2 grouped patients are
affected by cell-cycle checkpoint dysregulation. Taking into account
clinical parameters, BM1 and BM2 subtypes showed a different clinical
benefit from BRAF and MEK inhibitors (Barras et al., 2017).

A retrospective series of 155 BRAF p.V600E mCRC patients from
eight Italian Oncology Units collected between January 2005 and
December 2016 demonstrated how the identification of different
promising biomarkers may optimize clinical management of real-world
CRC patients. Among them, CRC patients with low CDX2 expression
rate, high cytokeratin 7 (CK7) expression rate and low number of
tumour-infiltrating lymphocytes (TILs) performed significantly worse
under standard treatment regimen (Loupakis et al., 2019).

BRAF p.V600E mutations are heterogeneously distributed in the
Consensus Molecular Subtypes (CMS) of CRC (70 %, 7 %, and 17 %
found in CMS1, CMS2-3 and CMS4 subgroups respectively). For this
reason, the prognostic role of CMS in BRAF V600E p.mCRC patients has
been evaluated, showing that CMS1 cases had better clinical outcomes
in terms of OS compared with CMS2-3/CMS4 groups (Loupakis et al.,
2019).

Recent emerging data confirmed the role of synaptophysin expres-
sion in BRAF-mutated CRCs, as identified by immunohistochemistry. A
relatively recent study showed that out of 159 mCRC BRAF p.V600E
mutated patients (Fassan et al., 2021), synaptophysin expression iden-
tified 18 patients (11.3%) with drastically reduced PFS and OS.

Although BRAF p.V600E hotspot mutation represents the most
common BRAF clinically relevant alteration in mCRC patients, a not
negligible percentage of mutations are non-V600. Indeed, non-V600
BRAF mutations account for up to 22 % of all BRAF mutations tested
by NGS and globally occur in about 2 % of mCRC patients (Jones et al.,
2017). These mutations have been associated with a better prognosis:
the median OS of BRAF non-V600E mCRC patients resulted in a signif-
icantly longer OS than those harboring both BRAF V600E mutations and
wild-type BRAF (Jones et al., 2017).

However, since BRAF non-V600E mutations span over 19 different
codons, different biological effects may depend on specific BRAF mo-
lecular alterations (Van Cutsem and Dekervel, 2017). BRAF mutations
are grouped in three classes based on alteration type: Class 1, BRAF p.
V600E mutations; Class 2, BRAF non-V600E mutations, harbouring co-
dons 601 or 597 alterations; and Class 3, BRAF non-V600E mutations,
harbouring codons 594 or 596 alterations. In a recent Italian trial that
included 117 BRAF-mutated CRC patients, Class 2 patients presented
lower median OS and PFS, similar to those associated with BRAF p.
V600E mutations. Conversely, Class 3 patients showed median OS and
PFS longer than wild-type BRAF. Moreover, Class 2 patients appeared to
be not fully responsive to anti-EGRF therapies (Schirripa et al., 2019).

In conclusion, based on the evidence included in this section and on
the panel members’ opinion, the following statement reached the total
agreement in the mm-Delphi process.

3.2. Prognostic impact

BRAF acts as a key actor in the MAPK/ERK signalling pathway
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subgroups.

BRAF mutated CRCs are characterized by distinct clinico-pathological characteristics and specific molecular alterations defining distinct

because activating mutations in the kinase domain promote uncon-
trolled cell cycle proliferation, driving CRC pathogenesis. Hence, BRAF
p-V60OE mutations have significant prognostic implications, as shown
by several studies and meta-analyses.

Overall, BRAF p.V600E CRCs often show a worse clinical outcome in
comparison with BRAF wild-type CRC patients (Angerilli et al., 2022).

Moreover, BRAF p.V600E CRCs tend to have a lower response rate
(RR) and OS rate compared with standard therapeutic approaches,
regardless of stage at diagnosis (Fanelli et al., 2020). In addition, due to
their aggressiveness, only 50 % of patients could receive second-line
therapy in real-world clinical practice (Martinelli et al., 2022).

In a retrospective observational analysis of advanced CRC patients
collected at Cork University Hospital histopathology database, median
OS resulted significantly lower in the BRAF p.V600E group compared
with the BRAF wild-type patients (17.3 vs. not reached; p=0.001). In the
same study, the authors also demonstrated that BRAF p.V600E mutation
was an independent marker increasing mortality risk in CRC patients
(HR 12.76 (95 % CI 3.15-51.7; p<0.001)) (O’Riordan et al., 2022).

Remarkably, Passiglia et al., looking at a case series of 1,400 CRCs,
observed a worse clinical outcome in mCRC patients eligible for surgical
treatment for liver metastases when BRAF activating mutations are
present. Indeed, the OS was significantly reduced in the BRAF-mutated
group (HR 3.07 (95 % CIL: 1.67-5.66)) compared with the wild-type
group (Passiglia et al., 2016).

In a meta-analysis of seven randomized trials including more than
1,000 stage II/III CRC patients treated with curative surgical resection
followed by adjuvant chemotherapy, BRAF activating mutations were
significantly associated with shorter OS and disease-free survival (DFS)
compared with BRAF wild-type CRC patients (HR 1.42 (95 % CL:
1.25-1.60, P <0.00001) and HR 1.26 (95 % CI: 1.07-1.48, P = 0.006),
respectively) (Zhu et al., 2016).

Recently, a pooled analysis of two phase III studies enrolling more
than 4,500 stage III CRC patients treated with standard oxaliplatin-
based adjuvant chemotherapy showed shorter median time to retreat-
ment (mTTR) in BRAF p.V600E CRC patients compared with BRAF wild-
type CRC series (0.99 vs 1.54 years respectively; p < 0.0001). A low
survival rate was also observed due to the early recurrence disease in the
BRAF p.V600E CRC group (Rasola et al., 2023).

Several studies focused on the prognostic role of BRAF mutational
status in guiding clinical management of MSI-H CRC patients.

CRCs with microsatellite instability (10-15 % of all CRCs) harbour
defects in the highly preserved DNA mismatch repair (MMR) complex
(Chang et al., 2020). BRAF pathogenetic mutations are often concomi-
tant with MSI-H status as they derive from the high-level CpG island
methylator phenotype (CIMP) which also leads to MLH1 gene promoter
methylation and MMR deficiency (Chen et al., 2014; Lochhead et al.,
2013). A recent pooled analysis from the ACCENT/IDEA databases
covering seven clinical trials and more than 8,400 stage III CRC patients
after surgical resection showed that clinical parameters (older age, fe-
male sex, performance status > 0, N2 stage, poor differentiation, and
proximal location) were more common in MSS BRAF p.V600E-patients
compared with BRAF/KRAS exon 2 wild-type CRC patients. In this
study, BRAF p.V600E mutations were significantly associated with
shorter OS and survival after recurrence (SAR) compared with
BRAF/KRAS exon 2 wild-type CRC patients both in MSS and MSI-H
groups. However, BRAF p.V60OE mutations highlighted a statistically
significant lower time to recurrence only in the MSS group (HR=1.58,
P<0.0001) and not in the MSI-H group (HR=0.98, P=0.91) (Taieb et al.,
2023).

In conclusion, considering the evidence of this section, the expert
panel reached a full agreement on the following statement adopting the
mm-Delphi process.

3.3. Test availability in clinical practice

Given the clinical significance of BRAF activating mutations, inter-
national societies have established a set of decision-making guidelines
that address the challenges and pitfalls of BRAF molecular testing in
clinical practice.

According to the European Society of Medical Oncology (ESMO)
clinical practice guidelines for mCRC patients, the National Compre-
hensive Cancer Network (NCCN) guidelines, and the guidelines of the
Italian Association of Medical Oncology (AIOM), BRAF mutation testing
is recommended in all mCRC patients at the time of diagnosis. Moreover,
international societies consensually recommend testing BRAF p.V600E
hotspot mutation as part of the LS diagnostic algorithm when IHC-based
MMR protein analysis reveals absence of nuclear expression of MLH1
(Cervantes et al., 2023; Associazione Italiana di Oncologia Medica,
2021; National Comprehensive Cancer Network, 2024).

According to the panel of experts, it would be desirable for the
oncologist to have information on the mutational status of BRAF
routinely, without needing to request it, at the time of diagnosis of
mCRC (reflex testing). Such information is crucial in directing first-line
and subsequent-line therapeutic strategies and in the surgical evaluation
of the patient.

On the other hand, the panel considered the role of reflex testing for
BRAF mutations to be a controversial topic. Although BRAF molecular
data are considered a clinically relevant tool for the management of CRC
patients, supporting reflex BRAF testing at diagnosis, the economic and
clinical benefits of this strategy still need to be thoroughly evaluated.
The only published experience on this topic was presented during the
2023 ASCO Meeting. Here, reflex testing for RAS/BRAF clinically rele-
vant mutations for mCRC patients was implemented starting from
October 2019 (Cvetkovic et al., 2023). Results confirmed how this
diagnostic testing algorithm drastically reduced turnaround time (TAT)
of molecular profiling (Cvetkovic et al., 2023).

However, the panel of experts also discussed the low saving costs and
logistically unfavorable nature of reflex testing for clinical management
in routine practice. Considering these limitations, the reflex testing
procedure cannot be adopted by our national institutions at this time.
Moreover, if implemented, it could potentially create disparities in ac-
cess to care across the country.

Overall, the panel confirmed the importance of BRAF p.V600OE
testing as key information in clinical management of mCRC patients,
reaching the total agreement on the statement below.

3.4. Eligible patients

As stated in the previous section, the panel suggested investigating
BRAF p.V600OE molecular mutational status in all mCRC patients,
regardless of their characteristics, because molecular analysis plays a
crucial point in guiding treatment choice (Tabernero et al., 2021).

However, the eligibility of non-metastatic patients to BRAF p.V600E
molecular testing is a debated topic.

The panel recommended assessing BRAF status in patients whose
CRCs show loss of MLH1 expression by immunohistochemistry. As
already mentioned, the presence of BRAF mutation implies that MLH1
expression is down-regulated by somatic methylation of the gene’s
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The BRAF p.V600E mutation is associated with poor prognosis, impacting not only the recurrence rate but also the time of recurrence.

diagnosis.

The availability of molecular testing for BRAF p.V600E mutation is mandatory for the clinical management of patients with metastatic CRC at

promoter region and not by a germline mutation, essentially excluding
LS (Hendriks et al., 2006). Indeed, LS is absent in the vast majority
(about 99 %) of BRAF p.V600E CRC patients with MLH1 loss (National
Comprehensive Cancer Network, 2024).

Overall, the panel considered BRAF mutational assessment as
desirable (but not mandatory) in high-risk stage III CRC patients. In this
context, it could be useful for the oncologist to be aware of the patient’s
poor expected OS/DFS, and increased risk of early recurrence (when
BRAF p.V600E mutations occur in an MSS CRC patients) (Zhu et al.,
2016; Taieb et al., 2023). If molecular data are available at diagnosis,
the time required to set up a correct treatment program when relapse
occurs can be reduced. It could also direct the physician toward
enrolling the patient in studies (i.e. Unicorn Trial, ClinicalTrials.gov
Identifier: NCT05845450) evaluating the preoperative use of targeted
therapies in non-metastatic CRC patients.

The following statement summarizes the panel’s discussion and final
agreement on this topic; an initial version of this statement was amen-
ded since it reached a level of agreement below the required 80 %
threshold during the mm-Delphi process (Appendix 1).

3.5. Clinical evidence on targeted therapies

Recently, BRAF mutational status has emerged as a promising pre-
dictive biomarker, identifying mCRC patients for target therapy. The
panel particularly discussed the optimal placement of targeted therapies
involving BRAF inhibitor (encorafenib) combined with anti-epidermal
growth factor receptor (EGFR) therapy (cetuximab) within the treat-
ment algorithm for metastatic colorectal cancer (mCRC).

This approach has been approved as the standard of care for the
treatment of BRAF p.V600E-mutated mCRC patients who have previ-
ously received systemic therapy (BEACON trial). In this trial, encor-
afenib plus cetuximab with or without binimetinib improved mOS, ORR,
and mPFS compared with standard chemotherapy plus cetuximab.
Moreover, by adding binimetinib to the experimental arm, the overall
efficacy was not modified, while higher rates of adverse events were
observed, supporting the use of encorafenib plus cetuximab schedule,
which was subsequently approved by regulatory agencies worldwide
(Trullas et al., 2021; Tabernero et al., 2021).

An Italian, multicenter retrospective observational study confirmed
clinical outcomes from the BEACON trial in a real-life setting. Overall,
n=133 BRAF V600E mCRC patients were enrolled and treated with
encorafenib plus cetuximab with or without binimetinib in 21 partici-
pating centers. Among them, 97 patients only received encorafenib plus
cetuximab. As shown by the authors, encorafenib plus cetuximab
treatment showed consistent clinical outcomes in line with the BEACON
trial in terms of safety and efficacy (Boccaccino et al., 2022).

Italian national guidelines approved ICIs (first line pembrolizumab

as monotherapy and nivolumab plus ipilimumab in the second line)
(Keytruda® SmPC; Opdivo® SmPC; Yervoy® SmPC) in patients with
CRCs showing microsatellite instability (d-MMR/MSI-H).

Of note, all Italian and international guidelines recommend first-line
immunotherapy, regardless of BRAF mutational status in MSI-H mCRC
patients (Cervantes et al., 2023; Morris et al., 2023; National Compre-
hensive Cancer Network, 2024; Associazione Italiana di Oncologia
Medica, 2021).

The BEACON trial lacks clinical data on target therapies after the
first-line with ICIs regimen, reducing clinical evidence for this recom-
mendation. However, as pointed out by the panel, CRC patients previ-
ously treated with ICIs were assessed in the BEACON trial, and targeted
therapy is a key weapon for second-line treatment in clinical practice. In
accordance with ESMO guidelines, the clinical rationale suggests that
BRAF-mutated /MSI-H positive CRC patients receiving first-line immu-
notherapy could also benefit from encorafenib plus cetuximab upon
progression (Cervantes et al., 2023).

The role of encorafenib plus cetuximab for the first-line treatment in
both MSS and MSI-H mCRC patients is currently under investigation in
randomized clinical trials (BREAKWATER study, ClinicalTrials.gov
Identifier: NCT04607421; SEAMARK study, ClinicalTrials.gov Identi-
fier: NCT05217446).

The following statement summarizes the panel’s discussion and final
agreement on this topic; an initial version of this statement was amen-
ded since it reached a level of agreement below the common required
threshold of 80 % adopting mm-Delphi algorithm (Appendix 1).

3.6. Pre-analytical phase

BRAF molecular testing has become a crucial step for the clinical
management of CRC patients however the pre-analytical phase still re-
quires some standardization (Supplementary Figure 2). The term “pre-
analytical phase” refers to several sequential working procedures
necessary for the preservation of the diagnostic specimen, such as fixa-
tion in formalin, processing of tissue and short cold ischemia time
(Malapelle et al., 2023).

Following this assessment, the expert panel considered both primary
and metastatic specimens feasible for successful molecular analysis. In
this scenario, it is essential to receive specimens as soon as possible to
immediately activate preserving procedures able to improve morpho-
logical and molecular assessment of diagnostic samples (Malapelle et al.,
2023). Therefore, “cold ischemia time” (the time ranging between sur-
gical resection and fixation procedure) should be minimal (reaching a
maximum of one hour) to decrease nucleic acid fragmentation rate.
Overall, pre-analytical optimized procedures are fundamental both for
correct morphological and molecular evaluation and for
predictive/prognostic-pivotal parameters (Hammond et al., 2010; Wolff

Immediate testing for BRAF mutational status is mandatory for all patients with early CRC with loss of MLH1 as part of the Lynch syndrome
diagnostic algorithm and should be considered in routine practice for patients with high-risk resected stage III CRC to add prognostic infor-
mation and quickly inform for an appropriate therapy in case of disease recurrence.
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preferred option.

In MSS BRAF p.V600E-mutated patients progressing during adjuvant or first-line chemotherapy-based regimens and MSI-H mCRC patients with
BRAF p.V600E mutation progressing on immunotherapy, the combination of encorafenib-cetuximab should be considered as the first and

et al., 2013).

Each specimen should be fixed in 10 % neutral buffered formalin
(4 % formaldehyde) for 6-48 hours (Malapelle et al., 2023), depending
on sample type (surgical resection or small biopsy). Formalin fixation is
considered the most critical step in the pre-analytical phase since
over-fixation can drastically impact on nucleic acid integrity (Cappello
et al., 2022). Pathologists are key actors in molecular diagnostic pro-
cedures: the selection of micro- or macro-dissecting neoplastic areas to
evaluate neoplastic cell percentage dramatically impacts on the identi-
fication of the most suitable technical approach for molecular testing
(Cappello et al., 2022).

Indeed, to obtain adequate tumor cell content (>20 %) the available
specimens should be reviewed by a pathologist and enriched by
microdissection before DNA extraction (Malapelle et al., 2023). This
step removes from the samples large portions of non-neoplastic cells
which would otherwise dilute neoplastic cellularity (Hunt and Finkel-
stein, 2004; Fassan, 2018; Parente et al. 2023). Specimens resected after
adjuvant chemotherapy/radiation therapy or affected by a high mucin
content and necrotic debris (two potential PCR inhibitors) should be
rejected (Hunt and Finkelstein, 2004; Fassan, 2018). Moreover, neo-
adjuvant treatments may decrease tumor cell percentage generating a
false negative result. Therefore, in patients undergoing neoadjuvant
therapy, it is recommended to use the pretreatment biopsy samples for
molecular analysis rather than the surgical specimen (Boissiere-Michot
et al., 2012).

In addition, Formalin-Fixed Paraffin-Embedded (FFPE) bio-
specimens should be appropriately stored while waiting for the technical
availability of molecular testing. Three years of storage at room tem-
perature may impact FFPE block adequacy for NGS-based molecular
tests (Hedegaard et al., 2014).

Before DNA extraction, FFPE specimens should also be deparaffi-
nized. It has been shown that improved DNA yield and integrity can be
obtained by adopting deparaffinized slides in comparison with tissue
sections in tubes (Kofanova et al., 2020). Although xylene drastically
impacts on nucleic acid integrity, alternative deparaffinization reagents
may be useful (namely mineral oil, hexadecane, pentadecane or tetra-
decane), yielding higher nucleic acids concentration compared with
standardized protocols (Malapelle et al., 2023).

Nucleic acid extraction procedures and heat treatment conditions
applied for reverting crosslinks should be set to optimize the pre-
analytical management of diagnostic samples. Currently, a plethora of
different technical procedures are available to successfully carry out
nucleic acid purification from diagnostic routine samples: membrane-
based kits, silica column-based or magnetic bead-based methods, dual
DNA/RNA extraction kits, and automatized FFPE extraction methods
(Malapelle et al., 2023). Several clinical trials have compared the
technical performance of these diagnostic procedures to harmonize
pitfalls in preanalytical managing procedures of tissue specimens.

After reviewing and discussing all the above-listed evidence, the
panel reached an agreement using the mm-Delphi approach on the
following statement. Of note, panelists considered as routinely available
specimens both tissue from primary tumor and from metastatic sites.

3.7. Analytical phase

At the present time, two distinct technical approaches are routinely
available for BRAF molecular analysis: the Real-Time Polymerase Chain
Reaction (RT-PCR) and the Next Generation Sequencing (NGS) based
systems, both methods present pros and cons which should be discussed
(Cappello et al., 2022).

RT-PCR is a highly sensitive, cheaper, and easy-to-use technology,
showing lower turnaround than NGS. Thus, RT-PCR-based platforms are
the most diffuse technical approach for detecting BRAF clinically rele-
vant alterations in the diagnostic routine practice of small and medium
institutions. Unfortunately, RT-PCR-based approaches are affected by a
scant reference range able to identify selected hotspot mutations
(Cappello et al., 2022; Angerilli et al., 2021; Russo et al., 2021).

NGS platforms, on the other hand, are routinely adopted in high-
volume molecular testing institutions. NGS systems detect any variant
from a large number of covered genes (from 2 to 500 genes) in the same
run. In addition, NGS approaches are scalable depending on the refer-
ence range of the selected panel. Considering this aspect, small medium
NGS panels (2-50 genes) and comprehensive genomic profiling panels
(>200 genes) should be used in clinical practice and research trials,
respectively (Cappello et al., 2022; Havel et al., 2019; Russo et al.,
2021). Moreover, NGS panels allow simultaneous RAS and BRAF anal-
ysis, which is currently recommended in routine practice, with testing
for additional emerging biomarkers (Havel et al., 2019; Angerilli et al.,
2021).

Despite these technical advantages, NGS systems have not yet
replaced RT-PCR as for BRAF testing in CRC patients, pinpointing a
possible integrated role for these technical approaches. ESMO guidelines
recommend NGS implementation when the costs are comparable to
those of RT-PCR (Mosele et al., 2024).

Although NCCN guidelines consider IHC as a valid technical option
for BRAF p.V600E detection in CRC patients, the panel did not recom-
mend this assay due to the low-analytical performance of dedicated
antibodies requiring internal validation, and intra-tumoral and inter-
operator variability impacting on the technical results (Grillo et al.,
2024, National Comprehensive Cancer Network, 2024; Galuppini et al.
2017).

Molecular testing for BRAF mutations can also be performed on
liquid biopsy (LB) (Russo et al. 2021). LB overcomes some of the tech-
nical limitations of tissue-based molecular approaches, such as spatial
and temporal heterogeneity (Ou et al., 2018). Moreover, LB consists of a
noninvasive, dynamic, simple molecular analysis approach with low
TAT (Russo et al., 2021). The prospective Poseidon study compared LB
and standard tissue biopsy (STB) for RAS/BRAF mutation detection rate
on a real-world mCRC series. In this trial the overall agreement between
LB and STB reached 83 %; LB sensitivity and specificity compared with
STB were 90 % and 80 %, respectively. However, about 13 % of the
results obtained with LB were false negatives (Procaccio et al., 2021). In
this scenario, an expert opinion of the AIOM-SIAPEC-IAP-SIBIOC-SIF
Italian Scientific Societies recommended LB to be used for BRAF muta-
tion only when an inadequate surgical sample or biopsy is available for
molecular test (Russo et al., 2021).

The performance of molecular testing relies not only on the quality of the method itself, but also on the quality of the analysed biospecimen.




U. Malapelle et al.

Panelists reviewed this statement on the BRAF mutational testing
strategy in mCRC patients reaching the agreement in the mm-Delphi
procedure, with only 2 panelists preferring NGS over real-time PCR.

3.8. Reporting of the molecular profiling

According to the panel, a clearly interpretable molecular and clinical
report is still an open challenge in diagnostic routine practice. Particu-
larly, NGS-derived molecular records require easy-to-understand and
clinically informative report for clinicians. Reports from external labo-
ratories can also be challenging if explanatory comments, which are
increasingly needed as diagnostic technology evolves, are not included.

In addition, the panel highlighted that molecular reports lack uni-
formity, with heterogeneous technical procedures (platforms, infra-
structure, biosources) available in each testing institution. Therefore,
standardized guidelines are mandatory to build easily interpretable
clinical reports.

In this scenario, a molecular analysis report should clearly and
concisely include (Schmid et al., 2022):

e General clinical data (name, surname, date of birth, sex), the
ordering physician, the laboratory that performed the analysis, and
the specimen (ID number, date of collection).

Type of specimen used for molecular testing (FFPE — biopsy or
resection specimen, frozen tissue, LB). In the case of a tissue sample,
histological diagnosis, tumor cell content, whether microdissection
was performed, and the identification of the physician supervising
the diagnostic procedure should be included. If a liquid biopsy
sample is available, collecting time and pre-analytical managing
procedures should be summarized.

Details regarding methodology/procedure, i.e. type of assay, limit of
detection, target description (genes and exons/codons tested - if
applicable).

Molecular results (list of molecular alterations using standard
nomenclature system and including variant allele frequencies - if
applicable; additional analytic and clinical interpretative
comments).

Finally, BRAF testing should be completed and reported within a TAT
of <10 working days for at least 90 % of the test requests (Cervantes
et al., 2023; Malapelle et al., 2023).

As a summary of this discussion on clinical reporting of BRAF mu-
tation tests, the panel proposed the following statement, which reached
an agreement in the mm-Delphi process.

3.9. Multidisciplinary team

According to the panel, it is important to establish a standardized
mCRC patient journey, designed according to each centre’s peculiarities
and aimed at making information on BRAF mutational status readily
(and with low TAT times) available to the healthcare professionals who
need it (Fig. 1).

The panel underlined the pivotal role of the pathologist in the
diagnostic scenario of BRAF-mutated CRC patients and, generally, in
personalized diagnostics, which is the pillar of precision oncology
(Angerilli et al., 2021).

Pathologists should be aware of the challenges associated with the
molecular assessment of BRAF in mCRC and act flexibly, tailoring their
practice to each individual case.
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In particular, they should choose the most appropriate diagnostic
strategy based on the characteristics of the available sample and select
the most technically adequate platform taking into account the limit of
detection.

Finally, they should provide other health professionals who manage
mCRC patients with comprehensive information on the mutations
detected since different types of BRAF mutations have different prog-
nostic and therapeutic significance.

This discussion was summarized in the following and last statement
of this expert’s opinion paper; the statement reached the agreement in
the mm-Delphi process.

4. Conclusions

Considering the clinical benefit of targeted drugs in BRAF p.V600E
mCRC patients, molecular analysis has become an essential part of
clinical management.

This experts’ opinion paper proposes nine statements that provide
practical and concise advice on BRAF mutation testing in CRC patients
derived from collegial discussion and analysis of a multidisciplinary
team of experts, including referral Italian oncologists and pathologists.

The cited statements represent a key weapon for healthcare pro-
fessionals committed to managing mCRC patients overviewing the
pivotal aspects implied in the detection, treatment, and management of
BRAF-mutated CRC patients. Indeed, it is of paramount importance to
raise awareness regarding the importance of BRAF mutation testing in
mCRC patients. Despite the relatively low incidence of BRAF mutations
in mCRC, the availability of a specific targeted treatment has added a
predictive value giving the opportunity to improve clinical outcomes for
CRC patients.

Where needed, optimization of the test journey should be pursued.
This paper should therefore be considered a starting point in the
implementation of diagnostic-therapeutic workflow able to adapt to the
variability of local resources while respecting the high-quality standards
required by modern precision oncology.
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