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Background: BRAFY600E mutation is associated with poor prognosis of colorectal
cancer (CRC) patients, but the comparison of clinic-pathologic features between V600OE
and non-VB00E mutation was not well-known in CRC patients. The aim of this study is
to evaluate the clinical and pathological features, prognostic value of BRAF mutations
in CRC.

Methods: We conducted a retrospective study to characterize the clinical and
pathological features and survival of patients with BRAF mutated CRC. Patients were
classified according to BRAF status as BRAFV890F mutation and non-V600E mutations.
Difference of characteristics and survival between the two groups was analyzed.

Results: There was no significant difference in gender, family history, location of primary
tumor, metastatic sites between patients with BRAF-VE00E mutation and non-V600E
mutations. Patients with VBOOE mutation were younger than those with non-V600E
mutations (p = 0.002). Patients with BRAFVY699F mutation showed a poorer outcome
than those with non-V600E mutations (23.1 vs. 49.9 months, respectively, p = 0.0024).
Lack of CDX2 expression was associated with worse prognosis (mOS: 9.4 m vs. not
reached, respectively, p = 0.016). Status of VBOOE mutation did not affect the mPFS
and ORR of first-line or second-line treatment.

Conclusion: BRAFY8E mutation defines a distinct subgroup of CRC with worse
prognosis. Lack of CDX2 expression is associated with poor OS. Status of V600E
mutation did not affect the mPFS of first-line or second-line treatment.

Keywords: BRAF, V600OE, CDX2, colorectal cancer, prognosis

INTRODUCTION

Colorectal cancer (CRC) is the third most prevalent malignancy worldwide (1). CRC is
widely recognized as a molecularly heterogeneous disease, resulted from accumulation of
genetic and/or epigenetic changes involving several pathways, such as microsatellite instability
(MSI), chromosomal instability (CIN), RAS-RAF-MEK-ERK-MAPK pathway. Among them,
mutations in RAS and BRAF (v-raf murine sarcoma viral oncogene homolog B) genes are most
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widely used in clinical decision making (2). BRAF, a proto-
oncogene, plays an important role in cell differentiation,
proliferation and survival through MAPK pathway (3).
Therefore, its aberrant activation is critical for tumorigenesis
in many types of malignancies, such as melanoma, hairy cell
leukemia, papillary thyroid carcinoma, non-small cell lung
cancer (NSCLC) as well as CRC (4-9). In CRC, the incidence of
BRAF mutation is about 3-10% (4, 10-12). The most common
BRAF mutation is due to a CTGCAG change in the nucleotide
1,799 of exon 15 (T1799A), which leads to an amino acid
substitution from valine to glutamate at codon 600 (p.V600E).
This mutation is known as BRAFYE mutation, which accounts
for 56-90% of BRAF mutations (13-16). Many studies have
demonstrated the negative prognostic value of BRAF V600E
mutation on metastatic CRC patients (4, 8). However, in our
clinical practice, we found that not all the BRAFV0F patients
had poor prognosis. Moreover, non-V600E BRAF mutations
are less common in CRC, and their clinical and pathological
features, prognostic and predictive value were less discussed.

Since the behavior of BRAFV6%E mutated mCRC is aggressive,
the PFS of traditional chemotherapy is poor and only
60% of patients can receive second-line treatment. Hence,
intensive combination of targeted therapy and chemotherapy
may be effective. FOLFOXIRI plus bevacizumab regimen
has demonstrated an improved PFS and OS (17). So, it
is recommended during first-line treatment for BRAFY600E
mutated mCRC. During second-line treatment, combined
approach with several targeted inhibitors against different
key components of MAPK pathway has showed promising
results, with a median progression free survival (PFS) of 7.7
months by vemurafenib, irinotecan, and cetuximab (18, 19), or
8.0 months by encorafenib, binimetinib, and cetuximab (20).
To our knowledge, there are no studies about effectiveness
of chemotherapy for Chinese CRC patients with BRAF
mutation. In this study, we evaluated these mutations and
tried to provide new insights of Chinese BRAF mutations
CRC patients.

METHODS

Clinical Data

In this study, we retrospectively review CRC patients with BRAF
mutation who were diagnosed between April 2013 to January
2020 at Sun Yat-sen University Cancer Center (Guangzhou,
China). All the patients were diagnosed as CRC by hematoxylin
and eosin (HE) staining and histologically analysis. Clinic
records, including gender, age, primary tumor location, TNM
stage at diagnosis, metastatic sites, family history, MSI/MMR
status, date of diagnosis and date of last contact, were collected
by our medical record system.

Ethics and Consent Statement

The studies involving human participants were reviewed and
approved by ethics committee of Sun Yat-sen University Cancer
Center. The patients provided written informed consent to
participate in this study.

DNA Extraction, and NGS Library

Preparation and Sequencing

DNA from the tumor tissues and their paired normal tissues
or peripheral blood cells were extracted using the QIAamp
DNA FFPE Tissue kit (Qiagen, Hilden, Germany) according to
the protocols recommended by the manufacturer as previously
described (21). DNA concentration was measured using the
Qubit dsDNA HS Assay kit on a Qubit Fluorometer 3.0
(Life Technologies, Carlsbad, CA, USA). Gene mutations of
samples collected before February 2019 were tested by the
OncoCarta Panel version 1.0 (Sequenom Inc., San Diego, CA,
USA) which covered a total of 238 possible mutations in 19
common oncogenes as previously described (12). OncoScreen
Panel (Burning Rock Biotech Ltd, Guangdong, China) was used
for detection of 295 key genes since February 2019. The threshold
of input DNA quantity was 200 ng for samples to proceed to
library preparation, as previously described (22, 23). Fragments
between 200 and 400 bp were purified by AGEcout AMPure
beads (Beckman Coulter, Pasadena, USA). Hybridization, hybrid
selection and PCR amplification were then performed according
to the commercial protocol, and the indexed samples were
sequenced on an Illumina NextSeq500 sequencer with pair-
end reads (Illumina, Inc., San Diego, USA). A minimal median
unique sequencing depth of 500X was necessary and sufficient to
assess low frequency mutations for each tumor sample.

Statistical Methods

The patients’ clinicopathological features were summarized with
descriptive statistics. Categorical variables were compared using
Chi square test, and comparisons of continuous variables were
performed using Student’s ¢-test. Five-year cause specific survival
(CSS) was calculated from the date of diagnosis to the date
of cancer-specific death. Survival among different variables was
compared using Kaplan-Meier estimates and the log-rank test.
Statistical analysis was carried out by the IBM SPSS Statistics
22.0.0 package software (SPSS Inc) and the Intercooled Stata 13.0
(Stata Corporation, College Station, TX). All the P-values were
two-sided, and statistical significance was set at P < 0.05.

RESULTS

Patients Characteristics

From April 2013 to January 2020, 74 Chinese CRC patients with
BRAF mutations were investigated in Sun Yat-sen University
Cancer Center. Fifty four (73.0%) were BRAFVO0E mutated.
Most patients were diagnosed at advanced stage (59/74, 79.7% at
stage IV). There were 26 (35.1%) right-sided (cecum to transverse
colon) and 19 (25.7%) left-sided (splenic flexure to sigmoid
colon) cases, and the rest were in rectum (29/74, 39.2%). Patients
with V600OE mutation were much younger than those with non-
V600E mutations (48.1 vs. 58.8 years old, p = 0.002). The most
common sites of non V600E mutations are codon 469, 464, and
594. There was no significant difference in gender, family history,
location of primary tumor, metastatic sites, CDX2 status, MSI
status or TMB level between V600E and non-V600E groups.
Though RAS and BRAF genes were thought to be mutually
exclusive, 4 cases with RAS and BRAF co-mutations were found
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TABLE 1 | Clinical characteristics of colorectal cancer patients with BRAF
mutation.

TABLE 2 | First line therapy for patients with BRAFY69°F mutated colorectal
cancer.

V600EN =54 Non-V600OEN =20 P-value
Gender 0.653
Female 22 (40.7) 7 (35.0)
Male 32 (59.9) 13 (65.0)
Age 0.002
Mean + SD 48.1 £ 13.1 58.8+11.2
Median 48 63
Family history 0.566
No 39 16
Lung cancer history
Colorectal cancer history 2 1
Other cancer history 5 0
Location 0.076
Right-sided colon 22
Left-sided colon 15
Rectum 17 12
RAS 0.001
Wild type 54 16
Mutation 0
PIBK 0.348
Wild type 46 14
Mutation 8
MSI status 0.401
MSS/MSI-L 44 12
MSI-H 1 1
Unknown 9 7
T™B 0.440
Mean + SD 7.3+£36 84 +1.7
Median 71 8.2
CDX2 0.453
Positive 21 7
Negative 7 1
Unknown 26 12
TNM stage 0.355
| 0 1
I 2 1
Il
[\ 45 14
Metastasis site
Liver 30 12 0.732
Lung 13 8 0.177
Peritoneal 23 7 0.5655
Bone 1 3 0.058
Distant lymph node 20 6 0.685

in our study. All of them were non-V600E mutated. The clinical
and pathological features are showed in Table 1.

Eight patients with negative CDX2 expression were found in
our study. The median age was 47.3 (30-69) years. Most of them
(6/8, 75%) were male. Seven (87.5%) of them were BRAFY60F
mutated. In terms of primary tumor location, there were 3 cases

Regimen Partial Stable Progression mPFS
response disease disease (months)

Bevacizumab + FOLFOXIRI 6 3 2 8.8

N=11)

Bevacizumab + FOLFOX/ 2 5 2 9.1

FOLFIRI/XELOX (N = 9)

FOLFOXIRI/FOLFOX/FOLFIRI/ 4 8 7 4.6

XELOX (N = 19)

Cetuximab + 0 2 0 4.3

FOLFOX/FOLFIRI (N = 2)

on each side of colon, and the rest 2 cases were located in
the rectum. No remarkable difference of age, gender, location,
differentiation, metastatic site was found in patients with negative
CDX2 compared to those with positive CDX2 expression.

Treatment

All patients at stage I, II, and III (9/54 in V600E group and
6/20 in non-V600E group, respectively), received radical surgery.
Sixty five patients received first-line therapy and 58 of them
were evaluable. Forty eight patients with BRAFV'F mutation
received first-line treatment, and the regimen mostly used was
bevacizumab plus two or three-drug chemotherapy (Table 2).
Besides, 2 patients received local therapies for primary tumor
and metastatic sites in the condition of disease controlled after
systemic treatment. Among the 20 cases with BRAF"on—V600E
mutation, 17 patients received first-line treatment, including
10 cases with chemotherapy alone, 5 with chemotherapy plus
cetuximab, and 2 with chemotherapy plus bevacizumab. Two
patients received local therapies for liver/lung metastasis. Median
progression free survival (mPFS) and objective response rate
(ORR) of patients with BRAFVO0E myutation was 7.3 months
(95%CI: 4.6-9.1 months) and 30.1%, while patients with non-
V600E mutations had an mPFS of 7.6 months (95%CI: 6.4-12.5
months) and an ORR of 37.5%. PFS and ORR during first-line
treatment was not affected by status of V600E mutation (p = 0.51
and 0.64, respectively, Figure 1). PFS of different regimens for
BRAFVOE mutated patients is showed in Table 2. It seems that
regimens with Bevacizumab + chemotherapy had a better PFS
than chemotherapy alone or chemotherapy plus cetuximab, but
the statistical significance was not reached.

Thirty three patients received second-line therapy. the
regimens mostly used for patients with BRAFV®E mutation
were VIC (vemurafenib, irinotecan and cetuximab) and
bevacizumab plus chemotherapy (Table 3). Among patients with
BRAFPon—V600E mytation, only 8 patients (8/17, 47%) received
second-line treatment. Four of them received chemotherapy
alone, 3 received bevacizumab plus chemotherapy, and 1 patient
received cetuximab plus chemotherapy. mPES for patients
with BRAF Y¢%E and non-V600E mutations was 2.9 months
(95%CI: 1.7-8.7 months) and 4.6 months (95%CI: 1.8- months),
respectively (p = 0.30, Figure 2). The ORR of BRAF V6%°F and
non-V600E mutations was 14.3 and 12.5%, respectively, p = 0.90.
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FIGURE 1 | First-line PFS of CRC patients with BRAF VE00OE and non-V600E mutation (ECOG = 0-2).

18 24

TABLE 3 | Second line chemotherapy for patients with BRAF Y898 mutated
colorectal cancer.

Regimen Partial Stable Progression mPFS
response disease disease (months)

VIC (N = 8) 1 5 2 2.9

Bevacizumab + 1 4 3 9.7

FOLFOXIRI/FOLFIRI (N = 8)

FOLFOXIRI/FOLFIRI (N = 2) 0 0 2 1.2

Regorafenib/Fruquintinib (N = 3) 1 1 1 1.8

The effect of different regimens for patients with BRAFY600E
mutation is presented in Table 3. Bevacizumab + chemotherapy
seemed to have an improved PFS (9.7 months) compared to
other regimens, though it was not statistically different.

Among the 8 patients with loss of CDX2 expression, 6 patients
received first-line treatment. Two of them were treated with
bevacizumab plus chemotherapy, and the other 4 patients used
chemotherapy alone. The ORR was 16.7% (1/6) and mPFS was
3.2 months.

Survival Analysis
The median overall survival (OS) of all patients was 27.4 months
in our study. Patients with BRAFV6°°E mutation showed a poorer

outcome than those with non-V600E mutations (23.1 vs. 49.9
months, p = 0.0024, Figure 3). There were 15 patients diagnosed
at early stage (stage I, II, and III; 9/54 with V600OE mutation and
6/20 with non-V600E mutation). All of them received radical
surgery and 10/15 received adjuvant chemotherapy. The median
disease-free survival (DFS) was 15.3 months (3.0-63.9 months).
No statistical difference was found between V600E/non-V600E
patients (14.0 vs. 15.3 m, respectively, p = 0.257). However, Non-
V600E mutant type at early stage showed better OS than V600E
mutant type (not reached vs. 26.1 m, respectively, p = 0.05).

The overall survival after recurrence or metastasis was 18.9
months in BRAFV6%E group and not reached in BRAF"on~V600E
group (p = 0.051). Multivariate analysis was showed in
Table 4 and BRAFV®'F was an independent prognostic factor
for survival. The univariate analysis showed that only CDX2
expression was related with prognosis of BRAFV'F mutation
patients, while gender, age, tumor location, tumor mutational
burden (TMB) level and TNM stage were not (Table 5). Patients
with negative CDX2 expression have worse outcome compared
to those with positive CDX2 (mOS: 9.4 months vs. not reached, p
= 0.016, Figure 4).

There were 3 BRAFVOF patients who were alive for more
than 40 months. One was a 66-year old male diagnosed
as at stage II in 2013, who received radical surgery. The
immunohistochemistry of primary tumor showed CDX2 positive
and dMMR (MSH2 deficient). He got single lung metastasis after
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FIGURE 2 | Second-line PFS of CRC patients with BRAF VB00OE and non-V600E mutation (ECOG = 0-2).

5 years and received resection of the metastatic tumor and oral S1
as chemotherapy. He had multiple brain metastasis and received
local radiotherapy in 2019. This patient was still in the follow-up.
The other two patients were diagnosed at stage IV with pMMR
and unknown CDX2 status. One got tumor located in rectum,
with concurrent lung and peritoneum metastasis. The other one
got left-sided colon cancer with peritoneum metastasis. Both
patients received XELOX as first-line treatment and bevacizumab
plus FOLFIRI regimen as second-line treatment.

DISCUSSION

It has been reported that BRAF mutated CRC patients have
specific clinical, pathological and molecular characteristics,
compared to patients with wild-type BRAF (14). Clinically,
BRAF mutated CRCs are more often seen in elderly women,
located in right-sided colon, and accompany with peritoneal
and/or distant lymph node metastasis (4, 24). Regarding
to pathological features, BRAFY®"E mutated CRCs are
characterized by mucinous components, poor differentiation
and highly aggressive behavior (14). In addition, BRAFY600E
mutation is associated with MSI-H/dMMR status, and mutually
exclusive with RAS mutations (25-27). However, few studies
have described the clinical, pathological and molecular features
of non-V600E mutations. We tried to summarize the similarities
and differences between V600E and non-V600E mutations in

our single institution in China. The frequency of non-V600E
mutations was 27% (20/74) in our study, similar with the rates
reported in other literatures (15). Patients with non-V600E
mutations showed no difference in gender, family history,
metastatic sites, CDX2 status or TMB level compared with
patients with V600E mutation. Regarding primary tumor
sidedness, some studies demonstrated that CRC with non-V600E
mutations might be more often on left side, but others found
no relation between sidedness and non-V600E mutations
(15, 16, 28). In this study, we found most of non-V600E mutated
CRC located on left colon and rectum, but due to the small
sample size, the difference was not statistically significant.
Besides, we found 4 cases (4/20, 20%) with concomitant
presence of both BRAF non-V600E and RAS mutations, though
BRAF mutation was thought to be mutually exclusive with
RAS mutations. Jones et al. also reported that patients with
non-V600E mutant CRC were more likely with concomitant
RAS mutation (15). According to previous literatures, though
some subtypes of BRAF mutants had impaired or no kinase
activity, they might retain oncogenic function by co-expression
with other mutations, such as RAS/EGFR mutations (29). In
fact, some researchers have identified BRAF mutations as three
classes according to their acting pattern and RAS dependency:
class 1 (V600 mutations) is activated monomers when RAS
activity is low; class 2 (codon 464, 469, 597 and 601) acts as a
RAS-independent dimer; class 3 (codon 287, 459, 466, 467, 469,
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FIGURE 3 | Overall survival of CRC patients with BRAF VB0OE and non-V600E mutation.

TABLE 4 | Multivariate analysis for patients with BRAF mutated colorectal cancer.

Characteristics N Overall survival
HR 95% CI P

Mutational status

BRAF V600E 54 1

BRAF non-V600E 20 0.34 0.14-0.84 0.019
Age

<49 year 32 1

>49 year 42 1.98 0.87-4.48 0.102
Gender

Male 45 1

Female 29 1.28 0.61-2.69 0.523
Primary tumor site

Right colon 26 1

Left colon/rectum 48 1.38 0.61-3.12 0.436
Stage

I, 11,10 15 1

v 59 1.75 0.73-4.21 0.212

581, 594, 595, and 596) acts as a dimer with impaired kinase
activity, so the oncogenic potential is RAS-dependent (29, 30).
This may explain the concomitant presence of BRAF non-V600E
and RAS mutations in some cases.

It has been broadly demonstrated that BRAFVF mutation
is associated with poor prognosis of CRC patients regardless
of stage (25, 31). According to our analysis, patients with non-
V600E mutations had better OS than those with V600E mutation
(p = 0.0239), especially for patients diagnosed at early stage.
Shimada et al. reported V600E mutant type showed poorer OS
than non-V600E mutant type after RO resection (p = 0.038),
which was consistent with our result. However, the prognostic
value of non-V600E mutations is still controversial due to limited
clinical data of this subgroup. Cremolini et al. found that some
subtypes of non-V600E mutations (codon 594 and 596) might
indicate a favorable outcome (28). More recently, Jones et al.
reported a longer OS in patients with BRAF non-V600 mutations
(60.7 months), which not only exceeded the OS of 11.4 months
for patients with BRAFVO°E mutation, but also the survival of
43.0 months for patients with wild-type BRAF gene (15). Besides,
they explored if the kinase activity (which was discussed above)
would influence the OS of BRAF™"~V60%E mytant patients. It
turned out there was no significant difference in OS for patients
with activated vs. impaired kinase (p = 0.544) (15). Hence the
non-V600E mutated CRC may be a totally different subtype of
CRC regarding to prognostic value.

Though BRAFV®YE mutation was associated with poorer
survival in CRC, it has been observed that some patients
with BRAFV®E mutation have a relatively poorer outcome
than others. Loupakis et al. classified patients with BRAFY600E
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mutation as three different prognostic groups according to
ECOG score, CA19-9 and LDH level, grade of tumor, status
of metastasis (lung, liver and lymph nodes) (32). Prognosis of

TABLE 5 | Survival analysis for patients with BRAFY6%F mutated colorectal
cancer.

patients with BRAFV6%°F mutation could be related to MMR/MSI
status, or some genetic events occurring in pathogenesis of CRC
(29, 30, 33). Recently, it was reported that CDX2 might play
a significant role in prognosis of CRC (34, 35). CDX2 is a
transcription factor and a specific marker of differentiation of
intestine, which could be used to identified tumors originating
from intestine (36). Aasebo et al. reported that CDX2 expression,
which accounts for 53% of patients with BRAF mutation in
their study, was associated with much better prognosis (34).
Our study also demonstrated that loss of CDX2 expression
indicated worse survival in patients with BRAFYF mutation
(p = 0.016). Therefore, the loss of CDX2 expression may define
a subgroup of poor prognosis in CRC patients, especially those
with BRAFV?F mutation.

Though the prognostic value was widely discussed in many
studies, the predictive role of BRAF mutation in CRC patients
received chemotherapy or targeted therapy remains unclear.
Some studies showed BRAFVS"E mutated patients had worse
PES during first-line chemotherapy (10, 37); on the contrary,
other studies reported that BRAF mutation was not associated
with PFES of first-line treatment (8, 11, 38). The ambiguous
results might depend on the small number of patients enrolled
in the studies. Due to the aggressive behavior observed in
BRAFV®YE mutated CRC, intensive chemotherapy combined
with targeted therapy was used in first-line treatment and proved
to be effective (39). It has been reported that FOLFOXIRI
plus bevacizumab showed an improved response rate and PFS

Survival analysis

CDX2_Negative
— CDX2_Positive

mOS (months) P-value
Gender
Male 24.7
Female 23.1 0.8116
Age
<49 24.8
>48 23.0 0.4016
Location
Right-sided colon 26.1
Left-sided colon 24.8
Rectum 22.4 0.6703
TMB (Mut/Mb)
<7.2 29.4
>7.1 NA 0.5491
CDX2
Negative 9.4
Positive NA 0.016
TNM stage
Il NA
Il 231
[\ 22.4 0.3134
o
Q o —
—
o
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=
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FIGURE 4 | Overall survival of CRC patients with negative and positive CDX2 expression.
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compared to chemotherapy alone in BRAF mutated CRC (17). In
our study, bevacizumab plus chemotherapy regimen had a better
response rate and longer median PFS compared to chemotherapy
alone in BRAFV0E mutated CRC patients, though the statistical
significance was not reached. The response rate of bevacizumab
plus FOLFOXIRI was 54.5%, which was an inspiring result
considering the aggressiveness of BRAFV%E mutated CRC.

Regimens including specific inhibitors against BRAF mutation
and other components of MAPK pathway were proved to be
effective in second-line treatment. The phase II SWOG S1406
trial showed that combination of vemurafenib, irinotecan and
cetuximab (the “VIC” regimen) for BRAFVO9E mutant, RAS
wild-type mCRC had an improved PFS compared with irinotecan
plus cetuximab regimen (4.4 vs. 2.0 months) (18). Recently,
the phase III BEACON trial proved an advantage of response
rate and overall survival for combination of the BRAF inhibitor
(encorafenib), MEK inhibitor (binimetinib) and cetuximab (20).
Since MEK inhibitor was not available in China, we recorded
only eight patients receiving the VIC regimen during second-line
treatment. The ORR was 12.5% (1/8) and PFS was 2.9 months.
The potential predictive value of different BRAF subtypes was
less explored. Our studies showed that the subtypes of BRAF
mutations had no significant impact on PFS during first-line or
second-line treatment (p = 0.51 and 0.30, respectively).

There are some limitations of our study. First, it is a
retrospective study and patients are from a single institution;
hence selection bias inevitably exists. Most patients in this study
were diagnosed at advanced stage, so the frequency of BRAF
mutation in early staged CRC might be underestimated and its
prognostic and predictive value is not clear. Second, given the
rareness of BRAF mutation, especially non-V600E mutation, the
sample size is too small to summarize the whole picture of CRC
patients with BRAF mutation. Third, we were limited by lack of
complete follow-up and treatment information for some patients.

CONCLUSION

In summary, the clinical and pathological features and outcomes
of BRAF mutated CRC patients are heterogeneous. While
BRAFV®YE mutation is related with poor prognosis, non-V600E
mutations define a subgroup of CRC patients with better
outcome. Besides, some molecular basis like CDX2 status may
affect the prognosis. So, it could be valuable to further classify
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