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ABSTRACT

Background: Treatment of metastatic colorectal cancer (mCRC) with BRAFV600E mutation
is challenging. Resistance to treatment is a significant cause of unfavourable clinical
outcomes. Aim: This work investigated the effectiveness and safety of bevacizumab (BEV)
mFOLFOXIRI as an initial line of treatment of mCRC with BRAF V600E mutation.

Materials & Methods: This prospective, phase Il, open-label study included 30 participants with
mCRC harboring RAS wild-type and BRAF V600E mutation in primary tumors or metastases.
Patients received 5 mg/kg BEV plus mFOLFOXIRI biweekly for 12 cycles, until progression of
the disease, intolerable toxicity, or resectability. The main end point was to evaluate response,
additional end points were progression free survival, overall survival and toxicity.

Results: In the current study, 18 patients achieved objective response (6.67% complete
responses, 53.33% partial responses). The disease was stable in 8 (26.67%) patients.
Progression-Free Survival (PFS) was 76.67% at 6 months, 43.33% at 12 months, and 10%
at 36 months. Overall Survival (0S) was 83.33% at 6 months, 73.33% at 12 months, and
26.67% at 36 months. The treatment protocol showed a high incidence of Diarrhea
(73.33%). Hematological toxicities were dominated by neutropenia (40%). G-CSF
prophylaxis was given to 76.66%, and the dose was reduced in 36.6% of patients.
Conclusions: BEV-mFOLFOXIRI combination demonstrates efficacy in treating BRAF mutant
V600E mCRC, with a high response and disease control rate. However, the treatment is
associated with considerable toxicities, requiring careful monitoring and management.
Keywords: Bevacizumab, BRAF mutation, FOLFOXIRI, metastatic, colorectal cancer

INTRODUCTION

Colorectal cancer (CRC) is a prevalent malignant tumor, ranked as the 3rd
malignancy in men and the 2nd in women, based on data from the WHO
GLOBOCAN database (1). Patients with metastatic colorectal cancer (mCRC)
receiving multidisciplinary therapy have median survival period exceeding 30
months (2,3). Notably, the selection of initial treatment options remains a
pivotal step in the treatment pathway (4).

The standard treatment approach has been a combination of two
chemotherapy agents, typically fluoropyrimidine and either irinotecan or
oxaliplatin, accompanied by targeted therapies (5).

BRAF is a considerable gene of the RAS-RAF-MAPK pathway. Mutations in
the oncogenic BRAF gene cause the signaling system to be constitutively active,
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which in turn promotes tumor growth and inhibits cell
death (6). Most BRAF mutations (about 90%) are the
V600E variant, which causes the BRAF kinase activity to
be hyperactivated in a way that is not dependent on
Ras (7). Mutation of BRAF V600E is documented in up
to 10% of all mCRC cases (8).

BRAFV600E mutation is steadily linked with poor
outcome in mCRC. Patients diagnosed with mutated-
BRAF V600E mCRC have an overall survival (0S)
duration ranging from 9.8 to 18.2 months (9).
Worsening resistance to treatment is a significant
contributor to these unfavorable clinical outcomes.

The BRAF V600E mutation acts as a mechanism of
resistance to EGFR inhibitors and randomized trials
conducted in BRAF V600E mutant/RAS wild type mCRC
patients suggested limited benefits (10).

The TRIBE trial stated that patients with BRAF
V600E mutant mCRC achieved higher rates of objective
response and considerable median OS (29.8 vs. 25.8
months) with FOLFOXIRI plus bevacizumab as first line
of tretment (11).

Despite the established efficacy of FOLFOXIRI plus
BEV, ongoing research continues to refine its benefits
(12).

MATERIAL AND METHODS

This prospective phase Il study included 30 patients,
performed between February 2021 to February 2024
after the ethical approval of the Tanta University
Hospital ethical committee in Egypt (approval code
36264PR418). Informed written consent was obtained
from the patients.

Inclusion and Exclusion Criteria

All the participants in this trial aged above 18 years
and had metastatic colorectal cancer with wild-type
RAS gene (exons 2, 3, 4 of KRAS and NRAS) and BRAF
V600E mutation in their primary or metastatic sites.
Patients with Eastern Cooperative Oncology Group
(ECOG) performance status of 0-1 and not received
prior chemotherapy in a metastatic setting were
included.

The study excluded cardiovascular disease that
occurred within 12 months before enrollment,
untreated CNS lesions, or a history of nonhealing
wounds or bleeding.

Pretreatment Evaluation

All cases underwent a thorough history, physical
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examination, laboratory investigations including tumor
markers CEA, CA19.9, and radiological tests including
PET CT if available.

Genetic Testing for RAS and BRAF

The genetic panel was assessed using a real-time
qualitative PCR assay on DNA extracted from Formalin-
Fixed-Paraffin-embedded tissue.

Treatment Received

Patients received bevacizumab 5 mg/kg and
mFOLFOXIRI [irinotecan (150 mg/m?), oxaliplatin (85
mg/m?), folinic acid (200 mg/m?), and 5-Fluorouracil
(2400 mg/m?).

Treatment schedule

Treatment regimen was received every 2 weeks
until progression of the disease, development of
Unacceptable toxicities, determination of resectability,
or a maximum of 12 cycles, whichever came first.

Maintenance treatment

Following 12 cycles, maintenance treatment with
bevacizumab (5 mg/kg once every 2 weeks) along with
capecitabine.

Follow-up period

Follow-up interval ranged from 6-18 months.

Dose reduction

A dose reduction was implemented for grade 3-4
acute toxicities.

End Points

The primary end point was response assessment by
RECIST criteria 1.1 using a CT scan or MRI every 8-12
week.

Additional end points included progression-free
survival (PFS) defined as the time from the date of
diagnosis to disease progression or death, and overall
survival (OS) defined as the time from the date of
diagnosis to death due to any cause.

Toxicity

The grade of toxicity and adverse events were
determined according to NCI-CTC criteria, version 5
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(13). G-CSF was administered as a secondary
Prophylaxis for patients who developed grade >3
neutropenia and as a primary prophylaxis in cases of
old age and low-performance status.

Statistical Analysis

Our data were analyzed using SPSS version 26 (IBM
Inc., Chicago, lllinois, United States). The mean and
standard deviation were used to represent quantitative
data, while frequency and percentage were used to
represent qualitative characteristics. The Kaplan-Meier
curve was used to illustrate PFS and OS.

RESULTS

In the current study the Mean age at diagnosis was
57.5 years, more than one half of patients were <60
years. Performance status was 0 in 7 (23.33%) patients
and 1 in 23 (76.67%) patients. Seventeen patients
(56.6%) had right side primary tumor. Ten patients
(33.33%) had a single metastatic site, while 20 (66.67%)
patients had multiple metastatic sites. Liver metastasis
was observed in 16 (53.33%) patients, with the liver
being the only affected site in 5 (16.67%) patients. In
addition, 9 (30%) patients had lung metastases. Prior
treatment consisted of primary resection in 15 (50%)
patients, followed by adjuvant therapy in 13 (43.33%)
patients (table 1).

Treatment Response

All patients were assessed for treatment response
after full course of BEV, mFOLFOXIRI. Two patients
(6.67%) achieved a complete response, while 16
(53.33%) patients showed a partial response. The
disease was stable in 8 (26.67%) patients and progres-
sive in 4 (13.33%) patients. The objective response rate
was 60%. The disease control rate was 86.67%. Twenty
patients (66.67%) had disease progression (table 2).

Survival

The PFS was 76.67% at 6 months, 43.33% at 12
months, 36.67% at 18 months, 33.33% at 24 months,
and 10% at 36 months. The OS was 83.33 at 6 months,
73.33% at 12 months, 46.67% at 18 months, 40% at 24
months, and 26.67% at 36 months (fig. 1 a, b).

Progression occurred in 20 (66.67%) patients with a
median PFS of 12 months. Death was reported in 22
(73.33%) patients with a median OS of 16 months

(fig. 1 a, b).
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Table 1 - Demographic data of the studied patients

Clinicopathological features: (N=30)
Age (years)

Mean + SD 57.5+5.87

> 60 13 (43.33%)
- 17 (56.67%)
Sex

Male 13(43.33%)
_ Female 17(56.67%)
PS

0 7(23.33%)
1 23(76.67%)
Side of the primary tumor

Right 17(56.67%)
~Left 13(43.33%)
Metastatic sites

1 10(33.33%)
L 20(66.67%)
Metastatic sites

Combined 16(53.33%)

Liver only 5(16.67%)
_.....Lung 9(30%)
Previous treatment

Primary resection 15(50%)
__Adjuvant treatment 13 (43.33%)
Denovo metastatic 15(50%)

Data are presented as mean+ SD or frequency. PS: Performance status.

Toxicity

Diarrhea was the most prominent GIT toxicity in our
study G1-2 in 14 (46.67%) patients and G3in 8 (26.67%)
patients. Grade 1-2 nausea and vomiting was reported
in (40%,20%) of patients respectively, while G3 was
reported in (6.67%,3.33%) of patients respectively.
Mucositis was G1-2 in 12 (40%) patients and G3 in 1
(3.33%) patient. Neuropathy was G1-2 in 14 (46.67%)
patients and hand-foot syndrome was G1-2 in 4
(13.33%) patients (table 3).

Regarding hematological disorders, anemia G1-2
was reported in 4 (13.33%) patients. Thrombo-
cytopenia was G1-2 in 3 (10%) patients, G3in 1 (3.33%)
patient, and G4 in 1 (3.33%) patient. Neutropenia was
G1-2 in 3 (10%) patients, G3 in 6 (20%) patients and G4

Table 2 - Response of the studied patients

N (%)

Response

Complete response 2 (6.67%)

Partial response 16 (53.33%)

Stable disease 8 (26.67%)
L Progressive disease 4 (13.33%)
Obijective response rate 18 (60%)
Disease control rate 26 (86.67%)
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Figure 1 - (a) Kaplan Meier curve of progression free survival for all patients
(b) Kaplan Meier curve of overall survival for all patients
Table 3 - Toxicity of the studied patients Table 4 - Hematological toxicity of the studied patients
N(%) N(%)
Nausea Anemia
G1-2 12(40%) G1-2 4(13.33%)
G3 2(6.67%) G3 0(0%)
Total 14(46.67%) G4 0(0%)
i/-(-)-rﬁ-i-ting ___ Total 4(13.33%)
G1-2 6(20%) Thrombocytopenia
G3 1(3.33%) G1-2 3(10%)
Total 7(23.33) G3 1(3.33%)
G4 1(3.33%)
Diarrhea
G1-2 14(4667%) R Total 5(1666%)
G3 8(26.67%) Neutropenia
.. Total 22(73.33%) G1-2 3(10%)
Mucositis g3 g(fg of’)
G1-2 12(40%) 4 (10%)
G3 1 (333%) R Total 12(40 /o)
Total 13(43.33%) Febrile neutropenia
Neuropathy g1 -2 1 %(%Z“;
G1-2 14(46.67%) 3 (3.33%)
G3 0(0%) G4 0(0%)
Total 14(46.67%) Total 1(3.33%)
Hand-foot syndrome Data is presented as frequency (%).
G1-2 4(13.33%)
G3 0(0%)
Total 4(13.33%)

in 3 (10%) patients. Febrile neutropenia was G3 in 1
(3.33%) patient (table 4).

The dose was reduced in 11 (36.6%) patients,
including those with Glll diarrhea. Nine patients (30%)
received G-CSF as secondary prophylaxis, while 14
patients (46.66%) started primary GCSF prophylaxis.

DISCUSSION
Treatment of metastatic colorectal cancer depends

on various clinical factors, tumor location and molecu-
lar features as (RAS, RAF, MMR) status.
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Persistent associations between BRAF V600E
mutations and unfavorable outcomes in mCRC high-
light a critical need for improved treatment options
(14). Combining BEV with FOLFOXIRI chemotherapy
yields better results than FOLFOXIRI alone (15). We
chose a BEV dose of 5 mg/ kg based on a previous study
that used BEV ranging from 5 to 7.5 mg/kg (16).

Our research revealed favorable clinical results,
with an objective response rate (ORR) of 60%, compris-
ing 6.67% complete responses and 53.33% partial
responses. These results were comparable to results
from the TRIBE study, which showed an ORR of 65%.
However, the results are slightly lower than the ORR of
72% reported by Loupakis et al. (17) in a phase Il trial of
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FOLFOXIRI plus bevacizumab. However, our disease
control rate (DCR) of 86.67% is comparable to their
findings of 88%. The discrepancy in ORR might be
attributed to differences in patient selection.

In addition, our results align with the outcomes
of the phase |l trial (FIRE-4.5; AIO KRK0016), which
randomly assigned previously untreated RAS wild-type
BRAF V600E-mutated mCRC patients to FOLFOXIRI plus
either bevacizumab or cetuximab (18). FOLFOXIRI plus
bevacizumab had an ORR of 67% versus 51% in the
cetuximab arm.

The progression and mortality rates in our study
were 66.67% and 73.33%, respectively, reflecting the
aggressive nature of this mutation. This underscores
the challenging nature of BRAF V600E-mutant mCRC,
aligning with results from BRACELET study (19), that
reported high progression rates of 53% despite the use
of FOLFOXIRI plus anti-VEGF therapy group.

In the current study PFS decreased from 76.67% at
6 months to 10% at 36 months and a median OS of 16
months, declining from 83.33% at 6 months to 26.67%
at 36 months.

The therapeutic impact observed in our study aligns
with the Naz et al. (20) meta-analysis, which confirmed
the benefit of combining bevacizumab with chemo-
therapy in improving survival outcomes (HR for OS:
0.689). Our findings also complement Song et al., (21)
meta-analysis, highlighted the disease control advan-
tages of bevacizumab-based regimens. However,
unlike the BRACELET study (18), which found no
significant survival benefit of FOLFOXIRI plus
bevacizumab over doublet regimens, our study
demonstrates a high RR, PFS, and OS. This contrast
might stem from variations in patient selection.

Diarrhea as the most prominent GIT side effect,
affecting 73.33% of patients, with 26.67% experiencing
grade 3 severity. This finding is consistent with the
AtezoTRIBE study by Antoniotti et al. (22), who
reported Diarrhea as a significant adverse effect of
FOLFOXIRI. Moreover, Aranda et al. (16) also reported
significant gastrointestinal toxicities. Other GIT toxicities
included nausea (46.67%), mucositis (43.33%), and
polyneuropathy (46.67%), with severity profiles resem-
bling those observed in the TRIBE study (22).

Hematological toxicities were dominated by
neutropenia (40%), a rate that mirrors findings from
the BRACELET study. Shimozaki et al. (19), where
neutropenia was the most common grade >3 adverse
events in triplet regimens. Also, our findings are like the
Hurwitz et al. (15) study, which observed grade >3
treatment-emergent adverse events in over 85% of
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patients receiving FOLFOXIRI plus bevacizumab. In our
research, dose reduction was implemented in 39.6% of
patients. Thirty percent of the patients received
G-CSF in subsequent doses due to the observed high
incidence of neutropenia, and 46.66% received GCSF as
a primary prophylaxis.

In the current study, the Bevacizumab-FOLFOXIRI
regimen demonstrated significant therapeutic efficacy,
achieving a favorable objective response rate (ORR) of
60%, which comprised 6.67% complete responses and
53.33% partial responses. Although Grade 3 diarrhea
and neutropenia were reported in 26.6% and 20% of
the cohort, respectively, the majority of adverse events
were limited to Grades 1-2. These results suggest that
while high-grade toxicities occur, they remain clinically
manageable, ultimately supporting the regimen's
robust clinical benefit.

However, the relatively lower incidence of thrombo-
cytopenia (16.66%) and anemia (13.33%) further
underscores the tolerability of the regimen in our cohort.
Additionally, our toxicity findings resonate with those
reported in the TRIBE study Cremolini et al. (23),
confirming the regimen’s feasibility in real-world
settings.

BRAFV600E mCRC patients have poor survival, and
there are unmet needs for more effective treatment
for this group of patients, BRAF mutation induces
resistance and affects the response to EGFR inhibitors
(24-26). Therefore, Resistance to EGFR inhibitors can
be mitigated by adding a BRAF inhibitor to the
treatment regimen. Data from the BEACON trial
supporting the use of the chemotherapy-free protocol,
BRAF inhibitor (encorafenib) plus cetuximab, for
patients with RAS wild-type- BRAF V600E mutant mCRC
that has progressed after initial chemotherapy (27).

Limitations of the Study

Limitations of this study should be taken into
consideration when interpreting the findings. While the
lack of a control arm in this study may limit a definitive
assessment of the role of Bevacizumab-FOLFOXIRI in
treating BRAF V600E mutant mCRC, our conclusions
are bolstered by established data from previous large
randomized controlled trials. A larger sample size with
subgroup analysis is highly recommended, in the
current study MMR/MSI status was assessed for
financially supported patients only and should be
assessed for all patients. This is significant because the
BRAF mutation and dMMR/MSI-H status frequently
overlap (28).
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CONCLUSIONS

Bevacizumab, in combination with FOLFOXIRI,
demonstrates efficacy in treating BRAF V600E mutant
mCRC patients with good performance status, achieving
high response rates and disease control. However, the
treatment is associated with considerable toxicities,
requiring careful monitoring and management.
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