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ABSTRACT
Background: Colorectal cancer is one of the most commonmalignancies with a high rate of liver
metastasis, and various gene mutations have been proven to be involved in its pathogenesis. One
of them is BRAF genemutations, the most frequent of which—V600E—has a poor prognosis in pa-
tients with colon cancer. Case presentation: By applying the FOLFIRINOX regimen and a specific
maintenance strategy containing vemurafenib, we achieved disappearance of metastatic lesions,
no recurrence, and good stability in a Kurdish patient with metastatic colon cancer harboring RAS-
wt/BRAF V600E.Conclusion: Our therapeutic strategy allows the selection of themost appropriate
treatment approach for patients.
Key words: Colon cancer, FOLFIRINOX, BRAF V600E, Vemurafenib

INTRODUCTION
Colorectal cancer (CRC) is the second leading cause
of cancer death and the third most common cancer
worldwide1. Distant metastases occur in approxi-
mately 65% of cases. The liver is the most common
site of CRC metastasis (20 — 30%), followed by the
lungs (10—25%)2,3. The survival rate is lower inmen
than inwomen, while the 5-year survival rate is poorer
for rectal cancer than for colon cancer4. Generally,
CRC affects 71% of the colon and 29% of the rectum5.
Sporadic cases are observed in approximately 70% of
patients, and environmental and dietary factors are
mainly involved. Hereditary predisposition is noted
in < 10% of patients and occurs owing to several ge-
netic changes, which can be identified through spe-
cific genetic tests5,6.
Based on the different molecular mechanisms in-
volved in CRC, many treatment methods can be used.
The most important molecular mechanisms underly-
ing different subtypes of CRC are microsatellite insta-
bility, chromosomal instability, and DNA repair ma-
chinery error7. As a serine/threonine kinase, v-raf
murine sarcoma viral oncogene homolog B1 (BRAF)
is located downstream of the mitogen-activated pro-
tein kinase (MAPK)/epidermal growth factor recep-
tor (EGFR) signaling pathway 8. The V600Emutation
of this gene permanently activates theMAPKpathway
and is associated with epigenetic activation of MLH1,
resulting in the microsatellite instability phenotype in
patients with CRC9,10. Thismutation occurs in a spe-
cific subtype of CRC with a poor prognosis. After

performing molecular and diagnostic tests, we deter-
mined that our patient hadRAS-wt/BRAFV600Emu-
tation; we immediately treated her with the FOLFIRI-
NOX regimen and a specificmaintenance therapy and
obtained promising results.

CASE PRESENTATION
In February 2019, a 45-year-old Kurdish woman was
referred to the Kermanshah Hematology and Oncol-
ogy Clinic with symptoms of weight loss and abdom-
inal pain. The patient had no relevant clinical his-
tory. Following a physical examination of the patient,
the physician requested an abdominal CT. Labora-
tory examination indicated an increase in the CEA
and CA19-9 levels and a decrease in the RBC in-
dices. The complete blood count (CBC) testing re-
sults were as follows: platelet count: 284 (normal
range: 120 – 450) × 109/L, hemoglobin level: 9.1
(normal range: 11.5 – 16.5) g/dL, and white blood
cell (WBC) count: 6.6 (normal range: 3.5 – 11) ×
109/L. CT illustrated a fungating tumor with a di-
ameter of 40 × 26 mm seen in the transverse colon.
Subsequently, PET-CT displayed primary lesions as
mural thickening in the splenic flexure of the trans-
verse colon with mesenteric lymph node nvolvement
and multiple metastatic lesions on the right side of
the liver. A panel of genetic tests, including tests for
KRAS, NRAS, PLD1, and BRAF mutations, was per-
formed; only BRAF mutation (V600E) tested posi-
tive. Based on these findings, the patient was di-
agnosed with disseminated colon cancer and treated
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with 12 cycles of the FOLFIRINOX regimen (leucov-
orin, 5-fluorouracil [FU], irinotecan, and oxaliplatin)
and cetuximab (Erbitux) therapy. The metastatic le-
sions resolved within 2 weeks after the chemotherapy
courses. Thereafter, total colectomy and hyperther-
mic intraperitoneal chemotherapy were conducted in
the transverse colon, and the tumor lesions were re-
moved.
Pathological examination did not show any tumors.
Owing to the good response and poor prognosis of
BRAF mutation in the colon tumor, the patient re-
ceived a maintenance therapy regimen consisting of
capecitabine, vemurafenib, and Erbitux for more than
2 years. During this time, the initial response tomain-
tenance therapy was relatively good, and the CBC
testing results were as follows: platelet count: 150 ×
109/L, hemoglobin level: 11.6 g/dL, and WBC count:
5.4× 109/L. Similarly, there was no evidence of resid-
ual invasive tumor in the colon pathology report. The
patient currently receives continual treatment with
gradual tapering of these combinations and is fol-
lowed up regularly.

DISCUSSION
The BRAF gene has 18 exons, and its gene locus is on
chromosome 7 and functions as a proto-oncogene11.
This serine/threonine protein kinase is an impor-
tant signalingmolecule in the EGFR-mediatedMAPK
pathway, the activation of which is mediated by GT-
Pase/RAS8. This pathway and the closely related
phosphatidylinositol 3-kinase/AKT signaling path-
way play a substantial role in the transcription of
genes involved in cancer progression. Therefore, ab-
normalities involved in the activation of these path-
ways are among the causes of many types of human
cancer12. Approximately 70% of BRAF-activating
mutations occur in malignant melanomas, and the
most commonmutation is V600E, which changes va-
line to glutamic acid in codon 600 and accounts for
approximately 95% of mutations in this gene13. This
substitution has been observedwith a lower frequency
in other types of human cancer, including CRC at 10
– 20%14. As revealed in a recent meta-analysis, tu-
mors with BRAF V600E mutations occur mainly on
the right side of the colon, with a higher prevalence
in women and elderly populations (over 60 years of
age)15.
Notably, there is a mutually exclusive relationship be-
tween KRAS mutation and BRAF V600E16. Accord-
ingly, the treatment strategies for patients can differ.
In patients with KRAS-wt, the recommended first-
line treatment is the administration of FOLFOX or
FOLFIRI regimens, cetuximab or panitumumab, and

doublet chemotherapy. These may be considered for
some patients with right-sided RAS-wt tumors to re-
duce cytotherapy 17.
In our study, the patient had RAS-wt/BRAF V600E
mutation, which was observed with transverse colon
involvement and liver metastasis. Thus, we started
treatment with FOLFIRINOX (FFX) plus cetuximab.
FOLFIRINOX has been recommended and exten-
sively prescribed as a first-line treatment for patients
with pancreatic ductal adenocarcinoma since 201118.
FFX includes leucovorin, FU, irinotecan, and oxali-
platin19, and this regimen plus cetuximab can be used
in the first-line treatment of patients with metastatic
CRC20. After 12 cycles of this regimen, the liver
metastatic lesions of our patient resolved, and colec-
tomy was then performed. Because of the favor-
able response and poor prognosis of BRAF V600E
mutations in the colon tumor, the patient received
maintenance therapy, which included capecitabine
(chemotherapy drug), vemurafenib (BRAF inhibitor),
and cetuximab (EGFR inhibitor) and continued for
more than 2 years; to date, the results have been
promising.
Maintenance therapy generally consists of a less toxic
portion of the previous regimen or an entirely dis-
parate combination to which the patient has not for-
merly been exposed20. This therapeutic strategy is
performed in patients who have not responded to sal-
vage therapy and is intended to extend the positive re-
sults achieved with first-line induction treatment21.
Treatment continuation or medication break is left
to the doctor’s discretion. The advantages of drug
vacations or therapeutic breaks include less toxicity,
fewer hospital visits, better quality of life, and cost sav-
ing20,22.

CONCLUSION
The use of FOLFIRINOX for complete response and
resolution of metastatic lesions in patients with colon
cancer with RAS-wt/BRAF V600E mutation is rarely
reported. Our study showed that this combination
plus a maintenance therapy strategy can lead to a
complete and sustained therapeutic response. This
strategy allows the selection of the most appropriate
therapeutic method for the patient, yielding benefits
such as cost savings and fewer hospital referrals. Our
findings emphasize the importance of further investi-
gations through larger prospective studies.

ABBREVIATIONS
BRAF: V-raf murine sarcoma viral oncogene ho-
molog B1, CBC: complete blood count, CRC:
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Figure 1: Immunohistochemistry showing the BRAF V600Emutated protein in the patient with metastatic
colon cancer.

Figure 2: Diagram showing themaintenance therapy regimen in our study.
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Colorectal Cancer, EGFR: Epidermal growth fac-
tor receptor, FFX: FOLFIRINOX, Hb; hemoglobin,
HIPEC: Hyperthermic Intraperitoneal Chemother-
apy, IHC: Immunohistochemistry, MAPK: medi-
ated mitogen-activated protein kinase, PI3K: phos-
phatidylinositol 3-kinase,WBC: white blood cell.
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