
Abstract. Background: While previously believed to be
mutually exclusive, concomitant mutation of Kirsten rat sarcoma
viral oncogene homolog (KRAS)- and V-raf murine sarcoma b-
viral oncogene homolog B1 (BRAF)-mutated colorectal
carcinoma (CRC), has been described in rare instances and been
associated with advanced-stage disease. The present case series
is the first to report on the implications of concurrent
KRAS/BRAF mutations among surgically treated patients, and
the largest set of patients with surgically treated colorectal liver
metastasis (CRLM) and data on KRAS/BRAF mutational status
thus far described. Case Series: We present cases from an
international, multi-institutional cohort of patients that

underwent hepatic resection for CRLM between 2000-2015 at
seven tertiary centers. The incidence of KRAS/BRAF mutation
in patients with CRLM was 0.5% (4/820). Of these cases, patient
1 (T2N1 primary, G13D/V600E), patient 2 (T3N1 primary,
G12V/V600E) and patient 3 (T4N2 primary, G13D/D594N)
succumbed to their disease within 485, 236 and 79 days
respectively, post-hepatic resection. Patient 4 (T4 primary,
G12S/G469S) was alive 416 days after hepatic resection.
Conclusion: The present case series suggests that the incidence
of concomitant KRAS/BRAF mutations in surgical cohorts may
be higher than previously hypothesized, and associated with
more variable survival outcomes than expected. 

Approximately 135,000 new cases of colorectal carcinoma
(CRC) are expected to be reported during the course of the
current year in the United States (1). Unfortunately, around
65% of these patients will either present with or develop
distant metastases, with the liver (40%) being the most
common site of disease spread (2). In turn, several attempts
have been made to assess the prognosis of patients with
colorectal lives metastasis (CRLM) using clinicopathological
risk factors. Nonetheless, a consistently accurate prognostic
model for this patient population has yet to be developed (3).
As such, recent studies have focused on the development and
validation of biological markers that may provide more
accurate prognostic forecasts in patients with CRLM (4). 
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Among the biomarkers studied so far, the presence of
kirsten rat sarcoma viral oncogene homolog (KRAS) and 
V-Raf murine sarcoma viral oncogene homolog B1 (BRAF)
mutations has been shown to have considerable prognostic
value in both CRC and CRLM (5). Among patients with
CRC, mutated KRAS is reported in up to 35-45%, while
mutated BRAF has been found in approximately 10% of
patients (6-10). The presence of KRAS and BRAF mutations
has traditionally been considered mutually exclusive (11).
However, recent case reports of metastatic CRC suggest that
the concurrent presence of KRAS and BRAF mutations is
possible (12-14). Although both KRAS and BRAF mutations
activate the extracellular signal-regulated kinase (ERK)
pathway and were thus hypothesized to provide redundant
oncogenic stimuli, newer data suggest that this is not the
case. Specifically, due to a paradoxical parallel activation of
cellular senescence mechanisms, KRAS mutations have a
much lower oncogenic capacity than BRAF mutations (15).
For example, the presence of the BRAF V600E mutation
results in a 138-fold increase in transforming (oncogenic)
capability, which considerably exceeds the effects of KRAS
G12V point mutations (16, 17). In turn, as the KRAS G12V
mutation is reportedly the most prognostic genetic marker in
CRLM, it follows that the BRAF V600E mutation will in
combination exert an even more powerful effect on survival.
Moreover, the coexistence of KRAS and BRAF mutations is
thought to have a synergistic effect on disease progression
(18, 19). Historically the recommendation for CRC has been
to test for BRAF mutations only if the presence of KRAS
mutation had already been excluded (9). As such, very
limited information exists on the biological behavior of
tumors that harbor concurrent KRAS/BRAF mutations. To the
best of our knowledge, the present case series is the first to
report on the implications of concurrent KRAS/BRAF
mutations among surgically treated patients, and the largest
set of surgical CRLM patients with data on the KRAS/BRAF
mutational status thus far. 

Case Series

The four cases presented in this report were derived from an
international, multi-institutional cohort of 820 patients that
underwent hepatic resection for CRLM at the Johns Hopkins
Hospital, the Medical University of Vienna, the Stanford
University School of Medicine, the Charite – University of
Berlin, the Medical University of Graz, the Haukeland
University Hospital (Bergen, Norway) and the Cleveland
Clinic. Genomic DNA was isolated from primary CRC or
CRLM tissue specimens and was used as a template for
sequencing the BRAF gene locus (V600E and non-V600E
mutations) and KRAS codons 12, 13 and 61, using standard
techniques. Specifically, sequencing was performed using
version 2 of Ion AmpliSeq multiplex panel (20). 

Case 1. The first case was a 61-year-old Caucasian man with
metachronous CRLM that presented after the resection of
T2N0 primary CRC (left colon); the disease-free interval was
11 months. Prior to hepatic resection, the patient received
three cycles of folinic acid, fluorouracil and oxaliplatin
(FOLFOX), with the last treatment administered 6 weeks
prior to surgery. Following minor hepatectomy, a major
pathological response to chemotherapy was noted (defined
as the presence of 0-49% viable tumor in the resected
specimen). According to the pathology report, a single tumor
of 0.7 cm was found in the specimen and an R0 resection
was achieved. The serum carcinoembryonic antigen (CEA)
level at the time of hepatic resection was 13.4 ng/ml. A
G13D mutation of the KRAS gene was detected. A codon 600
mutation in exon 15 of the BRAF gene, resulting in the
substitution of valine with glutamine (V600E) was also
detected. In addition, the patient was positive for mutations
of phosphatase and tensin homolog (PTEN), mothers against
decapentaplegic homolog 4 (SMAD4), smoothened (SMO)
and tumor protein p53 (TP53), but negative for microsatellite
instability (MSI). Following resection of CRLM, the patient
remained in hospital for 12 days, with recovery complicated
by abdominal dehiscence (Dindo–Clavien Grade 3). No post-
hepatectomy chemotherapy was given. The patient
experienced a single intrahepatic recurrence 290 days post-
resection that was treated with chemotherapy. Unfortunately,
the patient died from his disease 485 days post-hepatic
resection.

Case 2. The second case was a 58-year-old Caucasian man
diagnosed with synchronous CRLM and T3N1 primary CRC
(sigmoid colon, two metastatic lymph nodes). Prior to
undergoing major hepatectomy, the patient was treated with
two cycles of FOLFOX, with the last cycle administered 5
weeks prior to resection. According to the pathology report,
a single tumor of 0.4 cm was found in the specimen and an
R0 resection (margin width of 8 mm) was achieved. Serum
CEA at the time of hepatic resection was 8.5 ng/ml. Genetic
sequencing of the liver lesions revealed the presence of a
G12V mutation of the KRAS gene. A V600E mutation of the
BRAF gene was also detected, but the patient was MSI
negative. After resection, the patient spent 10 days in
hospital. Of note, he did not receive any adjuvant treatment.
The patient unfortunately succumbed to his disease 236 days
post-hepatic resection.

Case 3. The third case was a 70-year-old Caucasian man
diagnosed with synchronous CRLM and T4N2 primary CRC
(rectum, 18 metastatic lymph nodes). The liver metastases
were treated with a major hepatectomy. According to the
pathology report, multiple, bilateral liver metastases were
present throughout the specimen with the largest one
measuring 0.3 cm; microscopic invasion of the resection
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margin was also detected. Serum CEA at the time of hepatic
resection was 6255.4 ng/ml. A G13D mutation of the KRAS
gene and a D594N mutation of the BRAF gene were
detected. The patient was also positive for an E545K
mutation of the phosphatidylinositol-4,5-bisphosphate 3-
kinase catalytic subunit alpha (PIK3CA) gene but negative
for MSI. The patient spent 6 days in hospital after resection
and experienced no postoperative complications. The patient
was subsequently diagnosed with peritoneal disease and died
79 days post-hepatic resection. 

Case 4. The fourth case was a 65-year-old man diagnosed
with metachronous CRLM and T4N1 primary CRC (cecum,
one metastatic lymph node). The patient was treated with
minor hepatectomy; a solitary liver metastasis measuring 2 cm
was noted in the specimen during pathological examination
and an R0 resection (4 mm margin width) was achieved.
Serum CEA at the time of hepatic resection was 4.1 ng/ml. A
G12S mutation of the KRAS gene was observed. A G469A
mutation of the BRAF gene. The patient remained in the
hospital for 3 days and experienced no post-operative
complications. After resection, the patient was treated with
FOLFOX. As of the most recent follow-up visit 416 days after
hepatic resection, the patient remains alive and disease-free.

Discussion 

In this case series, we sought to describe the presentation and
outcome of four surgically treated patients with CRLM and
concurrent KRAS/BRAF mutations. Importantly, the present
study is, to our knowledge, the first to focus exclusively on
patients with surgically treated disease, and the largest set of
such patients described thus far.
The majority of relevant studies have reported a low

incidence of concomitant KRAS and BRAF mutations in
CRC. For example, eight prior studies identified only four
patients with concurrent KRAS/BRAF mutations out of a total
cohort of 6251 patients (0.064%) (13, 21-27). Interestingly,
Oliveira et al. reported a higher incidence of concurrent
KRAS/BRAF mutations among patients with microsatellite
stable sporadic CRC (10/250, 4%). With respect to CRLM
specifically, only four cases of concomitant KRAS/BRAF
mutations have been previously reported, all of which
concerned medically treated patients (12, 13). Conversely,
the present study provides insight into the incidence of
combined KRAS/BRAF mutations in a surgical cohort. This
distinction is important as surgical cohorts generally include
patients with less aggressive disease characteristics. As such,
it may be expected that combined KRAS/BRAF mutations
would be extremely rare in surgical cohorts, given their
reported synergistic effect on disease progression. However,
the incidence of concurrent KRAS/BRAF mutations in our
cohort was less rare than expected (4/820, 0.5%), possibly

suggesting a lack of uniformity in the biological behavior of
these mutations. Specifically, while Oliveira et al. and others
have suggested that concurrent KRAS/BRAF mutations are
associated with advanced disease stage, higher likelihood of
lymph node involvement and distant metastasis, and reduced
prognosis, our findings suggest that this pattern may not be
universal; for example, our first case presented with
relatively low-stage disease (12, 14). 
The genetic profile of case 1 is notable for multiple

reasons. Firstly, all concomitant KRAS and BRAF mutations
described so far have exclusively involved KRAS codon 12
(12-14, 19). However, cases 1 and 3 harbored mutations of
KRAS codon 13. Indeed, it is known that KRAS mutations
generally involve codons 12 and 13, while codons 61 and
146 are affected more rarely (28). As such, while this is, to
our knowledge, the first time that a KRAS codon 13 mutation
has been described alongside a BRAF mutation, the
involvement of codon 13 is broadly consistent with previous
reports on KRAS mutations (7, 10, 29). Secondly, while in
the current study we describe tumors with concomitant KRAS
and both V600E and non-V600E mutations of BRAF,
previous reports in CRLM have only described concomitant
KRAS/BRAF V600E mutations. Interestingly, all of these
reports have associated the presence of the BRAF V600E
mutation with advanced disease stage, while in the present
study, case 1 which harbored a V600E mutation presented
with relatively low-stage disease. In contrast, cases 3 and 4
presented with advanced disease (T4N1), despite harboring
non-V600E mutations.
The present case series was derived from a large multi-

institutional cohort with readily available clinical and
pathological data. However, the study was retrospective in
nature, which may limit the generalizability of our findings.
Prospective studies are needed to assess the true frequency
and impact of concomitant KRAS/BRAF mutations in patients
with CRLM. More importantly, given that both codon (codon
12 vs. 13) and point-specific KRAS mutations, as well as
codon-specific BRAF mutations (V600E vs. non-V600E),
reportedly have a variable impact on survival, it would be
interesting to assess how different mutation combinations
may impact prognosis (7). 
In conclusion, the present case series suggests that the

incidence of concomitant KRAS/BRAF mutations in surgical
cohorts may be higher than previously hypothesized.
Moreover, while the small sample size precludes reliable
prognostic comparisons, the patients assessed had variable
survival outcomes, rather than a uniformly adverse prognosis
as previously reported. In the absence of larger studies, there
is insufficient evidence to suggest that a change in either
genetic testing strategies (i.e. testing for BRAF mutations in
patients with KRAS-mutated tumors) or in the surgical
management of patients with concomitant KRAS/BRAF
mutations would result in any clinical benefit.  
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