
Cancer Chemother Pharmacol (2011) 68:317–323

DOI 10.1007/s00280-010-1496-5

ORIGINAL ARTICLE

Clinical impact of K-ras mutation in colorectal cancer patients 
treated with adjuvant FOLFOX

Myung Hee Chang · In Kyu Lee · Yoon Si · 
Kyu Sang Lee · In-Sook Woo · Jae Ho Byun 

Received: 2 July 2010 / Accepted: 24 August 2010 / Published online: 24 October 2010
© Springer-Verlag 2010

Abstract
Background K-ras proto-oncogene is commonly mutated
in colorectal cancer (CRC) and has been associated with
predictive markers for anti-EGFR (epidermal growth factor
receptor) therapy. However, the prognostic role of K-ras
status is still unclear. The aim of this study was to evaluate
the association between k-ras status and addition of oxa-
liplatin to Xuorouracil plus leucovorin (FOLFOX) chemo-
therapy in CRC patients with curative surgical resection.
Methods Sixty-six patients with stage II or III CRC were
treated with FOLFOX or Xuorouracil plus leucovorin (FL)

followed by curative surgery between January 2004 and
October 2007. K-ras status was assessed by direct sequencing.
Results Fifteen patients (22.7%) had K-ras mutations of
codon 12 (11/15) or codon 13 (4/15). There were no signiW-
cant diVerences in clinicopathological parameters, such as
age, sex, stage, or adjuvant regimen between the wild-type
K-ras and mutant K-ras. With a median follow-up of
41.6 months (range 25.1–72.3 months), median disease-
free survival (DFS) and overall survival (OS) were not
reached. With regard to K-ras status, DFS and OS were not
statistically diVerent (P = 0.269 and P = 0.917, respec-
tively). Even in the group treated with FOLFOX only, nei-
ther DFS (P = 0.651) nor OS (P = 0.265) was signiWcantly
diVerent according to K-ras status. With the exception of
tumor location in DFS and OS, no diVerences in other vari-
ables were observed. Proximal colon cancer patients had a
longer DFS than distal CRC patients (P = 0.079); this trend
was maintained only in the wild-type K-ras group
(P = 0.051).
Conclusions These results showed that K-ras status was
not associated with clinical outcome in patients treated with
adjuvant FOLFOX.
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Introduction

K-ras proto-oncogene is commonly mutated in colorectal
cancer (CRC) and has been associated with predictive
markers for anti-EGFR (epidermal growth factor receptor)
therapy [1]. Findings from several studies have demon-
strated that patients with K-ras wild-type only beneWted
from anti-EGFR therapy [2, 3]. This means that K-ras
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mutational status has a clear predictive role in anti-EGFR
therapy. However, it is controversial if K-ras status has
prognostic value. A previous RASCAL study showed that
K-ras mutation was signiWcantly associated with decreased
disease-free (DFS) and overall survival (OS) [4]. Conlin
et al. showed that K-ras mutation was predictive of poor
prognosis of CRC [5]. However, there is also evidence to
show that it is not related to prognosis [6–8].

Although adjuvant chemotherapy has been widely used
for a small percentage of stage II or III CRC with a com-
bination of Xuorouracil plus leucovorin (FL), 3-year DFS
was just 70% [9]. Therefore, intense drugs or regimens
are needed. Oxaliplatin in combination with FL (FOL-
FOX) has been shown to be highly active in an adjuvant
setting as well as in metastatic disease [10]. Within
MOSAIC study, FOLFOX was deWnitely superior to FL
alone, which is diVerent from an irinotecan combination
[11]. Although patients with stage II did not have a deWni-
tive survival beneWt with FOLFOX, National Cancer
Comprehensive network (NCCN) has recommended adju-
vant therapy in stage II patients with high-risk features,
such as poorly diVerentiated histology, T4, perforation,
and peritumoral lymphovascular involvement [12]. Since
MOSAIC study, FOLFOX has been commonly used and
has shown survival beneWts compared to the LV regimen
in patients with CRC followed by curative surgery in an
adjuvant setting [13].

The role of k-ras status in an adjuvant setting, as well as
in a metastatic setting, is still unclear. Ahnen et al. showed
that patients with wild-type K-ras beneWt from adjuvant
5-Xuorouracil (5FU) plus levamizole, whereas those with
the K-ras mutation do not [14]. Findings from another study
demonstrated that K-ras status was not associated with
prognosis in patients who were treated with a 5FU-based or
5FU and irinotecan (FOLFIRI) regimen [15, 16]. However,
up to now, deWnite correlation between K-ras mutation and
adjuvant FOLFOX therapy has not yet been fully estab-
lished.

Thus, this study was conducted to evaluate the associa-
tion between K-ras mutation and FOLFOX chemotherapy
in CRC patients with curative surgical resection.

Materials and methods

Patients and treatment

Between January 2004 and October 2007, 66 patients
treated with FL or FOLFOX who also had adequate tissue
samples for K-ras mutation test were analyzed. Following
curative surgery, all patients were treated with either FL
[17] or FOLFOX [11]. Rectal cancer patients who received
adjuvant or neoadjuvant chemoradiotherapy (CCRT)

were excluded. Patients were followed up every 3–6
months at the outpatient clinic. This analysis was approved
by the St. Mary’s Hospital institutional review board
(SC10OISI0065).

Detection of K-ras mutation

Using the QIAamp DNA Mini kit, DNA was extracted
from Wve paraYn sections of 10 �m thickness containing a
representative portion of tumor tissue (Qiagen, Hilden,
Germany). Fifty nanograms of DNA was ampliWed in a
20 �l reaction solution containing 10 �l of 2£ concentrated
HotStarTaq Master Mix (Qiagen, Hilden, Germany), includ-
ing polymerase chain reaction (PCR) buVer with 3 mM
MgCl2, 400 �M each dNTP, and 0.3 �M of each primer
pair (codon 12, 13, F: 5�-cgtctgcagtcaactggaat, R: 5�-gagaa
tggtcctgcaccagtaa). AmpliWcations were performed
using a 15-min initial denaturation at 95°C, followed by
35 cycles of 30 s at 94°C, 30 s at 59°C, and 30 s at 72°C,
and a 10-min Wnal extension at 72°C. PCR products
were then 2% gel-puriWed using a QIAgen gel extraction
kit (Qiagen).

DNA templates were processed for the DNA sequencing
reaction using the ABI-PRISM BigDye Terminator version
3.1 (Applied Biosystems, Foster, CA) with both forward
and reverse sequence-speciWc primers. Twenty nanograms
of puriWed PCR products was used in a 10-�l sequencing
reaction solution containing 1 �l of BigDye Terminator
v3.1 and 0.1 �M of the same PCR primer. Sequencing reac-
tions were performed using 25 cycles of 10 s at 96°C, 5 s at
50°C, and 4 min at 60°C. Sequence data were generated
with the ABI PRISM 3100 DNA Analyzer (Applied Bio-
systems). Sequences were analyzed by sequencing analysis
5.1.1. software (Applied Biosystems) for comparison of
variation.

Statistical analysis

Clinical and pathological variables were compared across
groups using the sample t tests and �2 or Fisher’s exact tests
for continuous and categorical variables. Duration of OS
was calculated from the day of surgery until the date of
death, or the most recent documented follow-up. Disease-
free survival was calculated from the day of surgery to the
day when recurrence was recognized, or the day of the last
follow-up visit. For DFS, patients who died without recur-
rence were censored. OS and DFS were estimated using the
Kaplan–Meier method. Comparisons between groups were
performed using the log-rank test for time-to-event vari-
ables. P values less than 0.05 were considered statistically
signiWcant. The Cox proportional hazard regression model
with 95% conWdence intervals (CIs) was used for calcula-
tion of the HR of events.
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Results

Characteristics of the patients

The median age of the 66 patients was 61 years (range
36–75 years), and 40.9% were women. Stage II and stage
III included 16 patients and 50 patients, respectively. Proxi-
mal colon, distal colon, and rectum were 24.2, 51.5, and
24.2%, respectively. Most histology showed adenocarci-
noma (95.5%). FL and FOLFOX were administered in 20
patients and 46 patients, respectively (Table 1).

Treatment outcome

Most patients received 6 cycles of FL or 12 cycles of FOL-
FOX. One patient who received FL discontinued therapy
after 1 cycle due to general weakness, and Wve patients dis-
continued FOLFOX due to neurotoxicity (3–7 cycles). Sev-
enteen patients relapsed, and six patients (9.1%) died. Two
patients died without relapse. With a median follow-up of
41.6 months (range 25.1–72.3 months), median DFS and
OS were not reached.

Status of K-ras mutation

Among 66 patients, 15 patients (22.7%) had K-ras muta-
tions of codon 12 (11/15) or codon 13 (4/15). Fifty-one
patients (77.3%) had wild-type K-ras. IdentiWed K-ras
mutations were as follows: 6 cases with codon 12
GGT>GTT (p.G12V, c.35G>T); 4 cases with codon 13
GGC>GAC (p.G13D, c.38G>A); 3 with codon 12 GGT>
GAT (p.G12D, c.35G>A); and 1 with codon 12 GGT>TGT
(p.G12C, c.34G>T). There were no signiWcant diVerences
in clinicopathological parameters, such as sex, age, stage,
or adjuvant regimen between the wild-type K-ras and the
mutant. However, despite the fact that no statistical diVer-
ence was observed (P = 0.067), the frequency of K-ras
mutation in development of proximal colon cancer (43.8%,
7/16) showed a trend toward being higher than in distal
colon (14.7%, 5/34) and rectal cancer (18.8%, 3/16)
(Table 2).

Association of K-ras status with clinical outcome

According to clinicopathological variables including K-ras
status, 3-year DFS and OS did not reach median value and
showed no statistical diVerence (P = 0.269 and P = 0.917,
respectively) (Fig. 1; Table 3). DFS and OS according to
follow-up duration (1 and 3 year) were not also diVerent
(P = 0.567 and 100% survival in 1 year, P = 1.000 and
P = 0.767 in 3 year, respectively). Also, analyzing with only

Table 1 Characteristics of patients

FL 5-FU/leucovorin, FOLFOX4 5-FU/oxaliplatin/leucovorin

No. of patients 
(N = 66) (%)

Median age (years) 61 (36–75)

Age, years

<65 45 (68.2)

¸65 21 (31.8)

Gender

Male 39 (59.1)

Female 27 (40.9)

Stage

II 16 (24.2)

III 50 (75.8)

T stage

T3 65 (98.5)

T4 1 (1.5)

N stage

N0-1 47 (71.3)

N2 19 (28.8)

Primary site

Proximal (right) colon 16 (24.2)

Distal (left) colon 34 (51.5)

Rectum 16 (24.2)

Pathology

Adenocarcinoma 63 (95.5)

Mucious 3 (4.5)

DiVerentiation

G1-2 62 (94)

G3-4 4 (6)

Adjuvant regimen

FL 20 (30.3)

FOLFOX4 46 (69.7)

K-ras

Wild 51 (77.3)

Mutant 15 (22.7)

Table 2 Correlation of K-ras gene and primary site

K-ras P

Wild type Mutant type Total

Stage II 0.169

Proximal colon 2 (50%) 2 (50%) 4

Distal colon 4 (66.7%) 2 (33.3%) 6

Rectum 6 (100%) 0 (0%) 6

Stage III 0.076

Proximal colon 7 (58.3%) 5 (41.7%) 12

Distal colon 25 (89.3%) 3 (10.7%) 28

Rectum 7 (70%) 3 (30%) 10
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K-ras status and chemotherapeutic regimen, DFS and OS
did not show diVerence (Tables 4, 5). With the exception of
tumor location in DFS and OS, other variables also showed
no diVerence. Proximal colon cancer patients had a longer
DFS than distal CRC patients (P = 0.079); this trend was
maintained only in the wild-type K-ras group (P = 0.051)
(Fig. 2). Despite no statistical signiWcance, mutant K-ras
patients treated with FL showed a trend toward higher DFS
compared with patients with wild-type K-ras (P = 0.470),
and groups treated with FOLFOX appeared to be slightly
superior to those treated with FL in wild-type K-ras com-
pared to those in mutant K-ras group (P = 0.287) (Fig. 3).

Discussion

In this study, 22.7% (15/66) of CRC patients were positive
for K-ras mutation. In spite of no statistical correlation,

frequent K-ras mutation was found in the proximal colon of
43.8% (7/16) compared to the distal colon of 14.7% (5/34),
and rectum of 18.8% (3/16). K-ras status had no inXuence
on outcome with adjuvant FOLFOX therapy, as with meta-
static patients [18]. However, in the wild-type K-ras sub-
group, proximal colon cancer patients had a longer DFS
than distal CRC patients (P = 0.051). Also, despite no sta-
tistical signiWcance, FL treatment showed a trend toward
better DFS in mutant K-ras patients (P = 0.470), and FOL-
FOX treatment appeared to be slightly superior in wild-type
K-ras (P = 0.287).

Population-based studies have reported that 30–45% of
patients with CRC in Western countries have K-ras muta-
tion [16, 19, 20]. In contrast, Korean data showed a slightly
lower frequency, as with our results (22–29%) [21, 22]. It is
possible to explain that diVerent techniques were used for
detection of mutations, which means diVerent sensitivity
and speciWcity [23]. Also, as with an epidermal growth fac-
tor receptor mutation in non-small cell lung cancer, the
diVerence may be ethnic [24].

The prognostic role of K-ras status is controversial.
Anwar et al. showed that negative results were obtained
for a speciWc disease stage, whereas those with positive
results frequently included a mix of Dukes’ A-D tumors
[23]. In addition, the role of K-ras would be more com-
plex if K-ras status is combined with chemotherapeutic
agents. It is not known to correlate with K-ras status,
and oxaliplatin, even in vitro, as well as in vivo, unlike
K-ras status, inXuenced irinotecan sensitivity or 5-FU-
induced apoptosis [25, 26]. Further study is needed on
this subject.

K-ras status is generally known no correlation with
tumor location [16, 27, 28]. However, some researchers
have reported that frequency of K-ras mutation of the prox-
imal colon is higher than with distal and rectal cancer
[22, 29, 30]. Initially, the proximal colon and distal colon
have been developed from diVerent embryologic origins. In
addition, there is also diVerent expression of several anti-
gens, metabolism of glucose, polyamines, and butyric acid,
as well as in bile acid concentrations, and composition and
density of the bacterial populations [31]. Also, Calcagno
et al. suggested that K-ras mutation promoted early carci-
nogenesis in the mouse proximal colon, not the distal colon
[32]. These diVerences may inXuence the region-speciWc
eVects of K-ras mutation.

In the wild-type only K-ras group, our result showed
that proximal colon cancers have a better DFS trend than
distal CRCs (P = 0.051). One possible explanation is the
correlation between microsatellite instability (MSI) and
K-ras mutation [19, 33]. Patients with MSI tend to have
more poorly diVerentiated, mucin-producing tumors, which
are more often found in proximal tumors [33]. However,
they revealed longer overall survival than stage-matched

Fig. 1 DFS and OS by K-ras status
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patients with tumors exhibiting chromosomal instability
[34]. MSI status may need to be checked in order to con-
Wrm prognosis of proximal cancer in our study.

According to our results, FOLFOX therapy that included
platinum demonstrated a better DFS in wild-type K-ras
only. Although the molecular mechanism has not been fully
established, accumulated evidence has suggested that

activated ras may contribute to platinum resistance through
stimulation of DNA repair activity [35–37]. This Wnding
indicates that K-ras mutation would be associated with
eYcacy of oxaliplatin. However, due to the retrospective
nature of the analysis, the results should be cautiously inter-
preted and need to be validated in prospective studies with
large numbers of patients.

Table 3 Univariate analyses 
for DFS and OS in diVerent 
variables

Feature N = 66 3-year 
DFS (%)

P HR, (95% CI) 3-year 
OS (%)

P HR, (95% CI)

Age, years 0.160 0.938

<65 45 67.6 0.41 (0.12–1.42) 92.2 0.94 (0.17–5.14)

¸65 21 84.8 86.7

Gender 0.261 0.264

Male 39 68.6 0.55 (0.19–1.56) 88.2 0.02 (0-18.38)

100Female 27 79.5

Stage 0.872 0.441

II 16 75 0.91 (0.30–2.80) 92.9 0.43 (0.05–3.71)

III 50 72.1 89.8

N stage 0.448 0.178

N0-1 47 76.5 0.68 (0.25–1.84) 94.8 0.33 (0.07–1.65)

N2 19 74.7 78.8

Primary site 0.065 0.288

Proximal colon 16 93.8 0.52 (0.26–1.04) 100 0.50 (0.14–1.79)

Distal colon 34 68.9 86.1

Rectum 16 62.5 100

Pathology 0.064 0.710

Adenocarcinoma 63 75 0.25 (0.06–1.08) 92.1 0.05 (0–542,426)

Mucious 3 33.3 100

DiVerentiation 0.106 0.701

G1-2 62 76.2 0.29 (0.07–1.30) 92 0.05 (0–307,648)

G3-4 4 33.3 100

Adjuvant regimen 0.386 0.481

FL 20 65 0.65 (0.25–1.72) 100 0.52 (0.09–3.20)

FOLFOX4 46 80.4 88

K-ras 0.269 0.917

Wild 51 69.3 0.44 (0.10–1.91) 90.8 0.89 (0.10–7.78)

Mutant 15 86.7 100

Table 4 Cox regression analysis of the correlation between chemo-
therapeutic regimen and survival in diVerent K-ras gene status

DFS OS

HR

K-ras (¡) P = 0.293 P = 0.174

FL 1 1

FOLFOX 0.58 (0.21–1.60) 5.41 (0.48–61.67)

K-ras (+) P = 0.654 P = 0.582

FL 1 1

FOLFOX 28.82 (0–68, 809, 166) 0.006 (0–500,061.29)

Table 5 Cox regression analysis of the correlation between K-ras
gene status and survival in diVerent chemotherapeutic regimen

DFS OS

HR

FL P = 0.437 P = 0.788

K-ras (¡) 1 1

K-ras (+) 0.04 (0–155.30) 5,863.56 (0–)

FOLFOX P = 0.652 P = 0.495

K-ras (¡) 1 1

K-ras (+) 0.7 (0.15–3.30) 0.03 (0–614.53)
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To the best of our knowledge, this is the Wrst study to
correlate prognosis and K-ras in CRC patients treated with
an adjuvant FOLFOX regimen. This study has several limi-
tations. First, although more than 5 years of follow-up are

required for reliable evaluation of the potential survival
beneWt in adjuvant studies of colon cancer [13], this study
had a short-term follow-up duration of 3.5 years. Second,
although clinical outcomes, such as DFS or OS, were not
signiWcantly diVerent in patients with mutant K-ras com-
pared to those with wild-type K-ras, the statistical power is
too weak to generate any conclusion due to the small num-
ber of cases in this study. Finally, given that the heteroge-
neous group of patients was retrospectively analyzed,
caution should be exercised in drawing any Wrm conclu-
sions from the present study. Thus, further prospective
study with larger numbers of patients will be needed for
validation of the role of FOLFOX in mutant K-ras patients.

In conclusion, this study shows that K-ras status was not
associated with clinical outcome in patients treated with
adjuvant FOLFOX.
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