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clinicopathological characteristics of colorectal tumors

HILMI KODAZ', ITLHAN HACIBEKIROGLU', BULENT ERDOGAN', ESMA TURKMEN!,
HILMI TOZKIR?, DOGAN ALBAYRAK?>, SERNAZ UZUNOGLU' and IRFAN CICIN'

Departments of 'Medical Oncology, Medical Genetics and *Medical Surgery,
Faculty of Medicine, Trakya University, Edirne 22030, Turkey

Received August 29, 2014; Accepted October 10, 2014

DOI: 10.3892/mco0.2014.448

Abstract. The aim of this study was to investigate the
clinicopathological characteristics and distribution by tumor
localization of KRAS point mutations in metastatic colorectal
cancer. A total of 189 patients diagnosed with colorectal cancer
between 2007 and 2014, who were either metastatic at the
time of diagnosis or developed metastasis subsequently, were
included in this study. KRAS mutation analysis was performed
in the primary tumor tissues and KRAS mutations were identi-
fied in 47.6% of the patients. There was a high frequency of the
p-G13D point mutation in left-colon tumors (P=0.011), while
the p.G12D point mutation was more frequent in right-colon
tumors (P=0.004). KRAS wild-type frequency (P=0.02)
was higher among patients aged <40 years. A comparison of
codon 12 and 13 mutations revealed that codon 12 mutations
were more common in the >50-year-old group (P=0.03) and
codon 13 mutations were more common in the <70-year-old
group (P=0.04). KRAS wild-type tumors were localized in
the right colon (P=0.005) and tumors with the p.G13D point
mutation (P=0.018) were diagnosed at non-metastatic stages.
In conclusion, KRAS point mutations in colorectal cancer
exhibited a heterogeneous distribution in terms of tumor
localization. In addition, the p.G13D point mutation was found
to differ from other mutations in several aspects.

Introduction

The estimated cancer-related mortality rate in Europe for 2014
is >1.3 million, with 7-10% of the cases expected to be due
to colorectal cancer (1). The recent developments in colon
cancer treatment have increased the need for genetic markers.
The RAS oncogene controls numerous cellular functions,
including cellular proliferation, apoptosis, migration and

Correspondence to: Dr Hilmi Kodaz, Department of Medical
Oncology, Faculty of Medicine, Trakya University, Balkan
Yerleskesi, Edirne 22030, Turkey

E-mail: hilmikodaz@hotmail.com

Key words: specific KRAS mutation, colorectal cancer, tumor
location

differentiation (2). The prevalence of mutant RAS gene is 90%
in pancreatic cancer (3), 35% in lung cancer (4), 30-60% in
colon cancer (5,6) and 55% in thyroid cancer (4). RAS and
Kirsten RAS (KRAS) mutations are present in 30 and 21.6%
of all cancers, respectively (7). Recent studies reported that the
RAS oncogene may be of predictive and prognostic value (8).
KRAS mutation frequency in colon cancer differs by ethnicity
and geography (9-11). We analyzed our patients' data to define
the association of clinicopathological characteristics and
tumor localization with KRAS point mutations in metastatic
colorectal cancer.

Materials and methods

Patient characteristics. A total of 189 patients diagnosed
with colorectal cancer between 2007 and 2014, who were
either metastatic at the time of diagnosis (n=93) or developed
metastasis subsequently (n=96), were included in this study.
Demographic and clinical characteristics, including age,
gender, anatomical location of tumor, histology of the tumor,
lymphovascular invasion and number of the involved lymph
nodes, were obtained from patient records.

KRAS mutation analysis. DNA was isolated from the primary
tumor tissues of all the patients with the QIAamp® DNA FFPE
Tissue kit (Qiagen, Hilden, Germany). Therascreen® KRAS
Pyro kit (Qiagen) was used for KRAS analysis. The KRAS
point mutation status was analyzed with PyroMark Q24 soft-
ware system (Qiagen).

Statistical analysis. The association between non-parametric
variables was assessed with the Chi-square test. Parametric
variables were compared with the independent samples t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Patients. A total of 189 metastatic colorectal cancer patients
were included in this study. Of those patients, 122 (64.6%)
were male. The median age of the patients was 61 years
(27-81 years) and 93 patients (49.2%) were metastatic at the
time of diagnosis.
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Table I. Patient characteristics.
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KRAS status Mutant patients
Patients Wild-type Mutant Codon 12 Codon 13 Codon 61 Multiple

Characteristics No. % No. Y% No. Y% No. % No. % No. % No. %
All 189  100.0 99 524 90 476 66 733 18 200 5 5.6 1 1.1
Gender

Male 122 64.6 66 541 56 459 41 732 13 232 2 3.6 0 0.0

Female 67 354 33 493 34 507 25 735 5 147 3 8.8 1 30
Histological type

Invasive AC 153 81.0 83 542 70 458 49 700 16 229 4 5.7 1 14

Mucinous AC 34 18.0 15 441 19 559 16 842 2 105 1 53 0 0.0

Signet ring cell AC 2 1.0 1 50.0 1 50.0 1 100.0 0 0.0 0 0.0 0 0.0
Histological grade

I 37 19.6 17 459 20 541 17 850 1 5.0 2 10 0 0.0

11 137 72.5 74 540 63 460 44 698 15 238 3 4.8 1 1.6

11 15 79 8 533 7 46.7 5 714 2 286 0 0.0 0 0.0
Anatomical tumor site

Rectum 65 344 34 523 31 477 22 710 6 193 3 9.7 0 0.0

Rectosigmoid junction 12 6.3 8 66.7 4 333 4 1000 0 00 0 00 0 0.0

Sigmoid 49 26.0 28 571 21 429 10 476 8 38.1 2 95 1 4.8

Descending colon 26 13.8 10 38.5 16 615 12 750 4 25 0 0.0 0 0.0

Transverse colon 12 6.3 6 50.0 6 50.0 6 100.0 0 0.0 0 0.0 0 0.0

Ascending colon 17 9.0 9 529 8 47.1 8 100.0 0 00 0 00 0 0.0

Cecum 8 42 4 50.0 4 500 4 100.0 0 0.0 0 0.0 0 0.0
AJCC stage

| 1 0.5 0 0.0 1 100.0 0 0.0 1 100 0 0.0 0 0.0

1I 31 164 13 419 18  58.1 10 556 6 333 2 111 0 0.0

11T 64 339 36 562 28 438 21 750 7 25 0 0.0 0 0.0

v 93 492 50 538 43 462 35 814 4 93 3 7.0 1 23

AJCC, American Joint Committee on Cancer; AC, adenocarcinoma.

Mutation distribution. A total of 99 patients (52.4%) were
KRAS wild-type and 90 (47.6%) were KRAS mutant. Of the
122 male and 67 female patients, 56 (45.9%) and 34 (50.7%),
respectively, were KRAS mutant. The most common muta-
tion site was exon 2 (n=84, 93.3%), followed by exon 3 (n=5,
5.6%) and multiple mutations (n=1, 1.1%). Exon 2 mutations
were present in 54 of the male (96.4%) and 30 of the female
(88.2%) patients. Codon 12 mutations (n=66, 73.3%) were the
most common of exon 2 mutations, whereas codon 13 muta-
tions were less common (n=18, 20%) (Table I). The p.G12D
point mutation was the most common of codon 12 mutations
(42.4%), followed by p.G12V (34.8%). The p.G12R point muta-
tion was the least frequently observed in codon 12 (Table II).
Two (40%) of the male and 3 (60%) of the female patients had
exon 3 mutations.

According to the World Health Organization's histological
classification, 153 patients (81%) had invasive adenocarci-
noma, 34 (18%) (12) had mucinous adenocarcinoma and 2 (1%)
had signet ring cell adenocarcinoma. Among the invasive
adenocarcinoma patients, 83 (54.2%) were KRAS wild-type

and 70 (45.8%) were KRAS mutant. Fifteen (44.1%) patients
with mucinous adenocarcinoma were KRAS wild-type.
Among the KRAS mutant patients, exon 2 and 3 mutations
were present in 65 (92.9%) and 4 (5.7%), of invasive adenocar-
cinomas, respectively. Exon 2 and 3 mutations were present in
18 (94.7%) and 1 (5.3%), respectively, of patients with mucinous
adenocarcinoma. Of the invasive adenocarcinoma cases, 49
had codon 12 (70%) and 16 (22.9%) had codon 13 mutations,
while 16 patients (84.2%) with mucinous adenocarcinoma had
codon 12 and 2 (10.5%) had codon 13 mutations (Table I).

According to the criteria of the Union for International
Cancer Control (http://www.uicc.org/sites/main/files/private/
TNM_Classification_of_Malignant_Tumours_Website_15%20
MAy2011.pdf), there was grade I differentiation in 37 (19.6%),
grade II differentiation in 137 (72.5%) and grade III differentia-
tion in 15 (7.9%) patients. A total of 93 patients were metastatic
at the time of diagnosis (Table I).

Statistical analysis. There was no statistically significant
difference between KRAS mutant or wild-type patients in
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Table II. KRAS point mutation frequency.

Mutations No. Frequency in codon (%) Frequency in mutant tumors (%) Frequency in all tumors (%)
Codon 12 66 100.0 73.3 349
p.G12A 4 6.1 44 2.1
p.G12C 4 6.1 44 2.1
p.G12D 28 424 31.1 14.8
p.GI2R 1 1.5 1.1 0.5
p.G12S 6 9.1 6.7 3.1
p.G12V 23 34.8 25.6 12.1
Codon 13 18 100.0 200 9.5
p.G13D 18 100.0 20.0 9.5
p.G13R 0 00 00 00
Codon 61 5 100.0 5.6 2.6
61L 3 60.0 33 1.5
61H 1 200 1.1 0.5
61R 1 20.0 1.1 0.5
Multiple 1 1.5 1.1 0.5

terms of gender (P=0.31), lymphovascular invasion (P=0.30),
perineural invasion (P=0.40), tumor histology (P=0.28),
histological grade (P=0.62), presence of lymph node involve-
ment (P=0.53), being metastatic at time of diagnosis (P=0.50),
number of metastatic lymph nodes (median, 4; P=0.10) and
tumor diameter (median, 4.5 cm; P=0.10) (Table III).

When the patients were separated into age groups, out of
the 10 patients aged <40 years, 9 were KRAS wild-type and
1 was KRAS mutant. This difference was statistically signifi-
cant (P=0.02), but disappeared with increasing age (50 years,
P=0.057; and 70 years, P=0.08) (Table III).

The only difference observed when comparing exon 2
and 3 mutation patients was that those with exon 3 mutations
had less perineural invasion (P=0.04). Although all the exon 3
mutations were localized in the left colon, the difference did
not reach statistical significance, most likely due to the limited
number of patients (P=0.3) (data not shown).

The comparison of codon 12 and 13 mutations revealed
that codon 13 mutations were more frequent in patients at
non-metastatic stages (P=0.032) and those aged <70 years
(P=0.04), whereas codon 12 mutations were more frequent in
patients aged >50 years (P=0.03). Codon 12 and 13 patients
did not exhibit statistically significant differences in terms of
gender, perineural/lymphovascular involvement, histological
subtype, disease grade, presence of lymph node metastasis,
mean number of involved lymph nodes and median tumor
diameter (Table III).

When the tumor localizations were grouped as right and
left colon (splenic flexure), it was observed that the p.G12D
point mutation was more frequent in right-colon tumors
(P=0.004) and the p.G13D point mutation was more frequent
in left-colon tumors (P=0.011); (Table I1V); in addition, when
the localization groups were right, left and transverse colon
(hepatic flexure, splenic flexure), the p.G12D point mutation
was more frequent in right-colon tumors (P=0.001) and the
p.G13D point mutation was more frequent in left-colon tumors

(P=0.033) (data not shown). All 8 patients who were diagnosed
with ascending colon tumors had p.G12D point mutations
significantly more frequently compared to other localizations
(P=0.001) (Table V). When the patients were grouped based on
colon localization regarding embryogenesis development, no
association with KRAS status was detected (P=0.9). p.G12D
point mutations were higher in frequency in colon segments
developing from the midgut (P=0.001) and all the p.G13D
point mutations were localized in colon segments developing
from the hindgut (P=0.019) (data not shown).

Right- and left-colon tumors were not associated with the
presence or absence of metastasis at the time of diagnosis
(P=0.17). There was no association between localization in
the left or the right colon and the presence of metastasis at
the time of diagnosis among KRAS mutant patients (P=0.8).
KRAS wild-type tumors located in the right colon, compared
to KRAS wild-type tumors located in the left colon, were more
frequently diagnosed during non-metastatic stages (P=0.005)
(data not shown).

Discussion

KRAS mutations are significantly involved in the carci-
nogenesis of colorectal cancer. KRAS mutations play a
definitive role in the anti-epidermal growth factor receptor
(EGFR)-directed therapy of colorectal cancer (8,13). However,
tumors harboring KRAS mutations constitute a heterogeneous
group of colorectal cancers. KRAS mutation frequency has
been reported to be 31.9-56% by different studies (10,14-17).
The present study was performed to determine the association
of KRAS mutation status with demographic and clinicopatho-
logical characteristics and anatomical location of the tumor.
A Brazilian cohort study reported an association between
KRAS mutations and gender (16). However, ours and a number
of other studies found no association between KRAS muta-
tions and gender (P=0.31). KRAS mutations were reported to
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Table III. Comparison of clinicopathological characteristics of tumors according to KRAS mutation status and location.

KRAS status Codon 12 vs. codon 13
Wild-type,

Characteristics n (%) Mutant, n (%) P-value Codon 12, n (%) Codon 13, n (%) P-value

LV invasion 0.70
Yes 42 (74.0) 41 (77.0) 0.30 27 (63.0) 10 (71.0)

No 15 (26.0) 22 (23.0) 16 (27.0) 4.(29.0)

Perineural invasion 0.40 0.46
Yes 30 (55.0) 25 (46.0) 19 (53.0) 6 (46.0)

No 25 (450) 29 (54.0) 17 (47.0) 7 (54.0)

Histological type 0.28 0.21
Invasive 83 (84.0) 70 (79.0) 49 (75.0) 16 (88.0)

Mucinous 15 (15.0) 19 (21.0) 16 (25.0) 2(12.0)

Histological grade 0.62 0.06
I 17 (17.0) 20 (22.0) 17 (26.0) 1(6.0)
1T 74 (75.0) 63 (70.0) 44 (67.0) 15 (83.0)

I 8 (8.0) 7 (8.0) 5(7.0) 2(11.0)

Tumor localization 0.80 0.009

Right 19 (19.0) 18 (20.0) 18 (27.0) 0(0.0)

Left 80 (81.0) 72 (80.0) 48 (73.0) 18 (100.0)
Tumor localization 0.90 0.04
(colon)

Right 13 (13.0) 12 (13.0) 12 (18.0) 0(0.0)

Left 80 (81.0) 72 (80.0) 48 (73.0) 18 (100.0)

Transverse 6 (6.0) 6(7.0) 6(9.0) 0(0.0)

Gender 0.31 0.32
Female 33 (33.0) 34 (37.0) 25 (39.0) 5(28.0)

Male 66 (67.0) 56 (73.0) 41 (61.0) 13 (72.0)

Age (years)
<40 9(10.0) 1(1.0) 0.02 - -
>40 90 (90.0) 89 (99.0)

Age (years) 0.03
<50 19 (21.0) 9(10.0) 0.057 4(6.0) 4(22.0)
>50 80 (79.0) 81(90.0) 62 (94.0) 14 (78.0)

Age (years) 0.04
<70 81 (82.0) 64 (71.0) 0.08 43 (65.0) 16 (88.0)
>70 18 (18.0) 26 (29.0) 23 (35.0) 2(12.0)

Metastasis at diagnosis 0.032
Metastatic 51 (52.0) 43 (47.0) 0.50 35 (53.0) 4(22.0)
Non-metastatic 48 (48.0) 47 (53.0) 31 (47.0) 14 (78.0)

LN involvement 0.56
Yes 34 (58.0) 34 (59.0) 0.53 26 (59.0) 8(57.0)

No 25 (42.0) 24 (41.0) 18 (41.0) 6 (43.0)

Median no. of 0.30

involved LNs
>4 48 (81.0) 41 (70.0) 0.10 11 (25.0) 6 (43.0)
<4 11 (19.0) 17 (30.0) 33 (75.0) 8(57.0)

Median tumor 0.80

diameter (cm)
=45 28 (51.0) 37 (65.0) 0.10 27 (64.0) 9 (64.0)
<45 26 (49.0) 20 (35.0) 15 (36.0) 5(36.0)

LV, lymphovascular; LN, lymph node.
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Table I'V. Comparison of KRAS point mutations according to tumor location and metastatic status.

p-G12D p-G13D p.G12V Codon 61
All patients
Variables (n=90) No. (%) P-value No.(%) P-value No.(%) P-value No. (%) P-value
Location of tumor
Right colon 18 11 (61.0) 0.004 0(0.0) 0.011 42200 03 0(0.0) 03
Left colon 72 17 (23.0) 18 (25.0) 19 (26.0) 5(7.0)
Metastasis at diagnosis
Metastatic 43 14(320) 08 4(9.0) 0.018 12(280) 0.6 3(7.0) 0.6
Non-metastatic 47 14 (30.0) 14 (30.0) 11 (23.0) 2 (40)
Table V. Frequency of KRAS point mutations according to anatomical location of the tumor.
Rectosigmoid Descending ~ Transverse Ascending
Rectum junction Sigmoid colon colon colon Cecum
Mutations No. (%) No. *°(%) No. (%) No. * (%) No. (%) No. **(%) No. (%)
KRAS mutant 31 34.4/164 4 44/21 21 23.1/11.1 16 17.6/84 6 6.6/3.1 8 8842 4 4421
Codon 12 22 244/116 1 1.1/05 10 11.1/52 12 132/63 6 6.6/3.1 8 8842 0 0
p.GI2A 2 22/105 O 0/0 1 1.1/0.5 0 0 1 1.1/05 0 0 0 0
p.G12C 1 1.1/0.5 1 1105 0 0 1 1105 1 11/05 0 0 0 0
p.G12D 8 8942 0 0 3 3.3/1.6 6 6.6/3.1 1 1.1/05 8 8842 2 22/105
p.G12R 0 0 0 0 0 0 0 0/0 1 11/05 0 0 0 0
p-G12S 4 45121 0 0 0 0 2 22/105 O 0/0 0 0 0 0
p.G12V 7 78737 0 0 6 6.6/3.1 3 3316 2 22/105 0 0 2 22/1.05
Codon 13 6 6.6/3.1 3 33/16 8 8.8/4.2 4 45721 0 0 0 0 0 0
p.G13D 6  6.6/3.1 3 33/16 8 8.8/4.2 4 45721 0 0 0 0 0 0
p-G13R 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Codon 61 3 3316 0 0 2 22/105 0 0 0 0 0 0 0
Multiple 0 0 0 0 1 1.1/0.5 0 0 0 0 0 0 0 0

“Frequency in mutant tumors. "Frequency in all tumors.

be more frequent in right-colon tumors by Bleeker et al (17),
but in left-colon tumors by Zulhabri ef al (18). In this study,
similar to the prior studies (14), there was no significant
difference in KRAS mutation frequency according to tumor
localization (P=0.8). Zulhabri et al (18) reported an associa-
tion between the presence of KRAS mutations and tumor size;
by contrast, Minamoto et al (19) reported that there was no
association between the two. Our results were consistent with
those of Minamoto et al (18). Bazan et al (20) reported that
mutations were associated with mucinous histology and that
mutations were associated with lymph node metastasis and
advanced Dukes' stage. In our study, there was no significant
difference in histological subtype based on codon (P=0.21) and
exon mutations (P=0.9). By contrast, codon 13 mutations were
found at high frequency in non-metastatic stages (P=0.018).
Zahrani et al (14) reported that the p.G12V point mutation was
frequent in tumors of the sigmoid colon. However, the frequency
of the p.G12V point mutation in the sigmoid tumors was not
significantly higher in this study (P=0.1).

When the patients were grouped as aged under and
over 40, 50 and 70 years, KRAS wild-type frequency was
significantly higher among those aged <40 years (P=0.02),
but this significance disappeared as the cut-off age increased
(50 years, P=0.057; and 70 years, P=0.08). A comparison of
codon 12 and 13 mutations revealed that codon 12 mutations
were more common in patients aged >50 years (P=0.03)
and that codon 12 mutations were more common in those
aged <70 years (P=0.04). We did not identify any study in the
medical literature comparing KRAS mutation frequency by
age groups.

Yamauchi et al (21) reported that KRAS mutations were
more common in cecum tumors. In our study, cecum tumors
had equal numbers of KRAS wild- and mutant-types. The
RASCAL II study included clinical findings suggesting
that p.G12V point mutation had a more aggressive clinical
course (11). Lymph node metastasis and distant organ
metastases are indicators of tumor aggressiveness. Distant
organ (P=0.6) and lymph node metastases (P=0.9) were not
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significantly higher in patients harboring the p.G12V point
mutation; thus, p.G12V point mutation may not necessarily
reflect a more aggressive clinical course.

All codon 13 mutations were p.G13D point mutations.
Although p.G13D point mutations were more frequent in
grade II tumors, this high frequency was not statistically
significant (P=0.062). Brink et al (14) reported that the G>T
transversion was significantly higher among females with
rectal tumors, while we did not observe such a significant
difference (P=0.7). Similar to the findings of Brink et al (14),
the codon 13 mutation frequency was higher in tumors of the
distal colon (P=0.011).

An in vitro study by Guerrero et al (22) demonstrated that
tumors with codon 13 mutations tended to exhibit increased
apoptosis. Patients with p.G13D point mutations were diag-
nosed more commonly as non-metastatic (P=0.018) and
tumors with p.G13D point mutations appeared to have latent
metastasis due to apoptosis. The higher rates of apoptosis,
response to anti-EGFR treatment (22,23), left-colon localiza-
tion and diagnosis at non-metastatic stage distinguish p.G13D
from the remaining mutations investigated.

The main limitation of the present study was its retrospec-
tive nature. In addition, we only analyzed cases diagnosed at
our Oncology Center to uniform KRAS testing; therefore the
patient number was limited.

In conclusion, despite conflicting results between the
existing literature and the present study, certain KRAS muta-
tions were found to be associated with the clinicopathological
characteristics and anatomical location of the tumor. Our data
indicate that localization of KRAS mutations in a specific codon
or exon may not be coincidental. The definition of the colon
cancer subgroups according to KRAS mutational status may be
helpful in developing new preventive and treatment strategies.

References

1. Malvezzi M, Bertuccio P, Levi F, et al: European cancer mortality
predictions for the year 2014. Ann Oncol 25: 1650-1656, 2014.

2. Arrington AK, Heinrich EL, Lee W, er al: Prognostic and
predictive roles of KRAS mutation in colorectal cancer. Int J] Mol
Sci 13: 12153-12168, 2012.

3. Almoguera C, Shibata D, Forrester K, et al: Most human
carcinomas of the exocrine pancreas contain mutant c-K-ras
genes. Cell 53: 549-554, 1988.

4. Kranenburg O: The KRAS oncogene: past, present, and future.
Biochim Biophys Acta 1756: 81-82, 2005.

5. De Roock W, Piessevaux H, De Schutter J, et al: KRAS wild-type
state predicts survival and is associated to early radiological
response in metastatic colorectal cancer treated with cetuximab.
Ann Oncol 19: 508-515, 2008.

6. Vogelstein B, Fearon ER, Hamilton SR, er al: Genetic alterations
during colorectal-tumor development. N Engl J Med 319:
525-532, 1988.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

KODAZ et al: SPECIFIC KRAS MUTATIONS AND CHARACTERISTICS OF COLORECTAL CANCER

. Bamford S, Dawson E, Forbes S, et al: The COSMIC (Catalogue

of Somatic Mutations in Cancer) database and website. Br J
Cancer 91: 355-358, 2004.

. Piessevaux H, Buyse M, Schlichting M, et al: Use of early tumor

shrinkage to predict long-term outcome in metastatic colorectal
cancer treated with cetuximab. J Clin Oncol 31: 3764-3775,2013.

. Brink M, Weijenberg MP, de Goeij AF, et al: Dietary folate

intake and k-ras mutations in sporadic colon and rectal cancer in
The Netherlands Cohort Study. Int J Cancer 114: 824-830, 2005.
Neumann J, Zeindl-Eberhart E, Kirchner T and Jung A:
Frequency and type of KRAS mutations in routine diagnostic
analysis of metastatic colorectal cancer. Pathol Res Pract 205:
858-862,2009.

Andreyev HJ, Norman AR, Cunningham D, et al: Kirsten ras
mutations in patients with colorectal cancer: the ‘RASCAL II’
study. Br J Cancer 85: 692-696, 2001.

Hamilton SR, Vogelstein B, Kudo S, et al: Carcinoma of the
colon and rectum. In: World Health Organization classification
of tumours. Pathology and genetics. Tumors of the digestive
system. IARC Press, Lyon, pp103-119, 2000.

Karapetis CS, Khambata-Ford S, Jonker DJ, et al: K-ras
mutations and benefit from cetuximab in advanced colorectal
cancer. N Engl J Med 359: 1757-1765, 2008.

Brink M, de Goeij AF, Weijenberg MP, et al: K-ras oncogene
mutations in sporadic colorectal cancer in The Netherlands
Cohort Study. Carcinogenesis 24: 703-710, 2003.

Zahrani A, Kandil M, Badar T, et al: Clinico-pathological
study of K-ras mutations in colorectal tumors in Saudi Arabia.
Tumori 100: 75-79, 2014.

Gil Ferreira C, Aran V, Zalcberg-Renault I, er al: KRAS
mutations: variable incidences in a Brazilian cohort of 8,234
metastatic colorectal cancer patients. BMC Gastroenterol 14: 73,
2014.

Bleeker WA, Hayes VM, Karrenbeld A, et al: Impact of KRAS
and TP53 mutations on survival in patients with left- and
right-sided Dukes' C colon cancer. Am J Gastroenterol 95:
2953-2957,2000.

Zulhabri O, Rahman J, Ismail S, et al: Predominance of G to
A codon 12 mutation K-ras gene in Dukes' B colorectal cancer.
Singapore Med J 53: 26-31, 2012.

Minamoto T, Sawaguchi K, Mai M, et al: Infrequent K-ras
activation in superficial-type (flat) colorectal adenomas and
adenocarcinomas. Cancer Res 54: 2841-2844, 1994.

Bazan V, Migliavacca M, Zanna I, et al: DNA ploidy and S-phase
fraction, but not p53 or NM23-H1 expression, predict outcome in
colorectal cancer patients. Result of a 5-year prospective study.
J Cancer Res Clin Oncol 128: 650-658, 2002.

Yamauchi M, Morikawa T, Kuchiba A, et al: Assessment of
colorectal cancer molecular features along bowel subsites chal-
lenges the conception of distinct dichotomy of proximal versus
distal colorectum. Gut 61: 847-854, 2012.

Guerrero S, Casanova I, Farre L, et al: K-ras codon 12 mutation
induces higher level of resistance to apoptosis and predisposition
to anchorage-independent growth than codon 13 mutation or
proto-oncogene overexpression. Cancer Res 60: 6750-6756, 2000.
De Roock W, Jonker DJ, Di Nicolantonio F, et al: Association
of KRAS p.G13D mutation with outcome in patients with
chemotherapy-refractory metastatic colorectal cancer treated
with cetuximab. Jama 304: 1812-1820, 2010.



