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In the era of personalized cancer medicine, identifying mutations within patient tumors plays an important role in defining high-
risk stage Il colon cancer patients. The prognostic role of BRAF V600E mutation, microsatellite instability (MSI) status, KRAS mutation
and PIKBCA mutation in stage Il colon cancer patients is not settled. We retrospectively analyzed 186 patients with staye Il colon
cancer who underwent an oncoloyical resection but were not treated with adjuvant chemotherapy. KRAS mutations, PIK3CA
mutation, V60OE BRAF mutation and MSI status were determined. Survival analyses were performed. Mutations were found in
the patients with each mutation in the following percentages: 23% (MSI), 35% (KRAS). 19% (BRAF) and 11% (PIK3CA). A trend
toward worse overall survival (OS) was seen in patients with an MSI (5-year OS 74% versus 82%, adjusted hazard ratio (HR) 1.8, 95%
confidence interval (Cl) 0.6-4.9) and a KRAS-mutated tumor (5-year OS 77% versus 82%, adjusted HR 1.7, 95% CI 0.8-3.5). MSI
and BRAF-mutated tumors fended to correlate with poorer disease-free survival (DFS) (5-year DFS 60% versus 78%, adjusted HR
1.6, 95% CI1 0.5-2.1 and 5-year DFS 57% versus 77%, adjusted HR 1.1, 95% CI 0.4-2.6 respectively). In stage Il colon cancer patients
not treated with adjuvant chemotherapy, BRAF mutation and MSI status both tended to have a neyative prognostic effect on
disease-free survival. KRAS and MSI status also tended to be correlated with worse overall survival.
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INTRODUCTION

Despite advances in diagnosis and
treatment, a significant proportion of
colon cancer patients who undergo resec-
tion with curative intent develop disease
recurrence. About 15% to 30% of the
patients with stage II (Dukes B) disease
develop recurrent locoregional disease
or distant metastases within 5 years and
their overall 5-year survival is around
70% to 80% (1).

In the era of personalized cancer
medicine, identifying mutations within

patient tumors might play an important
role in defining high-risk colon cancer
patients (2,3). The role of the BRAF mu-
tation in colon cancer is one of recent
interest. BRAF is a downstream effector
molecule of KRAS. One particular mis-
sense mutation in BRAF, BRAF V600,
accounts for up to 90% of all mutations
in human cancers (4,5). Several studies
investigated and confirmed the potential
adverse prognostic impact of BRAF mu-
tations, but patient categories included
in these studies were very heterogeneous
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(6-9). As a predictive marker, the BRAF
status has been studied in metastatic
colorectal cancer, where the presence of
the BRAF mutation was correlated with
a lower response rate to cetuximab plus
chemotherapy (10,11).

A probably more well known bio-
marker is microsatellite instability (MSI),
which appears in tumors with deficient
mismatch repair (MMR). It is the hall-
mark of Lynch syndrome, although
it is not solely restricted to hereditary
colorectal cancer. Although studies have
been equivocal concerning proposed
survival benefit, some found that MSI
is associated with better prognosis (12).
Recent data support a prognostic role for
combined MSI/BRAF testing in colorec-
tal cancer (13,14).

Another potentially promising bio-
marker is PIK3CA. Mutations in this gene
have been identified in colorectal cancer
(CRC), with most mutations localized in
exons 9 and 20 (15). Among patients who



undergo a curative resection for stage I
through stage III colon cancer, PIK3CA
mutation is associated with shorter
cancer-specific survival, but the adverse
effect of PIK3CA mutation may be po-
tentially limited to patients with KRAS
wt tumors (16). KRAS mutations at the
codons 12 and 13 are the most frequent
alterations in colon cancer, representing
more than 90% of all mutations (17).

To evaluate the prognostic role of
above-mentioned mutations in stage II
colon cancer, we aimed to determine the
status of the BRAF V600E mutation, MSI
status, KRAS mutation and PIK3CA mu-
tation in a well-defined group of stage II
colon cancer patients who underwent
resection but were not treated with ad-
juvant chemotherapy. The association of
the mutations with disease-free survival
and overall survival was assessed.

MATERIALS AND METHODS

Patients

Patients with stage II (T3NO or T4NO0)
colon cancer, diagnosed and surgically
treated in one hospital in the southern
part of The Netherlands between 2002
and 2008, were included in this study.
Patients who received adjuvant chemo-
therapy were not included.

A tumor was considered right-sided
when it was located between the cecum
and the splenic flexure (C18.0-18.5). The
remaining tumors were considered left
sided (C18.6-18.9). Demographic and
clinical data on the patients were ob-
tained from the medical records of the
patients and combined with data from
the Netherlands Cancer Registry (NCR)
that collects data on all newly diagnosed
cancer patients in the Netherlands. Co-
morbidities are registered according to a
slightly modified version of the Charlson
Comorbidity index (18,19).

Patients with insufficient or missing
tumor tissue were excluded from anal-
yses. From all patients with sufficient
available formalin-fixated paraffin-
embedded tumor tissues, DNA was
isolated. For this purpose, a tumor
area with at least 30% tumor cells from

glass slide according to hematoxylin
and eosin (H&E)-stained sections was
selected by an experienced pathologist.
Subsequently, the selected areas were
macrodissected from archival paraffin-
embedded tissue after deparaffiniza-
tion. Subsequently, after proteinase

K digestion (1.0 mg/mL TE; overnight
56°C) DNA was extracted using Nucli-
SENS easyMAG (bioMérieux) following
manufacturer’s instructions. DNA con-
centration was measured (BioSpec-nano)
and diluted to 10 ng/pL for subsequent
analyses.

KRAS Analysis

Mutations in exon 2 (codons 12 and 13)
and exon 3 (codon 61) of the KRAS gene
were detected by PCR high resolution
melting (HRM) followed by direct se-
quencing. Briefly, HRM was performed
as described previously (20) using
LightScanner Mastermix (Bioke) and
LightCycler480 (LC480) Thermal cycler
(Roche Diagnostics). Positive and equiv-
ocal samples in HRM were subjected to
Sanger sequencing of the PCR products.
Briefly, after the PCR-clean up reaction
(Exo-SAP-IT) and purification of the
PCR product (MinElute PCR Purifica-
tion Kit, Qiagen), the sequence reaction
was performed using the same primers
independently and the Big Dye reagents
(Applied Biosystems). Products were sep-
arated on the ABI3100 (Applied Biosys-
tems). The sequences were evaluated with
the Sequencing Analysis 5.3.1 software.

BRAF Analysis

The V600 mutation on the BRAF gene
was detected by means of a newly de-
veloped real-time PCR modified from
our previously described V600E assay (4)
using the following primers and
probes, forward 5" CTA CTG TTT TCC
TTT ACT TAC TAC ACC TCA GA 3
and reverse 5" ATC CAG ACA ACT
GTT CAA ACT GAT G 3, wt probe
VIC-5' CTA GCT ACA GTG AAATC 3’
and mutant V600E probe FAM-5' TAG
CTA CAG AGA AAT C 3'. In addition,
VIC-labeled MGB probes to detect V600R
(VIC-5' TAG CTA CAA GGA AATC 3))
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and V600K (VIC-5 TAG CTA CAA AGA
AAT C 3’) were included, which also de-
tects the V600D mutation. Furthermore, a
BRAF-wildtype (wt) locked nucleic acid
(LNA) oligonucleotide was used, which
supposedly blocks amplification of the
wt allele during PCR so that mutant
DNA can be efficiently amplified. A PCR
product of 136 bp was obtained. The
assay showed to have a detection limit of
at least 1% to 5% tumor cells in a given
specimen. All PCRs were carried out in

a volume of 10 pL using an ABI7500 Fast
real-time cycler (Applied Biosystems).

PIK3CA Analysis

PIK3CA mutations were determined
by PCR followed by single nucleotide
primer extension assay, as described
previously (24) for the hotspots in exon 9,
c.1624G>A (p.E542K), c.1634A>G
(p.E545G) and ¢.1633G>A (p.E545K) and
in exon 20 the c.3140A>G (p.H1047R).
Briefly, both exons were amplified by
multiplex PCR. After enzymatic purifica-
tion of the PCR products with EXO SAP
IT, the extension reaction was performed
using primers published elsewhere (24)
and the SNaPshot ready multiplex kit
(Applied Biosystems). Finally, these
products were purified and separated by
capillary electrophoresis using an ABI
3100 (Applied Biosystems).

MSI Analysis

Microsatellite instability was detected
using only one marker of the Bethesda
panel, that is, the mononucleotide repeat
BAT26, also as previously described (4).
This marker was chosen because in the
Caucasian race, it detects 99% of the
MSI high patients and normal DNA is
not necessary (21,22). Briefly, PCR was
performed using the following primers,
forward VIC-5'TGA CTA CTT TTG ACT
TCA GCC 3" and reverse 5’ACC CAT
TCA ACA TTT TTA ACC C 3'. Subse-
quently, PCR products were diluted de-
pending on their intensity and denatured
using formamide and incubated at 95°C
for 3 min. Products size were analyzed
using the ABI3100 (Applied Biosystems)
and GeneMapper 4.0 software package.
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Statistics

Differences in demographic and clinical
characteristics between patients with var-
ious mutations were analyzed using chi-
square tests or Fisher exact tests where
appropriate. Crude 5-year overall and dis-
ease-free survival were visualized using
Kaplan-Meier curves and tested with the
Log-Rank test. Overall survival time was
defined as the time from primary colon
cancer surgery to death or last follow-up
date for patients who were still alive. Dis-
ease-free survival time was defined as the
time from primary colon cancer surgery
to recurrence or death or last follow-up
date for patients without recurrence or
death. Multivariable Cox regression anal-
yses were used to discriminate indepen-
dent risk factors for death or recurrence
and death for the total study population.
Besides microsatellite status, KRAS, BRAF
and PIK3CA models were adjusted for the
variables gender, age, comorbidity, sur-
gery, subsite of the tumor, differentiation
grade, number of lymph nodes evaluated,
tumor obstruction, tumor perforation and
lymphangioinvasion. All variables were
included in the models at once.

In the period from January to May
2014, data on diagnosis of recurrences
were retrospectively collected from the
medical records. Date of death is, in ad-
dition to passive follow-up via the hos-
pitals, retrieved through linkage with the
Municipal Personal Records Database
(GBA). This database contains all death
or emigrated persons in the Netherlands
since October 1994. Date of death was
completed until December 31, 2013.

P values below 0.05 were considered
statistically significant. SPSS for Win-
dows (version 16.0) and SAS/STAT
statistical software (SAS system 9.3) were
used for all analyses.

RESULTS

The total study population consisted of
211 patients. Twenty-five patients (12%)
were excluded owing to insufficient tumor
tissue (n = 7) and missing tumor tissue in
our archive (n = 18). Patient and clinico-
pathological characteristics of the study
population are shown in Table 1. Of these

211 patients, 43 (23%) had an MSI tumor.
KRAS, BRAF and PIK3CA mutations were
found in 35%, 19% and 11% of the pa-
tients, respectively.

The relationship between various
demographic and clinicopathological
features and mutational status can be
found in Table 2. MSI tumors were sig-
nificantly associated with female sex
(p = 0.04), right-sided location of the tumor
(p <0.0001) and poorly differentiated or
undifferentiated tumors (p < 0.0001). Fur-
thermore, patients with an MSI tumor less
often had a KRAS mutation (p = 0.001), but
more often a BRAF mutation (p < 0.0001).
KRAS and BRAF mutations were mutually
exclusive.

BRAF mutations were associated with
female sex (p = 0.03), comorbidity
(p = 0.036), right-sided location of the
tumor (p < 0.0001) and poorly differenti-
ated or undifferentiated tumors (p = 0.002).

PIK3CA mutation was associated with
female sex (p = 0.016).

Survival

For the total study population, 5-year
overall survival was 80% and 5-year
disease-free survival was 74%. In both
univariable and multivariable analyses,
higher age, more comorbidities, poorly
differentiated or undifferentiated tu-
mors and lymphangioinvasion were
significantly associated with poorer
overall and disease-free survival
(Tables 3,4). Although not significant,
a trend toward worse overall survival
was seen in patients with an MSI tumor
(5-year overall survival rate of 74%
compared with 82% for patients with
an MSS tumor, Figure 1A), a BRAF-
mutated tumor (5-year overall survival
rate of 76% compared with 81% for
patients with a BRAF wt tumor, Figure 1E)
and a KRAS-mutated tumor (5-year
overall survival rate of 77% versus 82%
for KRAS wt tumors, Figure 1C). As
60% of all patients with an MSI tumor
were alive and without recurrence at
5 years versus 78% of patients with an
MSS tumor (Figure 1B), MSI correlated
with poorer disease-free survival.
BRAF-mutated tumors also correlated
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Table 1. Demoyraphic and clinicopatho-
logical characteristics of stage Il colon
cancer patients who underwent resection
(n =186).

N (%)

Gender

Male 99 (53)

Female 87 (47)
Aye

<65 52 (28)

>66-75 62 (33)

>76 72 (39)
Comorbidity

0 57 (31

1 50 (27)

>2 67 (36)

Unknown 12 (6)
Suryery

Elective 166 (89)

Acute 20(11)
Subsite

Left-sided colon 85 (46)

Right-sided colon 101 (54)
Patholoygical T stage

3 185 (99)

4 1D
Differentiation grade

Well/moderate 114 (61)

Poor/undifferentiated 39 (21

Unknown 33 (18)
Lymph nodes evaluated

<10 130 (70)

>10 56 (30)
Tumor obstruction

No 164 (88)

Yes 22 (12)
Tumor perforation

No 179 (96)

Yes 74
Lymphangioinvasion

No 180 (97)

Yes 63
Microsatellite status

MSS 143 (77)

MSI 43 (23)
KRAS

Wild type 121 (65)

Mutant 65 (35)
BRAF

Wild type 151 (81)

Mutant 35 (19)
PIK3CA

Wild type 165 (89)

Mutant 211
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Table 2. Relationship between various demographic and clinicopathological characteristics and mutational status (n = 186).

MSS MSI KRAS wt® KRAS mut® BRAF wt BRAF mut PIK3CA wt PIK3CA mut
(n=143), (n=43), (n=121), (n=65), (n=151), (n=35), (n=165), (n=20,
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Gender
Male 82 (57.3) 17 (39.5)° 70 (57.9) 29 (44.6) 86 (57.0) 13 (37.1)° 93 (56.4) 6 (28.6)°
Female 61 42.7) 26 (60.5) 51 (42.1) 36 (65.4) 65 (43.0) 22 (62.9) 72 (43.6) 15(71.4)
Age
<65 46 (32.2) 6(14.0) 34 (28.1) 18 (27.7) 48 (31.8) 4(11.4) 43 (26.0) 9 (42.9)
>66-75 46 (32.2) 16 (37.2) 42 (34.7) 20 (30.8) 48 (31.8) 14 (40.0) 59 (35.8) 3(14.2)
>76 51 (35.6) 21 (48.8) 45 (37.2) 27 (41.5) 55 (36.4) 17 (48.6) 63 (38.2) 9 (42.9)
Comorbidity
0 46 (32.2) 11 (25.6) 40 (33.1) 17 (26.2) 50 (33.1) 7 (20.0° 49 (29.7) 8(38.1)
1 39 (27.3) 11 (25.6) 28 (23.1) 22 (33.8) 43 (28.5) 7 (20.0) 45 (27.3) 5(23.8)
>2 48 (33.5) 19 (44.2) 46 (38.0) 21 (32.3) 47 (31.1) 20 (57.1) 62 (37.6) 5(23.8)
Unknown 10 (7.0) 2 (4.6) 7 (56.8) 507.7) 11 (7.3) 129 9.4 3(14.3)
Suryery
Elective 126 (88.1) 40 (93.0) 112 (92.6) 54 (83.1)* 134 (88.7) 32 (91.4) 149 (90.3) 17 (81.0)
Acute 17 (11.9) 3(7.0) 9 (7.4) 11 (16.9 17 (11.3) 3(8.6) 16 (9.7) 4 (19.0)
Subsite
Left-sided colon 81 (566.6) 4(9.3)° 54 (44.6) 3147.7) 81 (63.6) 4(11.4)¢ 77 (46.7) 8(38.1)
Right-sided colon 62 (43.4) 39 (90.7) 67 (55.4) 34 (52.3) 70 (46.4) 31 (88.6) 88 (563.3) 13 (61.9)
Patholoygical T stage
3 142 (99.3) 43 (100.0) 120 (99.2) 65 (100.0) 151 (100.0) 34 (97.1) 164 (99.4) 21 (100.0)
4 10.7) 0(0.0) 1(0.8) 0.0 0(0.0) 129 1(0.6) 0(0.0)
Differentiation grade
Well/moderate 98 (68.5) 16 (37.2)° 72 (59.5) 42 (64.6) 100 (66.2) 14 (40.0)° 102 (61.8) 12 (57.1)
Poor/undifferentiated 20 (14.0) 19 (44.2) 29 (24.0) 10 (15.4) 24 (15.9) 15 (42.9) 35(21.2) 4(19.1)
Unknown 25 (17.5) 8 (18.6) 20 (16.5) 13 (20.0) 27 (17.9) 6Q7.1) 28 (17.0) 5(23.8)
Lymph nodes evaluated
<10 41 (28.7) 15 (34.9) 38 (31.4) 18 (27.7) 47 (31.1) 9(25.7) 48 (29.1) 8(38.1)
>10 102 (71.3) 28 (65.1) 83 (68.6) 47 (72.3) 104 (68.9) 26 (74.3) 117 (70.9) 13 (61.9)
Tumor obstruction
No 125 (87.4) 39 (90.7) 108 (89.3) 56 (86.2) 133 (88.1) 31 (88.6) 147 (89.1) 17 (81.0)
Yes 18 (12.6) 4(9.3) 13 (10.7) 9(13.8) 18 (11.9) 4(11.4) 18 (10.9) 4 (19.0)
Tumor perforation
No 139 (97.2) 40 (93.0) 115 (95.0) 64 (98.5) 147 (97.4) 32 (91.4) 159 (96.4) 20 (95.2)
Yes 4(2.8) 3 (7.0) 6 (5.0) 1(1.5) 4(2.6) 3(8.6) 6 (3.6) 1(4.8)
Lymphangyioinvasion
No 138 (96.5) 42 (97.7) 118 (97.5) 62 (95.4) 147 (97.4) 33 (94.3) 159 (96.4) 21 (100.0)
Yes 5@.5) 1(2.3) 3(2.5) 3(4.6) 4(2.6) 2(5.7) 6(3.6) 0(0.0)
Microsatellite status
MSS N/A® N/A 84 (69.4) 59 (90.8)° 134 (88.7) 9 (25.7)° 129 (78.2) 14 (66.7)
MSI 37 (30.6) 60.2) 17 (11.3) 26 (74.3) 36 (21.8) 7 (33.3)
KRAS
Wild type 84 (58.7) 37 (86.0)° N/A N/A 86 (57.0) 35 (100)¢ 108 (65.5) 13 (61.9)
Mutant 59 (41.3) 6 (14.0) 65 (43.0) 0O 57 (34.5) 8(38.1)
BRAF
Wild type 134 (93.7) 17 (39.5)° 86 (71.2) 65 (100)¢ N/A N/A 133 (80.6) 18 (85.7)
Mutant 9(6.3) 26 (60.5) 35 (28.9) (0R(0)) 32 (19.4) 3(14.3)
PIK3CA
Wild type 129 (90.2) 36 (83.7) 108 (89.3) 57 (87.7) 133 (88.1) 32 (91.4) N/A N/A
Mutant 14 (9.8) 7 (16.3) 13 (10.7) 8(12.3) 18 (11.9) 3(8.6)
“wt = wild type.
Pmut = mutated.
°p <0.05.
90 < 0.0001.

°N/A = not applicable.
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Table 3. Crude 5-year overall survival and hazard ratios for death for the total study

population (n = 186)°

Crude 5-year

survival (%)

Hazard ratio (95% ClI)

Gender
Male
Female
Aye
<65
>66-75
>76
Comorbidity
0
1
>2
Surgery
Elective
Acute
Subsite
Left-sided colon
Right-sided colon
Differentiation grade
Well/moderate
Poor/undifferentiated
Lymph nodes evaluated
<10
>10
Tumor obstruction
No
Yes
Tumor perforation
No
Yes
Lymphanyioinvasion
No
Yes
Microsatellite status
MSS
MSI
KRAS
Wild type
Mutant
BRAF
Wild type
Mutant
PIK3CA
Wild type
Mutant

77 1.0 (reference)

84 2.5(1.2-5.2)
1.1(1.1-1.2)

98°

87

61

Q6P 1.0 (reference)

74 3.4 (1.0-10.9)

69 4.9 (1.6-15.6)

82 1.0 (reference)

Ad 1.5(0.2-14.4)

78 1.0 (0.5-2.2)

82 1.0 (reference)

86° 1.0 (reference)

71 3.9 (1.6-9.3)

80 1.4 (0.6-3.0)

81 1.0 (reference)

82 1.0 (reference)

A 2.1(0.2-18.4)

82 1.0 (reference)

A 3.4 (0.8-14.4)

81¢ 1.0 (reference)

A 4.8 (1.2-18.7)

82 1.0 (reference)

74 1.8 (0.6-4.9)

82 1.0 (reference)

77 1.7 (0.8-3.5)

81 1.0 (reference)

76 0.7 (0.2-2.0)

80 1.0 (reference)

A 0.5(0.1-1.8)

“Adjusted for all variables listed. Included in the analysis but results not shown for
comorbidity unknown and differentiation grade unknown.

®5 < 0.0001.
°p <0.05.
9x, Number of patients left <10.

with poorer disease-free survival with
a 5-year disease-free survival of 57%
versus 77% for BRAF wt (Figure 1F).

However, the associations between MSI
and disease-free survival and between
BRAF and disease-free survival were
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no longer significant in multivariable
analysis (Tables 3,4). Not enough
patients with PIK3CA mutations were
left at the end of follow-up to assess
survival for this mutation.

DISCUSSION

In our study, we assessed the prognos-
tic value of the BRAF mutation, KRAS
mutation, PIK3CA mutation and the MSI
status with regard to overall and disease-
free survival in a well-defined stage II
colon cancer cohort of patients who
underwent resection but were not treated
with adjuvant chemotherapy. BRAF
mutation and MSI status both tended to
have a negative prognostic effect on dis-
ease-free survival. KRAS, BRAF and MSI
status also tended to be correlated with
worse overall survival.

MSI

MSI positivity was found in 23% of
the patients, which is comparable with
other subgroup analyses of recent stud-
ies reporting 15% to 25% MSI (6,8,23,24).
Consistent with prior studies (25), MSI
status was inversely correlated with the
presence of the KRAS mutation. The
most remarkable finding in our study is
the trend toward a negative prognostic
effect of an MSI mutation on disease-free
survival and overall survival. Although
not all studies have verified the asso-
ciation of MSI mutation and improved
overall survival, MSI mutation is gen-
erally associated with improved overall
and disease-free survival (26,27). On
the other hand, as in our study, MSI is
associated with poorly differentiated
histology, which is a known adverse
prognostic factor (27). This gives rise to a
paradoxical situation.

Current treatment protocols recom-
mend adjuvant treatment only to stage II
patients with high-risk pathological
features (for example, T4 stage, bowel
perforation or clinical bowel obstruc-
tion, inadequate lymph node sampling,
[lymph] angioinvasion and poorly dif-
ferentiated histology). Exceptions are
made for MSI-positive colon cancer;
the most recent Dutch guideline does



Table 4. Crude 5-year disease-free survival and hazard ratios® for recurrence or death for
the total study population (n = 186)

Crude 5-year Hazard ratio for
disease-free survival (%) recurrence/death (95% CI)

Gender

Male 70 1.0 (reference)

Female 78 2.1(1.1-4.0)
Aye 1.1.(0.0-1.1D)

<65 90°

>66-75 75

>76 60
Comorbidity

0 89° 1.0 (reference)

1 64 3.3(1.3-8.1)

>2 64 3.3 (1.4-7.9)
Surgery

Elective 75 1.0 (reference)

Acute N 1.7 (0.2-14.5)
Subsite

Left-sided colon 70 1.2 (0.6-2.3)

Right-sided colon 76 1.0 (reference)
Differentiation grade

Well/moderate 82¢ 1.0 (reference)

Poor/undifferentiated 52 3.7 (1.8-7.4)
Lymph nodes evaluated

<10 72 1.1 (0.6-2.2)

>10 76 1.0 (reference)
Tumor obstruction

No 75 1.0 (reference)

Yes 62 1.5 (0.2-12.6)
Tumor perforation

No 75 1.0 (reference)

Yes A 1.8 (0.5-6.6)
Lymphangioinvasion

No 75° 1.0 (reference)

Yes A 6.8 (2.1-21.8)
Microsatellite status

MSS 78°¢ 1.0 (reference)

MSI 60 1.6 (0.7-3.9)
KRAS

Wild type 73 1.0 (reference)

Mutant 75 1.1 (0.5-2.1)
BRAF

Wild type 77¢ 1.0 (reference)

Mutant 57 1.1 (0.4-2.6)
PIK3CA

Wild type 72 1.0 (reference)

Mutant A 0.5(0.1-1.7)

“Adjusted for all variables listed. Included in the analysis but results not shown for
comorbidity unknown and differentiation grade unknown.

bp <0.0001.

°p <0.05.

9A, Number of patients left < 10.

not recommend adjuvant chemother- stage II patients who did not receive
apy in high-risk stage II patients with chemotherapy, probably a more favor-
an MSI tumor. Since we only included able group of MSS-tumor patients is
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analyzed and compared with MSI in
our study. Therefore, MSI status might
have contributed to relatively poorer
survival in our study population. For
the MSI determination, we choose the
mononucleotide repeat BAT 26 be-
cause it discriminates 99% of MSI in
the Caucasian population without the
requirement of amplified normal DNA,
as described previously (21). The use of
only one marker could have diminished
the sensitivity of our analysis but not
the specificity (21,22).

BRAF

The presence of the BRAF mutation
varies more widely between recent
studies (6% to 21%), and was 19%
in our cohort (6,8,23,24). A recent
meta-analysis found that the risk of
mortality in colorectal cancer patients
harboring the BRAF-V600E mutation
is more than two times higher than
those with wt BRAF (28). Although less
strongly, our results show a trend to-
ward the BRAF mutation having a neg-
ative prognostic effect on disease-free
and overall survival compared with
BRAF wt tumors.

KRAS

KRAS mutations (codons 12, 13 and 61)
were found in 35% of the patients in
our study, consistent with other re-
ports (6,8,24). We found a trend toward
worse overall survival for KRAS-mutated
tumors as compared with KRAS wt
tumors. In the prognostic setting, there
are conflicts about the role of the KRAS
mutational status (6,8,29). A recent large
study of more than 1,000 colorectal can-
cers (stages I through IV) has shown
that KRAS codon 12 mutation is associ-
ated with worse prognosis in BRAF wt
colorectal cancers. However, the study
is limited by the lack of information on
cancer treatment (30).

PIK3CA

The frequency of PIK3CA mutation
seems to be dependent on the technique
used to evaluate the mutation (31).
We found a PIK3CA mutation in 11%
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Figure 1. Overall and disease-free survival according to mutational status of (A-B) microsatellite instability, (C-D) KRAS and (E-F) BRAF (n = 186).

of our patients, which is comparable
with the literature (10% to 20%) (31).
PIK3CA-mutated colorectal tumors have
been associated with more proximal
location and with a KRAS mutation
(31,32). In our study, more than 60% of
the PIK3CA-mutated tumors were lo-
cated in the proximal colon. We found
no correlation with KRAS mutation. In
line with the literature, we did not find a
correlation with MSI and BRAF (31,32).
PIK3CA mutations are more commonly
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found in exon 9 compared with exon
20 (31). Indeed, 13 of 21 mutations were
found in exon 9 in our study. In an ear-
lier report, only a mutation in exon 20
was suggested to be responsible for a

worse chance of survival (33). Because of

the small numbers, survival analysis of

PIK3CA subgroups in our study was not

feasible.

A recent prospective study showed
that the total number of lymph nodes
harvested is highest for colon cancers
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with MSI (34). In this study, the nodal
harvest is associated with MSI influenced
by BRAF and KRAS genotypes. How-
ever, we did not find an association with
the number of lymph nodes and the mu-
tational status.

As described above, the relationship
between the mutational status and vari-
ous demographic and clinicopathological
variables is comparable with the litera-
ture. However, our study population is
not completely comparable with those



from other studies. Most other reports
about the prognostic value of molecular
markers in colorectal cancer included
more heterogeneous groups of colorectal
cancer patients, with patients in differ-
ent stages (6,8,23,24). Different studies
also evaluated the prognostic value of
MSI status, KRAS mutational status and
BRAF mutational status in stage II colon
cancer patients, but in most of them
chemotherapy was given to (a partial
cohort) of the patients or information
regarding adjuvant therapy was lacking
(6,8,23,24,30).

A new way of substaging within
stage II colon cancer was suggested by a
recent report that defined molecular sub-
types by genomic instability. For stage II
patients, the numerical difference in
chromosomal aberrations between recur-
rence and no recurrence was statistically
significant. Further studies with larger
patient samples have to confirm these
results (35).

Cancer care is becoming increasingly
dependent on tumor markers to diag-
nose, anticipate prognosis and select
optimal therapy for patients. Although
biomarker discovery is thriving, incor-
poration of biomarkers in clinical prac-
tice lags behind. It is imperative that the
field of oncology works with a common
language and clear standards of evi-
dence so that the merits of established
and emerging biomarkers can be com-
municated in a clear and unambiguous
manner, thereby ensuring that clinicians
take full advantage of the current ge-
nomic era (36). Another future direction
in (colorectal) cancer research is the host
immune response against an invasive
tumor process. The recently described
“Immunoscore” classification, demon-
strating the prevalence of immune in-
filtrates, was shown to have a superior
prognostic significance in colorectal
cancer compared with the classical TNM
classification (37).

Strengths and Limitations

To the best of our knowledge we
reported the largest study that ana-
lyzed MSI, KRAS, BRAF and PIK3CA

mutational status in stage II colon cancer
patients who underwent resection but
did not receive chemotherapy. Rep-
resenting 30% to 40% of all resected
colorectal cancers, stage II patients are a
very interesting subgroup because clini-
cians still do not know exactly which of
these patients are at high risk of recur-
rence and therefore may benefit from ad-
juvant chemotherapy. Furthermore, the
percentage of low-stage colon cancers is
going to increase because of the screen-
ing programs (23).

Unfortunately, because of a relative
small number of patients, we were not
able to perform adequate subgroup anal-
yses within the different mutations and
assess survival for PIK3CA.

CONCLUSION

The histopathological approach is
paramount in colon cancer classifica-
tion, however, for most patients with
stage II disease who are classified as
standard risk, there are no additional
markers to refine risk assessment. The
use of molecular biomarkers in addi-
tion to pathological classification will
be particularly important in stage II
colon cancer in order to offer the most
adequate therapy to each individual
patient and to avoid unnecessary che-
motherapeutic treatment. Our study
shows that in stage II patients who have
not been treated with chemotherapy,
BRAF mutation tended to have a neg-
ative prognostic effect on survival and
also, in contrast to most other reports,
MSI tended to be a poor prognosticator.
Further studies are needed to verify and
further clarify these results.
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