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Abstract. - OBJECTIVE: To profile and cor-
relate KRAS mutations with outcome in stage Il
colon cancer (CC) patients who underwent adju-
vant chemotherapy following curative resection
surgery.

PATIENTS AND METHODS: In this retrospec-
tive study, eligible patients were those with resect-
ed stage Il CC who underwent 6-months adjuvant
chemotherapy, either with fluoropyrimidine mono-
therapy (FP) or with oxaliplatin-based regimens
(O-FP). Disease-free survival (DFS) and overall
survival (OS) were analyzed and computed using
the Kaplan-Meier method and the log-rank test.

RESULTS: The study population included 148
patients (n=65 FP and n=83 O-FP). We identified
KRAS mutations in 41/148 (27%) patients, of which
18 (44%) received FP and 23 (56%) O-FP. Five-year
DFS and OS were significantly higher in patients
with KRAS wild-type vs. mutant [DFS: 78 vs. 56%,
HR: 0.47 (95% CI: 0.25; 0.87), p=0.01; OS: 73 vs.
68%, HR: 0.44 (95% CI: 0.21; 0.88), p=0.01]. In pa-
tients treated with FP, the 5-year DFS and OS was
significantly improved in the KRAS wild-type vs.
mutant group, respectively [DFS: 80 vs. 43%, HR:
2.88 (95% Cl: 0.67; 3.76), p=0.014; OS: 85 vs. 68%,
HR: 0.27 (95% CI: 0.10; 0.73), p=0.005]. Conversely,
5-year DFS and OS were not statistically different
for patients with KRAS wild-type vs. mutations
treated with O-FP, respectively [DFS: 78 vs. 65%,
HR: 1.59 (95% CI: 0.67; 3.76), p=0.281; OS: 80 vs.
75%, HR: 0.73 (95% CI: 0.55; 2.12), p=0.57)].

CONCLUSIONS: Our results suggest that cu-
ratively resected stage Ill CC patients exhibit-
ing wild-type KRAS status might benefit from FP
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alone. Conversely, an oxaliplatin-containing reg-
imen should be recommended in KRAS mutat-
ed patients.
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Introduction

Despite undergoing curative surgical resec-
tion, up to 50% of patients with stage III colon
cancer (CC) may experience recurrence'. In pa-
tients with curatively resected stage 111 CC, ad-
juvant chemotherapy has been shown to reduce
the risk of disease relapse’. By treating stage I11
CC patients with 5-fluorouracil (SFU)-based ad-
juvant chemotherapy, the disease-free survival
(DFS) and overall survival (OS) improve by ap-
proximately 17% and 15%, respectively’. More-
over, the addition of platinum-based oxaliplatin to
5-FU-based regimens has demonstrated superior-
ity to 5-FU monotherapy in terms of DFS and OS,
and has thus become the universally recommend-
ed adjuvant treatment for stage III CC?*. Never-
theless, the majority of patients receive adjuvant
treatment unnecessarily, either because they are
cured with surgery alone or because they will
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relapse despite treatment. In the era of personal-
ized medicine, and because oxaliplatin is associ-
ated with cumulative neurotoxicity, incorporating
biomarkers into current clinical decision-making
could potentially predict the efficacy of adjuvant
chemotherapy and avoid unnecessary toxicity in
patients who are unlikely to benefit, thus decreas-
ing health expenditure®.

Conventional tumor-node-metastasis (TNM)
pathologic staging alone cannot predict which CC
patients would benefit from adjuvant treatment
and considerable effort has already been direct-
ed towards finding molecular biomarkers that can
accurately predict tumor response in stage [11 CC
patients at high risk of recurrence’. Preclinical
data have suggested that sensitivity to 5-FU or to
oxaliplatin may be predicted by the KRAS muta-
tional status®, although other studies'*!" failed to
confirm this assumption. At the clinical level, one
study' reported the correlation between KRAS
mutations and a shorter time to recurrence in stage
III CC patients treated with oxaliplatin-based
chemotherapy, thus supporting the influence of
KRAS mutations as a negative prognostic factor.
However, these results are in contrast with the
majority of previous studies*!”, which reported
no association between KRAS mutations and
survival in stage III CC in the adjuvant setting.
Also, the correlation between KRAS mutational
status and efficacy of fluoropyrimidines in stage
III CC is controversial. The SWOG trial showed
that KRAS mutated CC patients gained no benefit
from receiving SFU/folinic acid compared with
observation or folinic acid alone, while KRAS
wild-type patients significantly benefited from
5-FU/folinic acid (76 vs. 44%; HR, 0.4; 95% CI,
0.2-0.8)"®. The CALGB 89803 trial also reported
no influence of KRAS mutational status on DFS
or OS in stage 111 disease".

KRAS mutations may occur in many tu-
mor types together with the downregulation of
ERCCI1 (excision repair cross-complementation
group 1), a protein involved in the mechanism of
DNA damaged recognition and repair®. Indeed,
it has been proposed that KRAS mutations in CC
cells can predict oxaliplatin sensitivity by ERCC1
downregulation'.

Notably, and to the best of our knowledge,
only one study?' has investigated KRAS muta-
tional status and ERCC1 protein expression in the
same cohort and compared the molecular profiles
to clinical data. The authors of the study, by ana-
lyzing metastatic CC cases, found that in ERCC1
overexpressing patients’ response rate and PFS

were higher in mutated KRAS patients but not in
those without ERCCI1 overexpression.

On the basis of all these findings, we decided
to analyze the KR AS mutational status as well as
ERCCI1 alterations (polymorphisms, mRNA and
protein expression) in the same retrospective co-
hort of curatively resected stage III CC patients,
treated either with fluoropyrimidines alone or in
combination with oxaliplatin, and then, to com-
pare the molecular patterns to clinical outcome.

Patients and Methods

Patient Population

This is a retrospective analysis of patients with
histologically confirmed pathological stage III
CC who underwent a curative resection and treat-
ed with adjuvant chemotherapy between Decem-
ber 1996 and October 2010, in different recruit-
ing centres in Switzerland (Oncology Institute of
Southern Switzerland, Ticino), Argentina (Hospi-
tal Udaondo, Instituto Fleming, Hospital Aleman,
Sanatorio Municipal, Hospital Privado Comuni-
dad, Sanatorio Britanico, Clinica Oncomed, ClI-
inica ISIS, Hospital Penna, Hospital Italiano de
CBA, Hospital zonal Lopes de Lanus, Hospital
Lucero, Hospital General San Martin, Hospital
Churruca, Hospital zonal Evita Pueblo and COIR,
Buenos Aires) and Italy (Istituto Ospedaliero
MultiMedica, Castellanza). The staging was per-
formed according to the Union for International
Cancer Control (UICC) TNM classification of
malignant tumors (8" edition) (Brierley 2016).
A chest X-ray and abdominopelvic CT scan (CT
A/P) were routinely performed before surgery.
Additional examinations were considered only in
case of clinical suspicion of distant metastases. In
all cases, the macroscopic disease was cleared by
surgery, and resection margins were free of tumor
at histopathological examination.

Treatment and Follow-Up

After surgical resection, patients were treat-
ed with 6-months adjuvant chemotherapy, either
with single-agent fluoropyrimidine (FP: modu-
lated fluorouracil (5-FU) or capecitabine) and/or
with oxaliplatin-based regimens (FOLFOX (folin-
ic acid, 5-FU, oxaliplatin) or XELOX (oxaliplatin,
capecitabine; also called CAPOX). Chemothera-
py was initiated in all patients within 8 weeks of
surgery. Patients in the FP monotherapy group re-
ceived the standard de Gramont regimen?® of leu-
covorin (LV) plus SFU (LV5FU) for 6 months or
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capecitabine (2,500 mg/m? po, days 1-14 q3w for
8 cycles). The combined treatment group received
modified FOLFOX6 (mFOLFOX6: oxaliplatin 85
mg/m?, calcium folinate 200 mg/m?, SFU 400
mg/m?, and then, continuous infusion of 2,400
mg/m? for 48 h, every 14 days for 12 cycles), or
CAPOX (oxaliplatin 130 mg/m? plus capecitabine
2000 mg/m? po, days 1-14, q3w for 8 cycles). Dose
modifications were allowed according to the orig-
inal schedules.

Follow-up included history taking, physical
examination, and serum carcinoembryonic an-
tigen (CEA) assay, every 3 months for the first
year, every 6 months for the following 2 years,
and thereafter annually, for a total follow-up peri-
od of 5 years or until disease recurrence. Abdom-
inal and thoracic imaging was performed every
6 months for the first 3 years and then annually.
Clinical outcome was monitored for each study
participant from surgery to death or to the last fol-
low-up date.

Molecular Analyses

Genomic DNA and total RNA were extracted
from formalin-fixed paraffin-embedded (FFPE)
tissue sections. A single representative FFPE tu-
mor tissue block (containing >70% of neoplastic
cells)* and a paired healthy mucosa tissue block
(for RNA analysis) were selected for each sam-
ple. The DNA extraction was performed using the
QIAamp Mini kit (Qiagen, Chatsworth, CA, USA)
while the RNeasy FFPE Kit (Qiagen, Chatsworth,
CA, USA) was used for RNA extraction, accord-
ing to the manufacturer’s instructions.

KRAS and ERCC1 Polymorphism Analyses

For KRAS gene analyses, we investigated exon
2, including codons 12 and 13, corresponding to
the two hot-spot sites where more than 90% of
KRAS mutations occur. Regarding ERCCI, the
polymorphism at nucleotide 19007 (4AT/AAC,
Asnll8Asn) (exon 4) was analyzed. KRAS and
ERCCI gene sequences were evaluated by Sanger
sequencing using an ABI Prism 3130 automated
sequencer (Applied Biosystems, Foster City, CA,
USA), as previously described?. The files ob-
tained were aligned and examined for mutations
of the KRAS gene by Sequencing Analysis soft-
ware v6.0 (Applied Biosystems, Foster City, CA,
USA). Each sequence reaction was carried out at
least twice, starting from independent PCR re-
actions. In each case, the detected mutation was
confirmed in the sequence as sense and antisense
strands.
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Microsatellite Instability (MSI)

The status of MSI was assessed by the analy-
sis of the microsatellite loci included in the panel
of Bethesda (BAT25, BAT26, D2S123, D5S346,
D17S250), as reported previously?. Instability
in each locus was confirmed by the presence of
an additional peak in the tumor sample in com-
parison with the normal paired tissue. Microsat-
ellite stability (MSS) and low frequency of MSI
(MSI-L) status were defined as instability at the
0 and 1 marker, respectively. High frequency of
MSI (MSI-H) status was characterized by the
presence of instability in 2 or more markers®.

ERCC1 Reverse Transcription-PCR

To analyze ERCCI gene expression, a fluores-
cence-based real-time procedure (CFX96, Bio-
Rad, Hercules, CA, USA) was adopted, using the
protocol previously described®. POLR2A was
chosen as the internal reference gene.

Total RNA was transcribed into cDNA us-
ing the High Capacity RNA-to-cDNA™ Master
Mix protocol (Applied Biosystems, Foster City,
CA, USA). Real Time-PCR was performed in the
CFX96™ Real Time System (Bio-Rad, Hercules,
CA, USA). Tagman® Gene Expression Master
Mix and Tagman® assays probes (POLR2A probe:
Hs00172187 _m1 and ERCCI probe: Hs01012161
ml) were purchased from Applied Biosystems
(Foster City, CA, USA). The sequences of primers
and probes used for ERCC1 and POLR2A evalua-
tion by RT-PCR were: ERCC1 Primer Fw: 5°-GG-
GAATTTGGCGACGTAATTC-3", ERCCI Prim-
er Rev: 5-GCGGAGGCTGAGGAACAG-3,
TagMan ERCCI probe: 6FAM (carboxyfluores-
cein) 5-CACAGGTGCTCTGGCCCAGCACA-
TA-3’; POLR2A Primer Fw: 5-ATGGAGATC-
CCCACCAATATCC-3’, POLR2A Primer Rev:
5’-CATGGGACTGGGTGCTGAAC-3’, TagMan
POLR2A probe: 5-FAM-TGCTGGACCCAC-
CGGCATGTTC TAMRA-3".

Each sample was analyzed in triplicate. Final
results””** were determined by the formula 244,
which standardizes the target with the reference
gene in both tumor and normal tissue”. The median
value of all scores was used as the threshold sepa-
rating ERCCI overexpressing (higher values) from
ERCCI normally expressing (lower values) cases.

ERCC1 Immunohistochemistry

The ERCCI1 immunohistochemistry (IHC) anal-
ysis was performed on 3-um thick tissue sections
by using an anti-ERCCI1 (clone 8F1, dilution 1:50;
Thermo Fisher Scientific, Erembodegem, Belgium)
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monoclonal antibody. The analysis was performed
on the Ventana BENCHMARK® XT instrument us-
ing UltraView DAB kit (Ventana Medical Systems,
Tucson, AZ, USA). Briefly, for epitope retrieval,
slides were exposed on heat to EDTA, then, endog-
enous peroxidase activity was blocked by incuba-
tion with H,0, 3% (30 min EDTA and 4 min H,0,).
Primary antibody incubation was carried out for 32
minutes at 37°C. Immunoreaction was revealed by
secondary antibody incubation for 8§ minutes with
3’-3’-diaminobenzidine as the chromogen, and May-
ers hematoxylin as the counterstain. Endothelial
cells of normal tonsil tissues and proliferating ger-
minal centre lymphocytes were included as positive
controls for ERCCI, as previously suggested?*.

Immunostaining was evaluated under a light mi-
croscope by an expert pathologist (RB). A positive
staining was assigned when tumor cells showed nu-
clear reactivity. As to date there are no standardized
guidelines for ERCCI staining evaluation on colon tu-
mors, an H-score, usually utilized in the evaluation of
ERCCI in non-small cell lung cancer, was applied™.
The intensity of staining was scored on a scale of 0 to
3; 3 indicating the higher intensity using normal tonsil
tissue as positive control. The percentage of positive
tumor cells was scored as follows: 0 1f 0%; 0.1 if 1% to
9%,; 0.5 if 10% to 49%; 1 if 50% or more. Semi-quan-
titative H-scores were obtained from intensity mul-
tiplied with positive cells, with values ranging from
0 to 3. The median value of all H-scores was chosen
as the cut-off point to determine positive or negative
tissues according to the literature and to our previous
work on gastric cancer***°.

Statistical Analysis

A two-tailed Fisher’s exact test was used to
calculate the p-values for the association among
variables. The level of significance was set at
p<0.05. The disease-free survival (DFS) and
overall survival (OS) analyses were performed
according to the Kaplan-Meier method, and sur-
vival curves were compared using the log-rank
test. Data were analyzed using the IBM Statistical
Package for Social Sciences (SPSS) Statistics 20
(IBM Corp., Armonk, NY, USA).

Results

Patient Characteristics

The study population consisted of 148 patients
with a median age at diagnosis of 68 years (range
35-82). The median follow-up at the time of this
analysis was 55 months (range 2-156). At the end

of follow-up, 59 patients (40%) had relapsed. The
disease relapse accounted for 37 of 46 deaths
(80%). In the entire cohort, 65 patients (43%) re-
ceived FP monotherapy and 83 (57%) received the
combination.

Expression of ERCC1, KRAS, and MSI

All CC samples were assessed for ERCC1
expression (IHC and RT-PCR) and KRAS muta-
tional status. ERCC1 was measured quantitative-
ly in the tumor tissue, and the ratio of ERCCI to
the reference gene ranged between 0.2 and 16.8;
the median value was calculated as 1.4 (95% CI
109.4-134.4). Seventy-two (48%) patients had an
ERCCI level greater than the median.

ERCCI expression using IHC was categorised
as score 0 in 53 of 148 cases (35%), 1+ in 56 cases
(38%), 2+ and 3+ in 39 cases (27%). By using the
H-score, the median value was 0.5 (range 0-5.3,
95% CI 127.9-162.3). Positive cases were consid-
ered those exhibiting an H-score higher than the
median value (56 cases, 37%).

We identified KRAS mutations in 41 partic-
ipants (27% of cases), of which 18 received FP
monotherapy, and 23 received combination ther-
apy with O-FP.

Opverall, 14 cases (16%) with MSI-H tumors were
detected in the combined treatment group compared
to 12 cases (18%) in the monotherapy group.

Molecular Analysis and Clinical Outcome

Tables I and II summarise the DFS and OS
data, respectively, according to molecular mark-
ers analyzed. The univariate analysis revealed
no significant association between ERCCI ex-
pression and survival. In the entire cohort, 5-year
DFS and OS were significantly higher in KRAS
wt. patients compared to KRAS mutant patients:
S-year DFS: 78 vs. 56%, p=0.01, HR: 0.47 (95%
CL: 0.25, 0.87); 5-year OS: 73 vs. 68% p=0.01,
HR: 0.44 (95% CI: 0.21, 0.88).

Also, in patients treated with FP, a better
S-year DFS and OS were observed in KRAS wt.
patients: 5-year DFS: wt. vs. mutant 80 vs. 43%,
p=0.014, HR: 2.88 (95% CI: 0.67, 3.76); 5-year
OS: 85 vs. 68%, p=0.005, HR: 0.27 (95% CI: 0.10,
0.73). On the contrary, 5-year DFS and OS were
not statistically different for wt. and mutated
KRAS patients treated with O-FP: 5-year DFS: 78
vs. 65%, p=0.281, HR: 1.59 (95% CI: 0.67; 3.76);
5-year-OS: 80 vs. 75%, p=0.57, HR: 0.73 (95%
CI: 0.55; 2.12). The 5-year DFS and OS showed
no difference in both treatment groups between
MSS/MSI-L and MSI-H.
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Table I. Five-Year Disease-Free Survival (DFS) according to molecular classification.

Variable Hazard Ratio (95% Cl) p-value
KRAS: wt. vs. mt:

Overall 0.47 (0.25-0.87) 0.016

FP 2.88 (0.67-3.76) 0.014

O-FP 1.59 (0.67-3.76) 0.281
ERCC1 IHC: 0 vs. 1+, 2+, 3+:

Overall 1.20 (0.59-2.42) 0.597

FP 1.01 (0.67-3.76) 0.441

O-FP 1.75 (0.53-4.23) 0.975
ERCC1 IHC: 0, 1+ vs. 2+, 3+:

Overall 0.90 (0.44-1.86) 0.796

FP 1.12 (0.32-3.83) 0.353

O-FP 0.88 (0.35-2.18) 0.789
ERCCI1 IHC: < Median vs. > Median:

Overall 0.64 (0.32-1.28) 0.214

FP 0.45 (0.13-1.53) 0.207

O-FP 0.81 (0.34-1.94) 0.658
ERCC1 RT-PCR: <1 vs. >1:

Overall 1.23 (0.63-2.40) 0.522

FP 1.57 (0.57-4.33) 0.378

O-FP 1.20 (0.42-2.54) 0.921
ERCC1 RT-PCR: <2 ys. >2:

Overall 1.59 (0.47-2.73) 0.124

FP 1.42 (0.59-3.44) 0.425

O-FP 1.83 (0.79-4.25) 0.433
ERCC1 RT-PCR: <3 vs. >3:

Overall 1.45 (0.71-2.94) 0.319

FP 1.96 (0.75-5.13) 0.187

O-FP 1.10 (0.37-3.27) 0.854
ERCCI1 IHC: < Median vs. > Median:

Overall 1.49 (0.81-2.75) 0.189

FP 1.44 (0.57-3.63) 0.422

O-FP 1.56 (0.69-3.53) 0.203
MSI-H vs. MSS, MSI-L:

Overall 1.98 (0.61-6.14) 0.206

FP 1.67 (0.27-4.97) 0.830

O-FP 3.9 (0.55-29.19) 0.100

ERCC1: excision repair cross-complementing group 1; wt: wild-type; mt: mutant; IHC: immunohistochemistry; MSI-H: high
frequency microsatellite sequence; RT-PCR: reverse transcription polymerase chain reaction; MSS: Microsatellite instability; MSI-L:
low frequency microsatellite sequence; FP: fluoropyrimidine monotherapy; O-FP: oxaliplatin-FP combination regimen.

Discussion

The aim of this retrospective cohort study
was to analyze the impact of KRAS or ERCCI1
alterations on clinical outcomes in curatively re-
sected stage 111 CC patients receiving either fluo-
ropyrimidines alone or in combination with oxal-
iplatin. We found that stage III CC patients with
wild-type KRAS showed better 5-year survival
outcomes than patients with KRAS mutations.
In addition, we observed that KRAS wild-type
CC patients treated with FP exhibit better 5-year
DEFS and OS than KRAS mutant patients. On the
contrary, KRAS mutational status made no dif-
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ference to 5-year survival for patients receiving
the adjuvant chemotherapy combination O-FP. To
our knowledge, this is the second study to evalu-
ate the role of KRAS mutations stratified by MSI/
MSS status and ERCCI1 protein expression in the
same cohort of stage III colon cancer patients
treated with adjuvant chemotherapy.

KRAS is an intracellular effector located
downstream of the epidermal growth factor re-
ceptor (EGFR). In the metastatic setting, KRAS
mutations confer resistance to anti-EGFR treat-
ments. Post-hoc analysis of two large prospective
adjuvant trials, PETACC-8 and N0147, confirmed
the detrimental role of KRAS mutations on stage
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Table Il . Five-Year Overall Survival (OS) according to molecular classification.

Variable Hazard Ratio (95% Cl) p-value
KRAS: wt. vs. mt:

Overall 0.44 (0.21-0.88) 0.017

FP 0.27 (0.10-0.73) 0.005

O-FP 0.73 (0.55-2.12) 0.572
ERCC1 IHC: 0 vs. 1+, 2+, 3+:

Overall 1.13 (0.59-2.90) 0.488

FP 2.07 (0.65-6.61) 0.195

O-FP 0.82 (0.28-2.42) 0.732
ERCC1 IHC: 0, 1+ vs. 2+, 3+:

Overall 0.84 (0.36-1.97) 0.694

FP 1.37 (0.38-4.89) 0.634

O-FP 0.65 (0.20-2.07) 0.463
ERCCI1 IHC: < Median vs. > Median:

Overall 0.62 (0.27-1.41) 0.244

FP 0.74 (0.20-2.65) 0.639

O-FP 0.58 (0.19-1.73) 0.325
ERCC1 RT-PCR: <1 vs. >1:

Overall 1.31 (0.59-2.92) 0.491

FP 1.46 (0.47-4.50) 0.482

O-FP 1.20 (0.38-3.76) 0.741
ERCCI1 RT-PCR: <2 vs. >2:

Overall 1.97 (0.89-3.51) 0.103

FP 1.35 (0.52-3.50) 0.537

O-FP 2.48 (0.93-6.62) 0.073
ERCC1 RT-PCR: <3 vs. >3:

Overall 1.60 (0.74-3.46) 0.244

FP 1.71 (0.59-4.90) 0.334

O-FP 1.66 (0.53-5.18) 0.398
ERCCI1 IHC: < Median vs. > Median:

Overall 1.55 (0.76-3.17) 0.215

FP 1.19 (0.44-3.23) 0.725

O-FP 2.03 (0.73-5.56) 0.163
MSI-H vs. MSS, MSI-L:

Overall 2.13 (0.51-8.92) 0.244

FP 2.36 (0.15-8.70) 1.695

O-FP 0.70 (0.15-3.11) 0.659

ERCC1: excision repair cross-complementing group 1; wt: wild-type; mt: mutant; IHC: immunohistochemistry; MSI-H: high
frequency microsatellite sequence; RT-PCR: reverse transcription polymerase chain reaction; MSS: Microsatellite instability; MSI-L:
low frequency microsatellite sequence; FP: fluoropyrimidine monotherapy; O-FP: oxaliplatin-FP combination regimen.

IIT colon cancer clinical outcomes®*2. Similar to
our study, the pooled analysis of both PETACC-8
and NO147 trials confirmed a 1.5-fold higher risk
of relapse and death in the KRAS mutated than in
the KRAS wild-type population®.

Several studies have shown that ERCCI
mRNA overexpression can be a negative prognos-
tic factor for platinum-based chemotherapy in pa-
tients with a variety of other cancer types, includ-
ing non-small-cell lung cancer®’, ovarian cancer*,
and gastric cancer®. Various outcomes regarding
the prognostic correlation between ERCCI ex-
pression and platinum-based chemotherapy in an
adjuvant setting have been reported in colorec-

tal patients. Shirota et al*® reported a significant
negative correlation between the mRNA levels
of ERCCI and the survival of patients with unre-
sectable advanced colorectal cancer, who received
FOLFOX chemotherapy after failure of 5-FU and
irinotecan chemotherapy. Another study?’ investi-
gated the expression of ERCC1 using immunobhis-
tochemistry in colorectal cancer patients with un-
resectable metastases that had been treated with
the FOLFOX regimen. The median OS reported
in the study was significantly longer in patients
without ERCC1 expression (p=0.0474).

In stage III CC, patients treated with oxal-
iplatin-based chemotherapy with ERCCI1 protein
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overexpression had a lower DFS (54%) and OS
(60%) than those with negative ERCC1 tumors
(72% vs. 78%, respectively; p=0.009 for DFS
values and p=0.02 for OS values)*. By contrast,
ERCCI1 status did not affect DFS (p=0.62) or OS
(p=0.63) in the SFU group.

We analyzed the association of mRNA expres-
sion levels of ERCC1 with OS and DFS in stage 111
colon cancer patients in this study. Our results in-
dicate no significant association between survival
and the mRNA expression levels of ERCCI. This
finding suggests that the expression of ERCCI is
not applicable as a predictive factor for this cohort
of stage 1l resected colon cancer patients receiving
5-FU and oxaliplatin-based adjuvant chemothera-
py. Similarly, Kim et al*® in 2015 found that ERCC1
expression was not significantly associated with
the 5-year DFS and ERCCI1 expression in patients
with high-risk stages Il and I1I colon cancer treated
with FOLFOX adjuvant chemotherapy, not even in
a subgroup analysis of stage III colon cancer pa-
tients. The fact that different studies have report-
ed conflicting results may be partly attributable to
the fact that mRNA expression levels of ERCC1
may vary at different cancer stages of cancer and
between ethnic groups. Indeed, ethnic differences
in ERCC1 polymorphic variants associated with
altered nucleotide excision repair (NER) function
have been observed between Caucasian, African,
and Asian populations*°,

Multiple retrospective and population-based
studies** have shown that patients with col-
orectal tumors displaying high loss of DNA
mismatch repair (MSI-H) have a more favorable
stage-adjusted prognosis than those with MSI-L/
MSS tumors. However, the relationship between
MSI status and chemotherapy outcome in colon
cancer patients remains controversial*. In our
study, the 5-year DFS and OS showed no statis-
tically significant difference in either treatment
group between MSS and MSI-H; however, an
approximate 2-fold improved survival trend was
observed in stage III colon cancer patients with
MSI-H than MSH-L/MSS subgroups irrespective
of the treatment regimen. In the PETACCS3 trial,
600 stage 11 and 111 patients receiving 5-FU treat-
ment displayed a significant difference in 5-year
DFS between MSI and MSS tumors (p=0.0077),
suggesting that MSI-improved prognosis can be
maintained under adjuvant 5-FU*+¢, By contrast,
a systematic literature review of the predictive ef-
fect of MSI status in colorectal cancer in patients
undergoing 5-FU based chemotherapy showed
no significant survival differences between MSI
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and MSS*. An analysis of the Multicentre In-
ternational Study of Oxaliplatin/5-Fluorouracil/
Leucovorin in the Adjuvant Treatment of Colon
Cancer (MOSAIC) evaluated MMR status in 986
of the 2,240 patients enrolled*. In a modest num-
ber of patients with MSI-H colon cancers, a DFS
benefit from FOLFOX compared with 5-FU alone
was observed®. Hence, as reported in the litera-
ture, this putative association requires further in-
vestigation**.

This study has some notable limitations: first,
this study has a retrospective design, so selection
bias and potential confounders may influence the
results, and second, the sample size was too small
to reliably determine the association between
ERCCI expression and DFS. Thus, more prospec-
tive studies with larger sample sizes are required.

Conclusions

The above results suggest that curatively re-
sected stage III CC patients exhibiting wild-type
KRAS status might benefit from FP alone. If con-
firmed in prospective studies, this finding could
lead to a better patient selection, avoiding oxal-
iplatin and unnecessary toxicities. On the con-
trary, an oxaliplatin-containing regimen should
be recommended in all KRAS mutated patients.
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