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Abstract Colon cancer with DNA mismatch repair
(MMR) defects reveals distinct clinical and pathologic
features, including a better prognosis but reduced response
to 5-fluorouracil (5-FU)-based chemotherapy. A current
standard treatment for recurrent or metastatic colon cancer
uses capecitabine plus oxaliplatin (CAPOX), or continuous-
infusion fluorouracil plus oxaliplatin (FOLFOX). This study
investigated the effect of MMR status on the treatment
outcomes for CAPOX and FOLFOX as first-line combina-
tion chemotherapy in recurrent or metastatic colon cancer.
We analyzed 171 patients who had been treated with
CAPOX or FOLFOX as first-line combination chemotherapy
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in recurrent or metastatic colon adenocarcinoma between
February 2004 and July 2008. Tumor expression of the
MMR proteins, MLH1 and MSH2, was detected by immu-
nohistochemistry (IHC) in surgically resected tumor speci-
mens. The microsatellite instability (MSI) was analyzed by
polymerase chain reaction (PCR) amplification, using
fluorescent dye-labeled primers specific to microsatellite
loci. Tumors with MMR defect were defined as those
demonstrating a loss of MMR protein expression (MMR-D)
and/or a microsatellite instability-high (MSI-H) genotype.
In all, 75 patients (44%) received FOLFOX, and 96 patients
(56%) received CAPOX as first-line combination chemo-
therapy. The incidence of colon cancer with MMR defect
was 10/171 (6%). Colon cancers with MMR defect (MSI-H
and/or MMR-D) are more commonly located in proximal to
the splenic flexure (p = 0.03). The MMR status did not
significantly influence the overall response (p = 0.95) to
first-line CAPOX or FOLFOX treatment in patients with
recurrent or metastatic colon cancer. According to the MMR
status, there was no significant difference for PFS
(p = 0.50) and OS (p = 0.47) in patients with recurrent or
metastatic colon cancer treated with first-line CAPOX or
FOLFOX. In colon cancers with MMR defect, there was no
significant difference for PFS (p = 0.48) and OS (p = 0.56)
between CAPOX and FOLFOX as first-line combination
chemotherapy. However, in MMR intact, there was signif-
icant difference for OS between CAPOX and FOLFOX
(p = 0.04). OS was significantly better in patients treated
with CAPOX when compared to patients with FOLFOX.
The MMR status does not predict the effect of oxaliplatin-
based combination chemotherapy as 1st line in recurrent or
metastatic colon cancers. CAPOX in the first-line treatment
of recurrent or metastatic colon cancer with MMR intacts
showed a superior OS compared with FOLFOX unlike colon
cancer with MMR defects.
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Introduction

Colorectal cancer (CRC) develops either sporadically
(85%), as part of a hereditary cancer syndrome (less than
10%), or against a background of inflammatory bowel
disease. It is believed that the adenoma—carcinoma
sequence underlies the development of colorectal cancer in
most patients, and two distinct pathways have been iden-
tified as the microsatellite instability (MSI) and chromo-
somal instability (CIN) pathways [1-4]. The microsatellite
instability (MSI) pathway, which involves failure of the
nucleotide mismatch recognition and repair system, is one
form of genomic instability [5, 6]. Deficient DNA mis-
match repair (MMR defect) occurs in approximately
10-15% of all sporadic colorectal cancer [7]). Instability in
microsatellite sequences in sporadic colorectal cancer
exhibiting MSI, often due to the loss of expression of a
mismatch repair gene (most commonly MLH1 and MSH2),
is caused by epigenetic silencing [8—10]. High levels of
MSI (MSI-H) colorectal cancers are more frequent in
women and more commonly located proximal to the
splenic flexure [6, 11-13]. The MSI-H colorectal cancers
are known to bear many features that are generally asso-
ciated with poor prognosis, including deep tumor invasion
and poor histologic differentiation. However, patients with
MSI-H tumors revealed longer overall and cancer-specific
survival than stage-matched patients with tumors exhibit-
ing CIN [14, 15], implicating that the pronounced genetic
instability of tumor cells with MSI may increase the sus-
ceptibility to apoptosis.

The loss of DNA mismatch repair (MMR) proteins that
had DNA damage sensor function leads to a lack of
appropriate signals for apoptosis induction [16, 17] and a
resistance to specific chemotherapy drugs [18-20]. In
studies for adjuvant chemotherapy in stage II or III colon
cancer, patients with MSI-H demonstrated no benefit with a
regimen containing fluorouracil (FU), unlike patients
whose tumors demonstrate CIN [21-23].

A current treatment of reference for recurrent or
metastatic colon cancer is capecitabine plus oxaliplatin
(CAPOX), or continuous-infusion fluorouracil plus oxa-
liplatin (FOLFOX) [24]. In addition, targeted therapies
with monoclonal antibodies against the vascular endothe-
lial growth factor and the epidermal growth factor receptor
have also become available [25, 26]. This increase in the
availability of effective drugs offers a choice among vari-
ous therapeutic options. However, a reliable prediction of
tumor response and prognosis for each therapy scheme for
individual patients has not been defined. Recently, some
studies have investigated the relationship between the
MMR status and chemotherapy efficacy in metastatic CRC
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[27-31]. Des Guetz et al. (2007) reported the prognostic
value of MSI-H in patients treated with palliative first-line
combination chemotherapy with FOLFOX (in 44 patients
with metastatic CRC). They did not find a significant dif-
ference for chemotherapy efficacy between MSI-H and
microsatellite stable (MSS or MSI-S) cases. One example
of meta-analysis also showed that chemotherapy was not
associated with a significantly improved outcome in
patients with metastatic CRC among MSI-H, compared
with MSI-S [28]. However, Muller et al. reported that
MSI-H may be correlated with a poor response to a 5-FU/
oxaliplatin treatment, and Jensen et al. found that patients
with the higher gene expression of MSH-2 in advanced
CRC treated with capecitabine showed a better response
[27, 32]. In addition to these cases, the relationship
between MMR status and outcomes for chemotherapy
differed among studies. According to the MMR status,
there has as yet been no consensus as to the choices among
various effective therapeutic options in advanced CRC.
This study investigated the effect of MMR status on the
outcomes for CAPOX and FOLFOX as first-line combina-
tion chemotherapy in recurrent or metastatic colon cancer.

Patients and methods
Patients

Between February 2004 and July 2007, 171 patients were
treated with CAPOX or FOLFOX as first-line combination
chemotherapy in recurrent or metastatic colorectal adeno-
carcinoma at Samsung Medical Center, Seoul, Korea.
Sixty-six of the 171 patients experienced recurrent disease
after the complete resection. All 171 patients had been
assessed for the status of the MMR protein or MSI geno-
type. The following clinical data were collected from
medical records for each patient: surgical and pathologic
reports, imaging, treatment modalities, the status of the
MMR protein and MSI genotype, and expression of p53.
Staging of the disease was classified according to the sixth
edition of guidelines of the American Joint Committee on
Cancer (AJCC).

Treatment

In all, 75 patients received FOLFOX. This consisted of
oxaliplatin (85 mg/m? over 2 h, day 1), followed by leu-
covorin (200 mg/m? over 2 h, day 1), followed by 5-FU
(400 mg/m2 bolus, day 1 and then 2,400 mg/m2 over 48 h,
days 1 and 2) of intravenous infusion. Cycles were repeated
every 2 weeks. Ninety-six patients received CAPOX,
consisting of oxaliplatin (130 mg/m? over 2 h, day 1)
intravenous infusion and capecitabine (1,000 mg/m?, twice
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per day, consecutively for 2 weeks) per oral route. Cycles
were repeated every 3 weeks. Tumor response was asses-
sed at baseline and every 2 cycles according to RECIST.
All patients were scheduled to receive chemotherapy until
disease progression, intolerable adverse events, or the
patients’ refusal to continue treatment. FOLFOX and
CAPOX were both available as first-line combination
chemotherapy in recurrent or metastatic colorectal adeno-
carcinoma in this center, and the decision of choosing the
each regimen was entirely based on the physician’s dis-
cretion and patient’s request.

Analysis of MSI

Primary tissue specimens were obtained during surgery or
biopsy. Laboratory analysis was conducted at Samsung
Medical Center. The MSI was analyzed by polymerase
chain reaction (PCR) amplification using fluorescent dye-
labeled primers for the Bethesda markers (BAT-26,
BAT-25, D5S346, D2S123, and D17S250) specific to
microsatellite loci, as recommended by the National Can-
cer Institute Workshop on MSI [33]. MSI was defined as a
band shift in either of the two alleles or as the appearance
of a differently sized band in the tumor sample. Tumors
were classified by MSI-H if instability was found at >50%
of the loci screened, and MSI-low (MSI-L) if at least one
but <50% of the loci showed instability, and microsatellite
stable (MSS or MSI-S) if all loci were stable. Immuno-
histochemistry (IHC) detected the presence of MLHI1 and
MSH?2 proteins in resected tumor specimens. Two MMR
proteins (MLH1 and MSH?2) were lost most commonly in
sporadic colon cancer. For each antibody, a known positive
normal colonic mucosa served as a positive control.
Tumors known to lack MLH1 or MSH2 served as a neg-
ative control. All cases were scored as positive (defined as
>10% of tumor cells staining) or negative (<10% tumor
cells staining). The loss of MMR protein (MLH1 and/or
MSH2) expression was defined as MMR deficient (MMR-
D), distinguishable from the mismatch repair intact (MMR-
I). Tumors with MMR defect were those demonstrating
loss of MMR protein expression (MMR-D) and/or micro-
satellite instability-high (MSI-H) genotype. Tumors with
MMR intact were defined as MMR-I and/or MSI-L/S.

Immunohistochemistry and immunostaining

Formalin-fixed, paraffin-embedded tissues including both
tumors and nontumorous liver tissues were sectioned at
4 pm. Immunohistochemical studies were performed using
the streptavidin—biotin complex method and a TechMate
1000 automated staining system (DakoChemmate, Glostrup,
Denmark). Primary monoclonal antibody against p53 (clone
Bp53-12) was purchased from Zymed Laboratories Inc.

(San Francisco, CA, USA) and used at 1:400 dilution.
Deparaffinized sections were treated with 3% hydrogen per-
oxide in methanol for 10 min to block endogenous peroxi-
dase. Sections were processed in 0.05 mol citrate buffer (pH
6.0) and heated in a microwave oven for 10 min for antigen
retrieval. Sections were then incubated with the primary
antibody for 30 min at room temperature. Secondary antibody
(Dako, REALTM, EnVisionTM) was purchased from Zymed
Laboratories Inc. (San Francisco, CA, USA). DAB (3,3’-di-
aminobenzidine tetrahydrochloride) was used as a chromo-
gen, and Meyer’s hematoxylin counterstain was applied.

Expression patterns of p53 were determined in a semi-
quantitative manner using light microscopy. Immunoreac-
tivity for p53 (nuclear staining) was categorized in
accordance with the percentage of tumor cells stained as
described previously: immunonegative, <5%; immunopos-
itive, >5% staining. Brown nuclear stain was regarded as
positive.

Statistical analysis

We intended to investigate whether the tumor MMR status
influenced on the tumor response, progression-free survival
(PES), and overall survival (OS) to treatment with CAPOX
or FOLFOX as first-line combination chemotherapy in
recurrent or metastatic colon cancer. The MMR status was
based on genotyping (MSI-H vs. MSI-L/S) and THC
(MMR-D vs. MMR-I). Moreover, we evaluated the sig-
nificance of p53 expression as a prognostic marker in
recurrent or metastatic colon cancer. Primary statistical
outcomes included overall survival and progression-free
survival (OS/PFS) measured from the start date of the first-
line combination chemotherapy; PFS and OS were esti-
mated by Kaplan—Meier curves and compared by means of
the log-rank test. Relationships between tumor MMR sta-
tus, pS3 expression, and clinicopathologic factors were
studied using the y* test. The proportional hazards model
was used to make survival comparisons, controlling for
treatment, and other clinicopathologic factors. Statistical
significance was defined as a two-sided p < 0.05.

Results
Microsatellite stability status and pS53 status

In total, 147 tumor specimens were genotyped, and 144
specimens were tested by IHC. Genotyping results demon-
strated that seven (4.7%) patients were MSI-H, and 140
(95.3%) were MSI-L/S. By IHC, nine (6.3%) patients were
MMR-D, and 135 (93.7%) were MMR-1. According to the
definition of MMR status, the incidence of colon cancer with
MMR defect was 10/171 (5.8%), and 161/171 (94.2%) were
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MMR intact. As well, 125 patients were assessed for pS3
expression by immunostaining. Colon cancers with MMR
defect (MSI-H and/or MMR-D) are more commonly located
proximal to the splenic flexure (p = 0.03). The median age
of the patients was 61.8 (range, 24.5-85.6), and 56.1% of the
patients were male. There were 66 (38.6%) patients with
recurrent disease, 105 (61.4%) with metastatic disease.

Correlation between tumor MMR status and clinical
characteristics

There were no significant differences in sex, age, ECOG
performance status, histologic differentiation, p53 status, or
types of first-line combination chemotherapy according to
tumor MMR status (MMR defect vs. MMR intact)
(Table 1). Patients with MMR-intact tumors had signifi-
cantly more primary tumors of the left side (5, p = 0.03).

Correlation between tumor MMR status and treatment
response

Among ten MMR-defect patients, two complete responses
and five partial responses were observed (overall response

Table 1 Clinical characteristics of 171 patients with metastatic or
recurrent colorectal cancer

MMR status p
value

MMR defect MMR intact

(N = 10) (N = 161)

(MMR-D (MMR-I and

and/or MSI-H) MSI-L/S)

Median age (years), range 57 (46.5-76.0) 62 (24.5-85.6) 0.85

Sex
Male 6 90 0.80
Female 4 71
EOCG performance status
0-1 10 159 0.91
<2 0 2
Tumor site
Right 5 34 0.03
Left 5 127
Differentiation
G1-2 8 149 0.16
G3-4 2 12
pS3
Positive 7 79 0.93
Negative 3 36
First-line chemotherapy
regimens
FOLFOX 4 92 0.29
CAPOX 6 69
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rates, 70%). Stable disease was observed in one patient
(10%) and progressive disease in two patients (20%)
(Table 2). The disease control rate was 80%. Among 161
MMR-intact patients, 14 complete responses and 97 partial
responses were observed (overall response rates, 69%).
Stable disease was observed in 34 patients (21%) and
progressive disease in 16 patients (10%). The disease
control rate was 90%. The overall response rates and dis-
ease control rates of MMR-defect and MMR-intact groups
were 70 versus 69% (p = 0.95) and 80 versus 90%
(p = 0.28), respectively. The MMR status did not signifi-
cantly influence the overall response (p = 0.95) to first-line
CAPOX or FOLFOX treatment in patients with recurrent
or metastatic colon cancer.

Correlation between tumor MMR status
and PFS and OS

The overall survival (OS) rate for all 171 patients was
29.6 months, and the progression-free survival (PFS) rate
was 9.5 months (95% C.I. 7.96-11.04) (Table 3). There
was no significant difference in PFS according to MMR
status, sex, tumor site, p53 status, or chemotherapy regi-
mens. Histologic differentiation (G1-2 vs. G3-4) was the
only factor that made a difference to PFS (p < 0.01). For
OS, there was no significant difference according to MMR
status, sex, pS3 status, or chemotherapy regimens. There
was a significant difference in OS according to tumor site
(right vs. left) and histologic differentiation (G1-2 vs.
G3-4) (p = 0.03 and p = 0.01), respectively. According to
the MMR status, there was no significant difference for
PFS (»p = 0.50) and OS (p = 0.47) in patients with recur-
rent or metastatic colon cancer treated with first-line
CAPOX or FOLFOX.

In each MMR status, PFS and OS were evaluated
according to clinical characteristics. There was no signifi-
cant difference in PFS and OS according to tumor site,
histologic differentiation, p53 status, or chemotherapy
regimens in patients with MMR-defect tumors (Table 4).
In colon cancers with MMR defect, there was no signifi-
cant difference for PFS (p = 0.48) and OS (p = 0.56)
between CAPOX and FOLFOX as a first-line combination

Table 2 Treatment response in correlation with MSI-H status

MMR defect MMR intact p value
(N =10) (N = 161)

CR 2 14

PR 5 97

SD 1 34

PD 2 16

Object response 7 111 0.95

Disease control 8 145 0.28
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Table 3 Overall survival (OS) and progression-free survival (PFS) in correlation with MMR status and clinical variables
Samples PFS (months) p value OS (months) p value
Median 95% C.1 Median 95% C.1
All patients 171 9.5 7.96-11.04 29.6 -
MMR status
MMR defect 10 12.4 5.89-18.91 0.50 20.3 - 0.47
MMR intact 161 9.5 8.19-10.81 29.6 -
Sex
Male 96 9.3 7.55-11.05 0.97 24.2 19.72-28.68 0.14
Female 75 10.0 6.89-13.11 Not reached -
Tumor site
Right 39 7.4 3.73-11.07 0.19 23.3 - 0.03
Left 132 9.8 7.23-12.37 29.6 -
Differentiation
G1-2 157 10.0 8.36-11.64 Not reached - 0.01
G3-4 14 4.2 2.73-5.67 8.6 0.0-19.97
pS3
Positive 86 9.1 7.20-11.00 0.41 Not reached - 0.69
Negative 39 12.0 8.21-15.79 Not reached -
Chemotherapy regimens
FOLFOX 75 9.5 7.61-11.39 0.61 27.0 21.55-32.45 0.08
CAPOX 96 9.5 7.68-11.32 Not reached -
—: not applicable
Table 4 Overall survival (OS) and progression-free survival (PFS) in MMR-defect tumors
Samples PFES (months) p value OS (months) p value
Median 95% C.1 Median 95% C.1
Sex
Male 6 3.8 0.0-10.04 0.04 13.1 6.56-19.64 0.04
Female 4 Not reached - Not reached -
Tumor site
Right 124 0.0-30.86 0.85 Not reached - 0.91
Left 12.7 3.68-21.72 20.3 0.0-40.65
Differentiation
G1-2 8.5 0.0-20.42 0.12 20.3 6.43-34.17 0.35
G3-4 Not reached - Not reached -
pS3
Positive 7 12.7 0.0-35.54 0.97 Not reached - 0.71
Negative 3 124 6.16-18.64 20.3 -
Chemotherapy regimens
FOLFOX 6 12.7 - 0.48 Not reached - 0.56
CAPOX 4 8.5 0.0-17.42 20.3 -

—: not applicable

chemotherapy (Fig. 1). PFS and OS were significantly
better in female patients when compared to male patients.

In MMR-intact tumors, there was a significant differ-
ence for PFS (p = 0.04) according to histologic differen-
tiation, and for OS according to tumor site (p = 0.03),

histologic differentiation (p = 0.01) and chemotherapy
regimens (p = 0.04) (Table 5). In colon cancers with
MMR-intact tumors, there was a significant difference for
OS between CAPOX and FOLFOX (p = 0.04, Fig. 2). As
indicated, the OS was significantly better in patients treated
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Fig. 1 a Progression-free survival and b Overall survival in recurrent or metastatic colon cancer with MMR defects (N = 10)

Table 5 Overall survival (OS) and progression-free survival (PFS) in MMR-intact tumors

Samples PFS (months) p value OS (months) p value
Median 95% C.1 Median 95% C.1

Sex
Male 90 9.4 7.71-11.09 0.55 27.0 21.01-32.99 0.41
Female 71 9.7 7.68-11.72 Not reached -

Tumor site
Right 34 6.8 3.23-10.37 0.12 23.3 - 0.03
Left 127 9.8 7.85-11.75 29.6 -

Differentiation
G1-2 149 10.0 8.28-11.72 0.01 Not reached - 0.01
G3-4 12 34 0.0-7.64 6.2 0.0-12.99

pS3
Positive 79 9.10 7.18-11.02 0.38 Not reached - 0.67
Negative 36 10.0 5.44-14.56 Not reached -

Chemotherapy regimens
FOLFOX 69 9.3 7.56-11.04 0.44 27.0 21.94-32.06 0.04
CAPOX 92 9.5 7.71-11.29 Not reached -

—: not applicable

with CAPOX when compared to patients treated with
FOLFOX.

Discussion
In our study, there was no difference in the overall response

rates, PFS, or OS between patients with MMR-defect and
MMR-intact advanced colon cancer, implying that the
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MMR status did not seem to be a viable predictive marker
to evaluate chemosensitivity in a recurrent or metastatic
setting. This finding is consistent with previous studies
[28-30]. In a recent meta-analysis, Des Guetz et al.
reported that MSI status did not predict the effects of
chemotherapy in metastatic colorectal tumors [28-30].
These findings may be caused by using oxaliplatin-based
combination chemotherapy. The MMR system is not lar-
gely involved in the recognition of oxaliplatin adducts in
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Fig. 2 a Progression-free survival and b Overall survival in recurrent or metastatic colon cancer with MMR intacts (N = 161)

DNA [20], and MMR-defect cells are not resistant to
oxaliplatin [20, 34]. Experimental evidence has identified
links between MMR-defect cells and cytotoxic drug
resistance for alkylating agents [10, 35, 36]. Selection for
cisplatin resistance in several human cancer cell lines
resulted in a loss of expression of the MMR proteins MLH 1
and MSH2 in most (90%) cell lines, implicating the MMR
system in cisplatin resistance [35]. Cisplatin-sensitive cell
lines and human biopsies are hypermethylations of the
promoters of only one MLHI allele, whereas resistant cell
lines all exhibit hypermethylation of the promoters of both
MLHI1 alleles [37, 38]. Treatment of cisplatin-resistant cell
lines with 5-azacytidine, a methylation inhibitor, resulted
in re-expression of MLHI1 and consequently increased
sensitivity to cisplatin. Whereas MMR is clearly involved
in cisplatin activity, in vitro and preclinical experiments
have shown that MLHI1-, MSH2-, and MSH6-deficient
cells, which are resistant to cisplatin, are nonetheless sus-
ceptible to oxaliplatin; defects in MMR are associated with
a modest to moderate level of resistance to cisplatin, but
not to oxaliplatin [20, 39].

Interestingly, our results suggested that advanced colon
cancer might have a different chemosensitivity according
to MMR status. In colon cancers with MMR defect, there
was no significant difference for PFS (p = 0.48) and OS
(p = 0.56) between CAPOX and FOLFOX as a first-line
combination chemotherapy. However, with only 10 MMR-
defect patients, it would be very unlikely to show a sig-
nificant difference between treatments. With a larger study
with more MMR-defect patients, a difference between
treatment arms may be demonstrated. In colon cancers with

MMR intact, there was a significant difference for OS
(p = 0.04) between CAPOX and FOLFOX. Thus, OS was
significantly better in patients treated with CAPOX when
compared to patients treated with FOLFOX. This finding of
our study is similar to that of Jensen [32]. Jensen et al.
reported that the higher gene expression of MSH2 in
responders, and the trend for predicting overall survival,
indicated a predictive value of this marker in the treatment
of advanced CRC with capecitabine [32].

In this study, 125 patients were assessed for p53
expression by immunostaining. About 69% (86/125) of
patients tested positive for the p53 protein expression. The
p53 expression is known to occur more often in well/
moderated-differentiated tumors [40-42]. The largest study
on pS3 overexpression in early stage colorectal cancer
demonstrated no significant prognostic value of p53 protein
overexpression in 465 colon cancer samples [43]. How-
ever, in advanced colon cancer, there has been no con-
sensus for the p53 as a prognostic marker. In this study, the
status of p53 expression did not have a significant impact
on DFS and OS in patients with recurrent or metastatic
colon cancer treated with CAPOX or FOLFOX as a first-
line combination chemotherapy. According to the p53
status, there was no significant difference for response rate,
PES, and OS between CAPOX and FOLFOX. Thus, p53
expression status may not be an indicator of prognosis in
colon cancer.

In our study, OS seems more favorable than those
reported in previous studies; one of the plausible expla-
nations for such observation may owe to high proportion of
patients with complete metastatectomy (54/171 (32%)).
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To conclude, MMR status and p53 status did not seem to

be viable predictive markers in evaluating outcomes in
recurrent or metastatic colon cancer cases treated with
CAPOX or FOLFOX, as we did not find a significant dif-
ference in clinical outcomes according to MMR and p53
status. However, we found that advanced colon cancer
might have a different chemosensitivity, according to the
MMR status. Future studies for treatment in recurrent or
metastatic colon cancer must include various tailored
chemotherapy strategies according to the status of potential
prognostic markers, such as MMR status, pS3, SMAD4,
thymidylate synthetases, and K-ras.
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