
Abstract. Background: Microsatelitte instability (MSI) is
the consequence of the inactivation of a mismatch repair
gene and is observed in ~15% of colon cancer cases.
Patients with MSI colon cancer do not benefit from 5-
fluorouracil (5-FU)-based chemotherapy. A current
treatment of reference for colon cancer is a combination of
5-FU and oxaliplatin (FOLFOX). The aim of this study was
to determine the efficiency of the FOLFOX treatment in
patients with metastatic MSI colon cancer. Patients and
Methods: Tumour specimens were collected from patients
with metastatic colon cancer treated with FOLFOX 4
modified or FOLFOX 6; these two regimens are based on
85 mg/m2 and 100 mg/m2 oxaliplatin, respectively. The MSI
status was assessed by measuring the length of five
monomorphic mononucleotide markers. The FOLFOX
regimen was evaluated as a first-line treatment according to
WHO criteria. Results: Forty patients (22 men, 18 women),
median age 63.5 years (27-83 years) were treated with
FOLFOX 4 or 6. Nine patients had tumours exhibiting high
MSI (MSI group) and 31 patients had tumours exhibiting
microsatellite stability (MSS group). In the MSS group, 11
partial responses (36%) were observed, while there were
only two in the MSI group (22%) (no significant
difference). The two patients who were responders in the
MSI group were treated with FOLFOX 6. The overall
survival was not significantly different for MSI and MSS
patients. Conclusion: No significant differences in the

overall response rate or overall survival between the two
groups of patients were observed. However, these results
suggest that patients with MSI colon cancer are more
sensitive to a higher dose of FOLFOX.

Colorectal cancer (CRC) is the third most common cancer
and the fourth most frequent cause of cancer death worldwide
(1). Nearly half of the patients with CRC develop a metastatic
disease (2). Fifteen percent of sporadic CRC display multiple
errors in repetitive DNA sequences (microsatellites) that are
absent in normal tissue – a phenotype termed microsatellite
instability (MSI) (3). This is due to a failure of the DNA
mismatch repair (MMR) complex to edit errors made during
DNA replication. The main causes of MSI in CRC are:
silencing of the hMLH1 gene by promoter methylation in
most sporadic cases (4) and germline mutations of the MMR
genes (hMLH1, hMSH2, hMSH6, hPMS2) in hereditary non-
polyposis colorectal cancer (HNPCC) (5, 6). CRC with MSI
have clinical and pathological features that distinguish them
from microsatellite stable (MSS) tumours (1), particularly,
MSI has been associated with a significantly better prognosis
in CRC (7).

For decades, the only effective first-line treatment for
metastatic CRC was 5-fluorouracil (5-FU). Recently, the
combination of 5-FU with oxaliplatin (FOLFOX) has become
a worldwide standard for the treatment of metastatic CRC (8,
9). Two schedules are routinely proposed: FOLFOX 4 and
FOLFOX 6 with higher doses of 5-FU and oxaliplatin (8). 

However, the benefit from chemotherapy based on
monotherapy with 5-FU in tumours with MSI is difficult to
evaluate and remains controversial. A substantial benefit in
survival for CRC patients with MSI when compared to MSS
CRC patients was suggested by initial studies conducted in
an adjuvant setting (10, 11), but more recent studies did not
confirm this (12-15). In favour of the latter is the
demonstration that chemosensitivity to 5-FU requires a
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functional MMR system (16). Therefore, the search for
chemotherapeutic agents that may circumvent the
mechanism of 5-FU resistance in CRC with MSI remains a
critical issue. 

To date, the efficiency of the FOLFOX therapy has not
been evaluated according to the microsatellite status in
metastatic CRC. This study aimed at determining whether
there is a relationship between the microsatellite status and
the efficiency of chemotherapy with FOLFOX in patients
with metastatic CRC.

Patients and Methods

Patients and treatments. Specimens from 40 patients with
histologically confirmed metastatic CRC were studied. Patients
were selected by screening of the database of the Hôpital
Avicenne, Institut Curie and Hôpital du Raincy-Montfermeil,
France. All analysed specimens were derived from the primary
tumour. The patients had liver, lung, node metastases or peritoneal
carcinomatosis. In all cases the disease was assessable and
measurable. The initial evaluation of disease was carried out by
computed tomography and chest X-ray. The size of lesions was at
least 1 cm in diameter. 

All patients were treated with FOLFOX regimens in first-line
metastatic setting. The FOLFOX regimens consisted of a
combination of folinic acid, 5-FU bolus and continuous infusion of
oxaliplatin. The twelve patients from the Medical Oncology
Department of Avicenne were treated with FOLFOX 4m
(modified); the treatment consisted of leucovorin 200 mg/m2

concurrent with oxaliplatin 85 mg/m2 given as a 2-h infusion,
followed by bolus 5-FU 400 mg/m2 and a 46-h infusion of 5-FU
1800 mg/m2, repeated bi-weekly. The treatments in the Medical
Oncology Departments of the Institut Curie and Hôpital du
Raincy-Montfermeil were based on FOLFOX 4 (17) for 11 patients
and on FOLFOX 6 for 17 patients. FOLFOX 6 consisted of
leucovorin 200 mg/m2 concurrent with oxaliplatin 100 mg/m2 given
as a 2-h infusion, followed by bolus 5-FU 400 mg/m2 and a 46-h 
5-FU infusion 2400 mg/m2, repeated bi-weekly. An evaluation was
performed using computed tomography of the abdomen and chest
X-ray after three and six months and at the end of the treatment.
FOLFOX treatment was continued until tumour progression or
occurrence of toxicity. Second- and third-line treatments were
optional, generally based on a FOLFIRI regimen (combination of
leucovorin, 5-FU and irinotecan) or a combination of irinotecan
and cetuximab, or capecitabine. The World Health Organisation
criteria were used to assess tumour response (response rate,
duration of response, progression-free survival and overall
survival). The response to the treatment was scored as complete,
partial, minor or stable. A minor response was defined as a
measurable decrease in the size of indicator lesions not meeting
the criteria for a partial response (i.e., a decrease in the size of the
lesion comprised between 25% and 50%) (18).

Determination of the microsatellite status. Blocks of formaldehyde-
treated paraffin-embedded specimens were obtained and fractions
selected by pathologists were microdissected and the DNA was
extracted using a QIAamp DNA Minikit (Qiagen, Courtaboeuf,
France) following the manufacturer’s recommendations. Five
quasimonomorphic mononucleotide markers (NR21, NR24, NR27,

BAT 25, BAT26) were studied, without the need for matching
normal DNA as previously described (19). The five loci were
amplified by pentaplex PCR. The sizes of the markers were
measured with an Abi Prism®3100-Avant Genetic Analyzer
(Applied Biosystems, Courtaboeuf, France) and data were analysed
with the Genotyper software (Applied Biosystems). Specimens with
a minimum of three unstable markers were scored as highly
unstable (MSI-H), whereas specimens with less than three unstable
markers were scored as stable (MSS). There were no specimens
with only two unstable markers.

Statistical analysis. For the analysis of the outcome, patients were
classified according to their MSI-H or MSS status. The
independence of qualitative factors was tested using Fisher’s exact
test and the means of both groups were compared using Student’s
t-test. Survival times were analysed using Kaplan-Meier curves and
compared using the log-rank test. For multivariate analysis
adjusting for predictive factors, the independent effect of
prognostic factors on survival was assessed by the Cox’s
proportional hazard model. Statistical analyses were carried out
using SAS, version 8.2 (SAS Institute Inc., Cary, NC, USA).

ANTICANCER RESEARCH 27: 2715-2720 (2007)

2716

Table I. Clinical characteristics of 40 patients with metastatic colorectal
cancer.

Tumour status p-value
no. (%)

MSI-H MSS
(N=9) (n=31)

Median age (years) range 51 (30-83) 64 (32-80) NS
Gender

Male 3 (33) 19 (61)
Female 6 (67) 12 (39) NS

Pathology
Mucinous (colloidal form) 5 (56) 2 (6) 0.004

Tumour site
Right colon 6 (67) 3 (10) 0.02
Left colon 2 (22) 13 (42)
Rectum 1 (11) 15 (48)

Metastases
Synchronous 5 (56) 23 (74)
Metachronous 4 (44) 8 (26) NS

Location of metastases
Liver 6 (67) 24 (77)
Lung 1 (11) 3 (10)
Peritoneum 3 (33) 7 (23) NS

Response
Complete response 1 (11) 1 (3)
Partial response 1 (11) 10 (32)
Minor response 4 (44) 7 (23)
Stable disease 2 (22) 6 (19)
Progressive disease 1 (11) 6 (19) NS
Not evaluated - 1 (3)

Objective response
FOLFOX 4 modified 0 (0) 6 (19)
FOLFOX 6 2 (22) 5 (16) NS



Results

Characteristics of the patients and their microsatellite instability
status. The characteristics of patients are summarized in
Table I. Nine (22%) out of the 40 tissue specimens, exhibited
MSI and 31 (78%) were MSS. Among the nine patients with
MSI-H tumours, four had characterised HNPCC syndrome
with familial antecedents and were less than 40 years old. 

The median age of the nine patients with MSI was 51 years
(30-83 years) versus 64 years (32-80 years) for the other
patients (p=0.08). The mucinous (colloidal) character of
tumours was significantly associated with MSI-H
adenocarcinomas (p=0.004). The tumours were preferentially
located in the right colon or in the caecum of the patients
with MSI-H tumours (six MSI-H tumours versus three MSS
tumours) (p=0.02). A synchronous metastatic disease was
observed in five MSI-H tumours and in 23 MSS tumours. The
metastases were mainly hepatic, independently of
microsatellite stability. However, peritoneal carcinomatosis
tended to be more frequent in MSI-H tumours: 3 patients
versus 7 patients for MSS tumours (not significant). 

Relationship between microsatellite status and response rate.
The overall response rates were similar for both groups: two
out of the nine patients versus eleven out of the 30 evaluable
patients in the MSI-H and MSS groups, respectively (non

significant see; Table I). Of the nine MSI-H patients, two
achieved an objective response, three a minor response,
three achieved a stable disease (SD) and one had a
progressive disease. Importantly, the two MSI-H objective
responders were treated with FOLFOX 6.

Among the four patients with HNPCC syndrome, one
had an objective response, two a minor response and one
had a progressive disease.

Relationship between the microsatellite status and survival. The
median follow-up was 23 months, range: 4-102 months.
Twenty-six patients (65%) died following tumour progression.
The median progression-free survival was similar for both
groups: 8.6 months (3-10.1 months) versus 8.3 months (2-73.6
months) for the MSI-H and MSS groups, respectively (not
significant). The median overall survival was 16 months (3-32
months) in MSI-H patients and 22.5 months (2-73.6 months)
in MSS patients (log-rank test, p=0.16; Figure 1).

The multivariate Cox analysis indicated a tendency
towards an inverse relationship between survival and
extension of the disease. Patients with synchronous
metastatic disease had a relative mortality rate (hazard ratio)
of 3 (95% CI: 0.8-13.3; p=0.06) compared to patients with
metachronous metastases. However, microsatellite stability
status, response rate, gender and age were not associated
with survival in the multivariate analysis (data not shown). 
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Figure 1. Kaplan-Meier curves for overall survival of 40 patients with metastatic colorectal cancer stratified by microsatellite status.



Discussion

We found no difference in the overall response rates or in
the overall survival between patients with MSI-H and MSS
colorectal tumours, implying that MSI is not a predictive
factor for FOLFOX treatment in metastatic CRC. However,
our results suggest that MSI-H patients may benefit from
higher doses (FOLFOX 6 regimen). 

This is the first study analysing the relationship between
the microsatellite stability and the efficiency of chemotherapy
in patients treated with FOLFOX in first-line therapy of
metastatic CRC. The determination of MSI was performed
with a method which is based on five quasimonomorphic
mononucleotide markers and does not require normal tissue,
thus facilitating retrospective analysis. Indeed, the
characteristics of MSI-H tumours were similar to published
data (13, 20) with a 22% incidence of MSI-H, a right-colon
location and a mucinous form. Four of the MSI-H patients
had HNPCC, this may explain the lower mean age in MSI-H
patients (51 years) versus 63 years in MSS patients. In
accordance with the low frequency of metastases at the time
of diagnosis (10, 21), and with the better prognosis of MSI-H
CRC (7), we found that 56% of the patients with MSI had
synchronous metastatic disease and 74% of patients with
MSS had synchronous metastatic disease. 

Neither the overall response rate nor overall survival were
significantly different in MSI-H and MSS groups suggesting
that the efficiency of FOLFOX chemotherapy was
independent of the MSI status. This is in accordance with the
fact that the MMR system is little involved in recognition of
oxaliplatin adducts in DNA (22) and that MMR-deficient cells
are not resistant to oxaliplatin (22, 23). However, the two
MSI-H patients who experienced an objective response were
treated by the FOLFOX 6 regimen, which combines high
doses of 5-FU and oxaliplatin. Interestingly, high-doses of 5-
FU and leucovorin correlated with a better survival of stage
IV sporadic MSI-H CRC (24). Moreover, the use of a weekly
high dose of 5-FU-based chemotherapy was associated with a
higher response rate and a significantly longer median survival
in MSI-H patients with metastatic CRC than in MSS patients
(25). Such better efficiency of highly dosed 5-FU-based
chemotherapy in MSI-H tumours may be explained by the fact
that the expression of high levels of thymidylate synthase (TS)
has been associated with the 5-FU-resistance of MSI-H
tumours (26). It is possible that increasing the doses of 5-FU
allows cytotoxic intracellular concentrations to be reached and
overcomes the high TS expression. Although our results need
confirmation with more cases, they suggest that the use of
high doses of 5-FU combined (in our study) with high doses of
oxaliplatin (FOLFOX 6 regimen) may improve the response
rate in patients with MSI-H CRC. Moreover, they suggest for
the first time that the FOLFOX 6 regimen is efficient
independantly of the MSI phenotype.

Although we did not observe significant differences either
in response rate or in overall survival in the metastatic
setting, additional studies are necessary to establish whether
MSI could be a significant predictive factor for response and
survival in CRC patients treated with a FOLFOX in stage II
CRC. Currently, the GI Intergroup is conducting an Eastern
Cooperative Oncology Group (ECOG)-coordinated study
(E5202) of stage II patients to prospectively study the role
of microsatellite stability and allelic loss of chromosome 18q
(another marker of prognosis). Altogether, microsatellite
stability and loss of heterozygosity will be used to risk-stratify
stage II patients and determine who should receive
FOLFOX with bevacizumab (antibody targeting VEGF) as
adjuvant chemotherapy (27).
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