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Aim: Some retrospective studies have shown a lack of benefit of 5-fluorouracil (5-FU) adjuvant
chemotherapy in patients with mismatch repair (MMR) deficient colorectal cancer. Our aim was to assess if
this molecular marker can predict benefit from 5-FU adjuvant chemotherapy. A second objective was to
determine if MMR status influences short term survival.
Methods: We included 754 patients with a median follow up of 728.5 days (range 1–1097). A total of
260 patients with stage II or III tumours received 5-FU adjuvant chemotherapy, according to standard
clinical criteria and irrespective of their MMR status. A tumour was considered MMR deficient when either
BAT-26 showed instability or there was loss of MLH1 or MSH2 protein expression.
Results: At the end of the follow up period, 206 patients died and 120 presented with tumour recurrence.
Sixty six (8.8%) patients had MMR deficient tumours. There were no significant differences in overall
survival (MMR competent 72.1%; MMR deficient 78.8%; p = 0.3) or disease free survival (MMR competent
61.3%; MMR deficient 72.3%; p = 0.08). In patients with stage II and III tumours, benefit from 5-FU
adjuvant chemotherapy was restricted to patients with MMR competent tumours (overall survival:
chemotherapy 87.1%; non-chemotherapy 73.5%; log rank, p = 0.00001). Patients with MMR deficient
tumours did not benefit from adjuvant chemotherapy (overall survival: chemotherapy 89.5%; non-
chemotherapy 82.4%; log rank, p = 0.4).
Conclusions: Benefit from 5-FU adjuvant chemotherapy depends on the MMR status of tumours in patients
with colorectal cancer. 5-FU adjuvant chemotherapy improves survival in patients with MMR competent
tumours but this benefit from chemotherapy cannot be extended to patients with MMR deficient tumours.

C
olorectal cancer is the third leading cause of cancer
mortality in developed countries, after lung cancer in
men and breast cancer in women. In Spain, colorectal

cancer is responsible for approximately 3% of overall
mortality.1 There are different pathogenic pathways leading
to colorectal cancer development,2 3 and approximately 15%
of colorectal tumours are caused by inactivation of DNA
mismatch repair (MMR) genes such as MLH1, MSH2, MSH6,
PMS2, or MSH3. These types of tumours display frameshift
mutations and base pair substitutions in microsatellites,4 5

which are repetitive genetic loci (1–5 base pairs repeated 15–
30 times). This form of genetic destabilisation is referred to as
microsatellite instability (MSI). MMR deficiency is present in
most cases of hereditary non-polyposis colorectal cancer and
approximately 15% of sporadic cases. In hereditary cases the
cause is mutational inactivation of one of the MMR genes,
while in sporadic cases the cause is epigenetic biallelic
methylation of the promoter sequences of MLH1. Colon
cancers with MMR deficiency have clinical and pathological
characteristics that distinguish them from microsatellite
stable tumours, they tend to be proximal to the splenic flexure,
poorly differentiated, mucinous, show marked lymphocyte
infiltration, and frequently have a larger size.5 Moreover,
MMR deficient tumours seem to have a better prognosis,6–9

and although some studies have not found an association with
prognosis in patients with MMR tumours, a recent systematic
review provides evidences that confirms this relationship
between MMR deficient tumours and better prognosis.8

To date, tumour stage at diagnosis has been the only
parameter that helps in predicting benefit from adjuvant
therapy. A clear benefit of 5-fluorouracil (5-FU) based
chemotherapy has been shown in stage III tumours, and
this benefit could be extended to IIb stage tumours.10

However, evidences from in vitro studies suggest that colon
cancer cells with MMR deficiency may have a lesser response
to chemotherapeutic agents, particularly to 5-FU.11 Data from
clinical retrospective studies suggest a lack of efficacy of 5-FU
based chemotherapy in patients with MMR deficient colo-
rectal cancer.12–14 In these patients, 5-FU adjuvant chemother-
apy does not increase overall and disease free survival.14 In
spite of this, no changes in clinical practice have been made
according to these findings.

The aim of our study was to define the relationship
between MMR status and benefit from adjuvant 5-FU
chemotherapy in colorectal cancer. A second objective was
to evaluate whether MMR status influences three year overall
survival and disease free survival. To address these issues, we
designed a nested prospective investigation within the
EPICOLON study, a nationwide multicentre study aimed at
establishing the most effective and efficient strategy for
identification of patients with hereditary non-polyposis
colorectal cancer.15

Abbreviations: MMR, mismatch repair; 5-FU, 5-fluorouracil; MSI,
microsatellite instability; TNM, tumour, node, metastases
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PATIENTS AND METHODS
Between November 2000 and October 2001, all newly
diagnosed colorectal cancer patients in 25 hospitals were
included in the EPICOLON study, a clinical epidemiology
survey aimed at establishing the incidence of hereditary non-
polyposis colorectal cancer in Spain.15 16 Ten of these 25
centres agreed to participate in a nested prospective follow up
investigation. Exclusion criteria were familial adenomatous
polyposis, personal history of inflammatory bowel disease,
and patient’s refusal to participate in the study. The study
was approved by the institutional ethics committee of each
participating hospital, and written informed consent was
obtained from all patients.

The integrity of the MMR system was evaluated by MSI
testing and immunostaining for MSH2 and MLH1 proteins.
Both tests were performed in all patients. To avoid variability
in the quality of results, MSI testing and immunostaining
were centralised in two separate centres. Tumour MMR
deficiency was defined when either BAT-26 showed MSI or
immunohistochemistry showed loss of MLH1 or MSH2
protein expression. Analysis of germline mutations in both
MLH1 and MSH2 genes was performed following a method
described previously.15

Adjuvant chemotherapy was administered according to
standard clinical criteria17–20 regardless of the MMR status of
the tumours. Adjuvant chemotherapy with 5-FU was given to
patients with stage II and III tumours following standard
schedules and doses. Oncologists that decided adjuvant
treatment were blinded to MMR tumour status.

Tumour MSI analysis
Tissue samples from tumour and normal colonic mucosa
were obtained from each patient and DNA was extracted
from them. In those cases in which fresh tissue was not
available, archival formalin fixed, paraffin embedded samples
were used. Genomic DNA was isolated using the QiaAmp
Tissue Kit (Qiagen, Courtaboeuf, France).

MSI status was assessed using the BAT-26 mononucleotide
marker, based on its high sensitivity as a marker for tumour
instability.21–24 Primers were fluorescently labelled and
analysed on an ABI 310 Genetic Analyser using GeneScan
Analysis software (Applied Biosystems, Foster City,
California, USA).

Tumour MSH2 and MLH1 protein expression
One block of formalin fixed, paraffin embedded tumour
tissue was selected per case. Before immunostaining, antigen
retrieval was performed by immersing sections in a 10 mmol/l
concentration of citrate buffer, pH 6.0, and boiling in a pressure
cooker for five minutes. Sections were then incubated for
20 minutes at room temperature with mouse monoclonal
antibodies against MLH1 protein (clone G168-15, dilution
1:40; PharMingen, San Diego, California, USA) and MSH2
protein (clone FE11, dilution 1:35; Oncogene Research
Products, Boston, Massachusetts, USA). Ultra-Vision streptavi-
din-biotin peroxidase detection kit (Dako, Carpinteria,
California, USA) was used as secondary detection system. The
peroxidase reaction was developed using diaminobenzidine
tetrachloride as chromogen. Tumour cells were judged to be
negative for protein expression only if they lacked staining in a
sample in which normal colonocytes and stroma cells were

Table 1 Characteristics of the patients

MMR competent
(n = 688)

MMR deficient
(n = 66) p Value

Age (y) (mean (SD) 70.0 (11.1) 68.8 (14.5) 0.4
Sex (n (%)) 0.0001

Males 427 (62) 22 (34)
Females 261 (38) 44 (66)

TNM (n (%)) 0.06
Stage I 99 (14) 4 (6)
Stage II 261 (38) 35 (53)
Stage III 191 (28) 18 (27)
Stage IV 137 (20) 9 (14)

Follow up (days) (mean) 610 599 0.8
Chemotherapy (n (%)) 330 (48) 23 (35) 0.04
Vital status (n (%))

Dead 192 (28) 14 (21) 0.3
Recurrence (n (%)) 113 (20) 7 (12) 0.1

p Values were calculated using the x2 test.
MMR, mismatch repair; TNM, tumour, node, metastases.
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Figure 1 Overall survival (A) and
disease free survival (B) in the whole
series of mismatch repair (MMR)
deficient and competent tumours.

Table 2 Overall survival and disease free survival
according to tumour, node, metastases (TNM) stage

MMR competent MMR deficient p Value

Stage I
Overall survival 92/99 (93%) 4/4 (100%) 0.6
Disease free survival 82/99 (83%) 4/4 (100%) 0.3

Stage II
Overall survival 222/261 (85%) 31/35 (89%) 0.6
Disease free survival 196/261 (75%) 28/35 (80%) 0.5

Stage III
Overall survival 143/191 (75%) 14/18 (78%) 0.8
Disease free survival 117/191 (61%) 13/18 (73%) 0.4

Stage IV
Overall survival 39/137 (28%) 3/137 (33%) 0.7

p values were calculated using the log rank value.
MMR, mismatch repair.
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stained. If no immunostaining of normal tissue could be
demonstrated, the results were considered ambiguous.

Statistical analysis
Continuous variables are reported as mean (SD) and
categorical variables as frequency or percentages. Statistical
differences of basal characteristics between groups were
analysed using the x2 test for categorical data applying Yates’
correction when required and the Mann-Whitney U test for
quantitative data.

The primary outcomes were overall survival and disease
free survival. Both analyses were performed in the whole
series as well as in the subset of patients with stage II and III
tumours to specifically evaluate the effect of MMR status on
the benefit from adjuvant chemotherapy. Overall survival
was defined as the time from study entry to death and
disease free survival was defined as the time from study entry
to death from any cause or the first relapse. Data on overall
and disease free survival were censored at 1100 days from the
date of diagnosis. Survival curves were generated according
to the Kaplan-Meier method and univariate survival dis-
tributions were compared with the use of the log rank test.
Intervals of confidence were calculated using the standard
error of survival calculated according to the Greenwood
method.

A multivariant analysis of hazard risk of death or tumour
recurrence, adjusted for tumour, node, metastases (TNM)
stage of disease, age, and sex, was performed using Cox
proportional hazards regression in a stepwise manner to test
the effect of MSI, adjuvant chemotherapy, and interaction

term between MMR status and chemotherapy. Hazard ratios
and 95% confidence interval (95% CI) for death were
computed using Cox survival modelling.

All reported p values are two sided, and p values of less
than 0.05 were considered to indicate significance. All
calculations were performed using SPSS 10.0 software.

RESULTS
Influence of mismatch repair status on colorectal
cancer prognosis
We followed 754 patients. Median follow up was 728.5 days
(range 1–1097). Sixteen patients (2.1%) were not operated on
due to advanced disease. The rest were surgically treated.
Characteristics of the patients at diagnosis, according to
MMR status, are shown in table 1. Seven patients had
germline mutations in MLH1 (n = 5) or MSH2 (n = 2) genes.
Thirty two patients (4.2%) were lost to follow up but they
were not excluded from the study and their data were
included in the survival analysis until the date of loss. At the
end of the follow up period, 206 patients had died (27.3%),
with a median of 300 days after inclusion (range 1–953).
Twenty patients died in the postoperative period (the first
30 days post-surgery) and 135 patients died due to tumour
progression. Causes of death of the remaining patients were:
late post-surgical complications (12 patients), complications
of chemotherapy (10 patients), and other causes (26
patients). Tumour recurrence was seen in 120 (15.9%)
patients, at a mean of 438.1 (215.1) days after surgery
(median 420.5 (range 23–1015)). Of the 754 patients, 66
(8.8%) had tumours with MMR deficiency.

Table 3 Characteristics of stage II and III patients with mismatch repair (MMR) competent
versus MMR deficient tumours

MMR competent
(n = 452)

MMR deficient
(n = 53) p Value

Age (y) 70.8 (10.7) 69.2 (14.2) 0.3
Sex (n (%)) 0.02

Males 267 (59) 19 (36)
Females 185 (41) 34 (64)

Adjuvant 5-FU chemotherapy (%) 241 (53) 19 (36) 0.02
Vital status (n (%))

Dead 87 (19) 8 (15) 0.4
Recurrence (n (%)) 103 (23) 7 (13) 0.4
Survival (days) (95% CI) 940 (910–970) 940 (853–1028) 0.5
Disease free survival (days) (95% CI) 884 (854–915) 970 (897–1042) 0.1

p values were calculated using the log rank value.
MMR, mismatch repair; 5-FU, 5-fluorouracil; 95% CI, 95% confidence interval.
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Figure 2 Overall survival (A) and
disease free survival (B) in patients with
stage II and III disease, according to
mismatch repair (MMR) status (deficient
or competent).
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Chemotherapy was given to 353 patients; 257 (72.8%)
received adjuvant chemotherapy, 24 (6.8%) received neoad-
juvant chemotherapy, and 72 (20.4%) palliative chemother-
apy. Chemotherapy was 5-FU based in 320 of these patients
(90.6%).

In a pooled analysis not adjusted for the chemotherapy
treatment received, there were no differences in overall
survival rate (MMR competent 72.1%; MMR deficient 78.8%;
x2, p = 0.3) or disease free survival at the end of follow up
(MMR competent 61.3%; MMR deficient 72.3%; x2, p = 0.08)
between patients with MMR competent and MMR deficient
tumours (fig 1A, 1B). This lack of difference in survival and
disease free survival remained invariable when we excluded
patients who died in the postoperative period (data not
shown). We did not find differences in overall survival or
disease free survival according to MMR status for any of the
TNM stages (table 2). In addition, interaction between MMR
status and TNM stage, calculated using a Cox proportion
hazard model multivariate analysis, did not achieve statistical
significance for overall survival (1.27 (95% CI 0.30–5.43);
p = 0.743) or disease free survival (1.01 (95% CI 0.31–3.35);
p = 0.984).

Influence of MMR status on prognosis of patients with
locally advanced non-metastatic colorectal cancer
We followed 505 patients with stage II or III disease. Median
follow up time was 721 days (range 1–1096). Characteristics
of patients according to MMR status can be seen in table 3.
Eighteen patients (3.6%) were lost to follow up. At the end of
follow up, 95 (18.8%) patients had died and 110 (21.8%) had
tumour recurrence. A total of 125 patients with stage II
(42.2%) and 135 patients with stage III (64.6%) disease
received chemotherapy (p = 0.0001). Patients who received

chemotherapy were younger (65.5 (10.2) v 76.1 (9.3) years
old; p = 0.0001) and there were no differences regarding sex,
days of follow up, or percentage of patients lost to follow up
between patients who received adjuvant chemotherapy and
patients who did not. Adjuvant chemotherapy was more
frequently administered to stage II and stage III cancer
patients with MMR competent colorectal tumours (stage II
treated patients: MMR competent 44%; MMR deficient 29%
(p = 0.08); stage III treated patients: MMR competent 66%;
MMR deficient 50%; p = 0.2), albeit the indication for
treatment was decided by physicians blind to the MMR
status of the tumours (table 3). There were no differences in
survival or disease free survival between stage II and III
patients according to MMR status (table 3; fig 2A, 2B). In
stage II or III, adjuvant chemotherapy was based on 5-FU in
all but nine patients. In these nine patients, 5-FU was
contraindicated due to a previous thrombosis event. All nine
patients had stable tumours and were excluded from the
benefit of 5-FU chemotherapy analysis.

Patients treated with adjuvant chemotherapy showed
better overall survival (chemotherapy 999 days (95% CI
972–1026); non-chemotherapy 865 days (95% CI 819–915);
p = 0.0001) and disease free survival (chemotherapy
861 days (95% CI 830–901); non-chemotherapy 779 days
(95% CI 727–831); p = 0.003) (table 4). These differences
were significant in both stage II and III disease (data not
shown).

Effect of MMR status on survival according to
chemotherapy treatment
Patients with MMR competent tumours who received
adjuvant chemotherapy had a higher probability of survival
(adjuvant chemotherapy 87.1 % (95% CI 82.8–91.4); non-

Table 4 Univariate survival analysis according to treatment received

No
Probability of survival
(95% CI) p Value

Probability of disease
free survival (95% CI) p Value

All patients 505
Adjuvant CT 260 87.3 (83.2–91.4) 0.0001 73.8 (68.3–79.3) 0.0025
Non adjuvant CT 245 74.7 (69.1–80.3) 66.1 (60.1–72.1)

MMR competent 452
Adjuvant CT 241 87.1 (82.8–91.4) 0.0001 73.9 (68.2–79.6) 0.0004
Non adjuvant CT 211 73.5 (67.4–79.6) 64.0 (57.4–70.6)

MMR deficient 53
Adjuvant CT 19 89.5 (75.4–103.6) 0.4 73.7 (53.5–93.9)
Non-adjuvant CT 34 82.4 (69.3–95.5) 79.4 (65.5–93.3) 0.9

p values were calculated using the x2 test.
95% CI, 95% confidence interval; CT, chemotherapy; MMR, mismatch repair.
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Figure 3 Overall survival of patients
with mismatch repair (MMR) competent
tumours (A) or MMR deficient tumours
(B) regarding treatment received.
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adjuvant chemotherapy 73.5% (95% CI 67.4–79.6);
p = 0.0001) and disease free survival (adjuvant chemother-
apy 73.9 % (95% CI 68.2–79.6); non-adjuvant chemotherapy
64.0% (95% CI 57.4–70.6); p = 0.0004) (table 4; figs 3A, 4A).
In contrast, adjuvant chemotherapy did not improve the
probability of survival (adjuvant chemotherapy 89.5% (95%
CI 75.4–103.6); non-adjuvant chemotherapy 82.4% (95% CI
69.3–95.5); p = 0.4) or the probability of disease free survival
(adjuvant chemotherapy 73.7 % (95% CI 53.5–93.9); non-
adjuvant chemotherapy 79.4% (95% CI 65.5–93.3); p = 0.9) in
MMR deficient patients (table 4; figs 3B, 4B). These trends
were consistently maintained in subgroup analysis according
to disease stage. Thus treatment was not associated with
better overall survival or disease free survival in stage II or
stage III patients with MMR deficient tumours.

Effect of chemotherapy on survival according to
MMR status
Patients who received adjuvant chemotherapy showed the
same probability of survival (MMR competent 87.1% (95% CI
82.8–91.4); MMR deficient 89.5% (95% CI 75.4–103.6);
p = 0.8) and disease free survival (MMR competent 73.9%
(95% CI 68.2–79.6); MMR deficient 73.7% (95% CI 53.5–
93.9); p = 0.8) independently of their MMR status (table 5;
figs 5A, 6A). In patients who did not receive adjuvant
chemotherapy, the probability of survival (MMR competent
73.5% (95% CI 67.4–79.6); MMR deficient 82.4% (95% CI
69.3–95.5); p = 0.3) and disease free survival (MMR compe-
tent 64.0% (95% CI 57.4–70.6); MMR deficient 79.4% (95% CI
65.5–93.3); p = 0.06) were better when tumours were MMR
deficient, but the differences did not reach statistical
significance (table 5; figs 5B, 6B).

Interaction between MMR status and chemotherapy
calculated in a Cox proportion hazard model multivariate
analysis, adjusted by sex, age, and TNM stage was
statistically significant, thus suggesting differences between
the MMR groups regarding chemotherapy effectiveness
(table 6).

DISCUSSION
In this prospective study, we showed that MMR status in
colorectal cancer may predict adjuvant chemotherapy
response. Thus while in general, patients with stage II or III
disease who received 5-FU based adjuvant chemotherapy had
a better overall survival and disease free survival, this benefit
was found only in patients with MMR competent tumours.
Patients with MMR deficient tumours did not have a better
survival or disease free survival when they received 5-FU
adjuvant chemotherapy. The results remained unchanged
when we stratified according to TNM stage. Conversely,
when we analysed the efficacy of treatment received
according to MMR status, we found that patients with
MMR deficient tumours who did not receive adjuvant
chemotherapy had a slightly better survival and disease free
survival than patients with MMR competent tumours, even
though the analysis failed to reach statistical significance.

Several studies have evaluated the benefit of adjuvant
chemotherapy according to MMR status of colorectal
tumours. In vitro studies have shown that DNA MMR
deficiency might be responsible for tumour resistance to
5-FU, and MMR deficient colon cancer cells are not as readily
killed by this agent as mismatch competent cells.11 25 This is
probably due to the fact that chemosensitivity may be related
to 5-FU incorporation into tumour DNA by MMR proteins.26

Several clinical studies have also addressed this issue. While
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Figure 4 Disease free survival of
patients with mismatch repair (MMR)
competent tumours (A) or MMR
deficient tumours (B) according to the
treatment received.

Table 5 Univariate survival analysis according to microsatellite status

n
Probability of survival
(95% CI) p Value

Probability of disease
free survival (95% CI) p Value

All patients 505
MMR competent 452 80.7 (77.0–84.4) 0.5 69.2 (64.9–73.5) 0.2
MMR deficient 53 84.9 (75.1–94.7) 77.3 (65.8–88.8)

Chemotherapy 260
MMR competent 241 87.1 (82.8–91.4) 0.8 73.9 (68.2–79.6) 0.8
MMR deficient 19 89.5 (75.4–103.6) 73.7 (53.5–93.9)

Non-chemotherapy 245
MMR competent 211 73.5 (67.4–79.6) 0.3 64.0 (57.4–70.6) 0.06
MMR deficient 34 82.4 (69.3–95.5) 79.4 (65.5–93.3)

p values were calculated using the x2 test.
95% CI, 95% confidence interval; CT, chemotherapy; MMR, mismatch repair.
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some did not find any differences in chemotherapy response
between patients with MMR deficient and MMR competent
tumours,12 27 28 others found a better prognosis in patients
with MMR deficient tumours that received adjuvant chem-
otherapy.29 30 Potential drawbacks of these studies could be
related to patient selection and the nature of the comparisons
performed. The study of Elsaleh and colleagues29 showed a
significant difference in mortality between patients with MSI
and microsatellite stable tumours. The study was a retro-
spectively selected series of patients with stage III colon
cancer diagnosed over a period of nine years, probably with
important differences in clinical management over time.
Hemminki and colleagues30 did not take into account patients
who did not receive adjuvant chemotherapy, and the good
prognosis showed in treated patients could be related to the
intrinsic good prognosis of MSI tumours. Those studies did
not investigate if MMR status could predict adjuvant
chemotherapy benefit. Three studies have shown data
suitable for examining the benefit of adjuvant chemotherapy
in stage II or III colorectal cancer according to MMR status of
the tumours.12–14 Two of these showed the benefit of
chemotherapy in patients with microsatellite stable tumours
and no benefit in patients with MSI tumours13 14; the other
study did not show any significant differences.12 A pooled
analysis,8 that included the studies of Ribic and colleagues14

and Barrat and colleagues,12 showed a lack of benefit from
adjuvant 5-FU in patients with MMR deficient colorectal
cancer.

The hypothesis that patients with MMR deficient tumours
could have a different prognosis is clearly plausible given the

significant biological differences between MMR deficient and
MMR competent tumours. Different studies addressing this
issue have shown contradictory results but we should bear in
mind that the number of reported tumours was rather small
in most of them. A recent systematic review that pooled the
results of published studies showed that MMR deficient
tumours have a better prognosis, regardless of tumour stage.8

This improvement in prognosis has been shown in both
hereditary and sporadic MMR deficient tumours.6 9 28 31–33 It is
not known if this better prognosis is due to the intrinsic
carcinogenic features of these tumours that confers a less
aggressive pattern of growth or if it is due to a better response
to chemotherapy agents. In our cohort, patients with color-
ectal cancer exhibiting MMR defects showed the same rate of
overall survival and disease free survival as patients with
stable tumours. This is probably due to the short follow up
period reported (24 months). The study is still ongoing and
we should eventually be able to report on a longer follow up.
In contrast with other reports that suggest more advanced
stages at diagnosis in MMR deficient colorectal tumours,6 9 28

we saw no differences between patients with stable or
unstable colorectal cancer.

In summary, our prospective study confirms previous
retrospective reports suggesting that adjuvant 5-FU based
chemotherapy may not be useful in stage II and III MMR
deficient colorectal cancer and a revision in the management
of this subgroup should be reconsidered. Thus stage II
patients with MMR deficient tumours should probably be
treated only with surgery due to their excellent prognosis and
lack of efficacy of 5-FU chemotherapy. In stage III patients
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Figure 5 Overall survival of patients
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adjuvant chemotherapy, according to
their mismatch repair (MMR) status
(deficient or competent).
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with MMR deficient tumours, other chemotherapeutic agents
should be tested. The topoisomerase I inhibitor irinotecan
could be one such agent, considering that it has been shown
to be effective in MMR deficient colon cancer cells.34 Selection
of colorectal cancer patients for 5-FU treatment will have to
be based on the biology of the tumour, in addition to its
stage. Our study supports the importance of the molecular
characteristics of tumours in the tailoring of adjuvant
therapy. These results support the concept that MSI analysis
or immunohistochemistry should be routinely conducted in
order to design rational adjuvant chemotherapy for colorectal
cancer.
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