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The role of microsatellite instability 
to predict clinical benefit from 
irinotecan-based regimens in 
metastatic colorectal cancer

ABSTRACT

The aim of our study was to assess the relationship between 

microsatellite instability (MSI) and the clinical outcome in 

metastatic colorectal cancer (CRC) patients treated with 

irinotecan-based regimens. We assessed best objective 

response, progression free survival (PFS) and overall sur-

vival (OAS) in relation to MSI analysis that was performed 

using BAT-25, BAT-26, D5S346, D2S123, D17S250 mark-

ers in normal and tumor DNA. The best objective response 

was significantly and negatively related with the D17S250 

(an adjacent locus to p53) microsatellite marker (p=0.047). 

However, MSI score was not related with the best objective 

response (p=0.88). There was again no relationship be-

tween PFS, OAS and MSI score. In conclusion, this study 

allowed us to establish in a prospective study design that 

MSI status did not predict survival in metastatic colorectal 

cancer patients treated with irinotecan-based regimens. 

[Turk J Cancer 2008;38(2):49-56]
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INTRODUCTION

For a long time, the therapeutic options for patients 
with advanced colorectal cancer (CRC) have been almost 
exclusively based on fluorouracil. However, the overall 
treatment results remained unsatisfactory (1). The results 
of systemic therapy for advanced colorectal cancer have 
improved significantly with the availability of cytotoxic 
drugs such as irinotecan and oxaliplatin, and monoclo-
nal antibodies against growth factors and their receptors 
(1,2). Irinotecan is a potent inhibitor of topoisomerase I, a 
nuclear enzyme involved in the unwinding of DNA during 
replication (3). This results in an increase in the number of 
single-strand breaks, as well as an inhibition of both rep-
lication and transcription. Microsatellite instability (MSI) 
is characterized by the inactivation of the mismatch repair 
(MMR) machinery thereby increasing the rate of muta-
tions in DNA molecules containing microsatellite repeats 
(4). Several studies have used MSI as a marker for prog-
nosis and response to therapy of colon cancer (5-8).

Germ-line alterations of MMR genes, usually hMSH2 
or hMLH1, cause susceptibility to hereditary non-polipo-
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sis colorectal cancer (HNPCC), a genetic disorder that ac-
counts for nearly 5% of all cases of CRC (9). In HNPCC 
tumors, inactivation of the wild-type allele of the inactive 
MMR gene most often results from loss of heterozygos-
ity or somatic mutation (10). These tumors which display 
biallelic inactivation of one of the MMR genes are char-
acterized by high levels of MSI, defined by the accumula-
tion of mutations, mostly insertions or deletions in short 
tandem repeats throughout the genome. MSI phenotype is 
not confined to HNPCC tumors but also occurs in ≤15% 
of sporadic CRC (11).

CRC with high levels of MSI are more likely to be of 
high histological grade, located in the proximal colon and 
associated with improved overall survival (5,12). The pos-
sible involvement of the DNA mismatch repair (MMR) 
system in the cytotoxicity of topoisomerase inhibitors has 
been investigated in the CRC cell lines (13). In a retro-
spective study in metastatic CRC patients with progres-
sive disease after treatment with fluorouracil-based regi-
men it has been shown that MSI phenotype is a criteria for 
selecting patients who could benefit from chemotherapy 
with irinotecan (14). However, in the literature, no study that 
prospectively evaluated the prognostic role of MSI in meta-
static CRC patients who were treated with irinotecan-based 
regimens could be found.

Therefore the aim of our study was to prospectively 
assess the relationship between microsatellite instability 
(MSI) and the clinical outcome in metastatic colorectal 
cancer patients treated with irinotecan-based regimens.

PATIENTS AND METHODS

Patients

During a period of 1 year between December 2003 
and December 2004 metastatic CRC patients who were 
admitted to the Akdeniz University Medical Faculty 
Department of Medical Oncology were recruited to the 
study. The eligibility criteria were: histologically proven 
metastatic adenocarcinoma of the colon or rectum with 
measurable disease, no prior chemotherapy for metastatic 
disease, age ≥18 and ≤76 years, Eastern Cooperative On-
cology Group (ECOG) performance status ≤2, life expec-
tancy >3 months, adequate hematological and biochemical 

parameters (hemoglobin ≥10 g/dl, neutrophils ≥2x109/l, 
platelets ≥100x109/l, bilirubin ≤1.25x institutional upper 
limit of normal range (ULN), aspartate aminotransferase 
and alanine aminotransferase ≤5 times ULN, serum creat-
inine ≤1.25 ULN or creatinine clearance >50 ml/min). All 
patients gave written consent before the treatment they 
received. Main exclusion criteria were: prior exposure 
to irinotecan, severe concomitant conditions, inflamma-
tory bowel disease, malabsorption (15). Prior 5-FU based 
adjuvant chemotherapy was not accepted as an exclusion 
criteria. Hypertension, diabetes mellitus and coronary 
heart disease were scored as positive for comorbidities.

Treatment

We conducted a non-randomised prospective, obser-
vational study recruiting consecutive patients. Five pa-
tients were treated with the IFL (irinotecan 125 mg/m2 IV, 
5-FU 500 mg/m2 IV bolus, leucovorin 20 mg/m2 IV bolus 
weekly for four weeks every six weeks) regimen and the 
other twenty-five patients were treated with XELIRI (iri-
notecan 250 mg/m2 IV day 1 and capecitabine 2000 mg/
m2/day days 1-14, every 3 weeks) regimen as the first-line 
treatment by the decision of their own treating physicians 
(15,16). Treatment was continued till disease progression 
and unacceptable toxicity. Patients were followed up ev-
ery 3 months after completion of treatment to evaluate 
overall survival. Response was evaluated by RECIST cri-
teria at every 2-3 cycles during treatment. Toxicity was 
evaluated during treatment according to the National Can-
cer Institute Common Toxicity Criteria (version 3, 2003). 
Protocol specified dose reductions and delays were based 
on previous cycle toxicity utilizing both hematological 
nadirs and hematological/biochemical parameters on the 
day of next treatment. 

Tumor specimen collection

Detailed descriptions of the specific characteristics of 
the specimen collection have been published previously 
(17). Tissue samples from 30 patients with metastatic 
CRC were studied. One section from the tumor together 
with a section from the adjacent normal tissue, if avail-
able, were blocked. These sections were cut at 5 µm thick-
ness and stained with hematoxylin-eosin (H&E). The sec-
tions stained with H&E were reviewed and re-examined 
by the same pathologist. DNA was isolated from the tis-
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sue specimens of the tumor, adjacent normal tissue and 
also from the blood samples. Serial 5 µm thick sections of 
selected tissue blocks were obtained on glass slides, and 
the areas of interest were microdissected after matching 
with an adjacent section stained with H&E. To eliminate 
cross-contamination, disposable microtome blades were 
used (18).

PCR and MSI analysis

The method utilized for the characterization of micro-
satellite alterations was based on PCR amplification (5). 
Samples of genomic DNA were used to amplify sequences 
from 5 of the following mononucleotide and dinucleotide 
microsatellite loci: BAT-25, BAT-26, D5S346, D2S123, 
D17S250. These specific microsatellite loci were derived 
from the National Cancer Institute (NCI) reference (19). 
Using this reference panel, microsatellite instability-high 
(MSI-H) tumors were defined as having instability in two 
or more markers, whereas microsatellite instability-low 
(MSI-L) tumors were defined as having instability in one 
marker. Lack of instability in any marker described the 
microsatellite stable (MSS) group (20). Genomic DNA 
was amplified by PCR in a total of 25 µl of reaction mix-
ture, which included 100 nm primers, 100 µM each of 
dNTP, 1xPCR buffer, 1.5 mM magnesium chloride and 
2 units of Tag DNA polymerase (Fermentase, USA) (21). 
Aliquots (5 µl) of the PCR products were added to 5 µl 
of loading buffer (95% formamide, 20 mM EDTA, 0.05% 
bromophenol blue and 0.05% xylene cyanol) and the en-
tire was denatured at 94oC for 2 minutes and placed on 
ice. Aliquots (8 µl) were electrophoresed on 8% poly-
acrylamide gels (PAGE) and silver nitrate was used for 
the detection of bands (22). MSI was identified as either 
a deletion or a band shift. A band shift was defined as 
an abnormal and reproducible pattern which revealed ex-
pansion, contraction or rearranged bands (23). All altered 
cases were analyzed at least twice by an additional PCR 
and an electrophoretic run to confirm the results.

Statistical analysis

The association of clinical and MSI related factors 
with the best objective response was analyzed with the 
univariate logistic regression analysis. Survival curves for 
the progression-free survival (PFS) and the overall sur-
vival (OAS) were drawn according to the method of Ka-

plan and Meier (23); Cox regression analysis was used to 
test associations with survival. A multivariate regression 
analysis was planned if more than two clinic factors had p 
values <0.10. P values of less than 0.05 were considered 
to indicate statistical significance. All statistical calcula-
tions were performed by using SPSS for Windows version 
11.0 (SPSS Inc. Chicago, IL).

RESULTS

Patient characteristics

Thirty patients with metastatic CRC were included in 
the study, 14 females and 16 males with a mean age of 
55.1±14.4 year (Range: 22-76). Clinical characteristics of 
the patients are given in table 1. All the patients except one 
had a good performance score (performance score ≤2). 
Median of one metastatic site was found in our patients.

Table 1
Demografic and clinic parameters of 

metastatic CRC patients

Characteristics

Age (mean±SD)
Gender, n (%)
	 Male
	 Female
Comorbidities, n (%)
	 Present
	 Absent
Adjuvant chemotherapy, n (%)
	 Yes
	 No
Adjuvant radiotherapy, n (%)
	 Yes
	 No
Performance status, n (%)
	 1
	 2
	 3
Liver metastasis, n (%)
	 Present
	 Absent

All patients
(n=30)

55.1±14.4

16 (53.3%)
14 (46.7%)

13 (43.3%)
15 (50%)

12 (40%)
18 (60%)

7 (23.3%)
22 (73.3%)

21 (70%)
8 (26.7%)
1 (3.3%)

21 (70%)
9 (30%)
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MSI status

Tumor MSI analysis was performed with mononucle-
otide and dinucleotide markers. The results of the MSI 
analysis can be viewed in tables 2 and 3. MSI-L group (12 
patients, 40%) was the most common group in our study 
according to the NCI criteria. D2S123 (Figures 1, 2) and 
D17S250 were the most common markers (26.7%, each) 
(Table 3).

Tumor response

The response rate was found to be 46.7% (14/30 pa-
tients) in the study group. Although the response evalua-
tion could not be done in 3 patients, 14 patients (46.7%) 
gave response to irinotecan-based chemotherapy. 27 pa-
tients were included in the tumor response analysis. One 
of these 3 patients who could not be evaluated for the re-
sponse died suddenly at home after the first cycle of IFL 

Table 2
Analysis of microsatellite markers and microsatellite instability status of the patients

MSI 

MSS
MSI-L
MSI-H
MSI-L
MSI-H
MSI-L
MSI-H
MSI-L
MSI-L
MSI-L

MSS
MSI-L
MSI-H
MSI-L

MSS
MSS

MSI-H
MSI-H
MSI-H

MSS
MSI-L
MSI-L

MSS
MSI-L
MSI-H
MSI-H

MSS
MSI-H
MSI-H
MSI-L

MSI: Microsatellite instability; MSS: Microsatellite stable; MSI-L: Microsatellite instability - low; MSI-H: Microsatellite instability - high

D17S250

     (-)
     (-)
     (+)
     (-)
     (+)
     (+)
     (-)
     (-)
     (-)
     (-)
     (-)
     (-)
     (-)
     (-)
     (-)
     (-)
     (-)
     (+)
     (+)
     (-)
     (+)
     (-)
     (-)
     (-)
     (-)
     (+)
     (-)
     (+)
     (+)
     (-)

D2S123

    (-)
    (+)
    (-)
    (-)
    (-)
    (-)
    (+)
    (+)
    (+)
    (-)
    (-)
    (-)
    (-)
    (-)
    (-)
    (-)
    (+)
    (-)
    (+)
    (-)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)

D5S346

    (-)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-) 
    (+)
    (-)
    (-)
    (-)
    (+)

BAT26

    (-)
    (-)
    (-)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-)
    (-)
    (+)
    (+)
    (-)
    (-)
    (-)
   (+)
    (-)
    (-)
    (-)
    (-)
    (-)
    (-)
    (-)
    (+)
    (+)
    (-)
    (-)
    (+)
    (-)

BAT25

    (-)
    (-)
    (+)
    (+)
    (-)
    (-)
    (-)
    (-)
    (-)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-)
    (-)
    (-)
    (+)
    (-)
    (-)
    (-)
    (-)
    (-)
    (+)
    (+)
    (-)
    (+)
    (-)
    (-)

Age

70
39
58
52
58
26
44
69
22
65
41
52
64
50
67
74
63
61
76
64
48
51
34
70
44
41
53
72
73
67

Gender

F
F
F
M
M
F
M
M
M
M
M
F
F
F
M
M
M
M
M
M
F
F
F
M
F
F
F
M
M
F

No

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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with no known reason. The other two were lost to follow 
up after two cycles of chemotherapy. The best objective re-
sponse was only negatively related with D17S250 marker 

(exp(B)=0.16, p=0.047). The MSI scores were not found 
to be related with the best objective response (p=0.88). 
The relation of D17S250 marker and the response can be 
seen in table 4 and figure 3.

Survival analysis

A total of 30 patients were included in the survival 
analysis. Median PFS was 152 days (95% CI: 91-213 

Table 3
The sum of microsatellite instability results

MSI: Microsatellite instability; MSS: Microsatellite stable;  
MSI-L: Microsatellite instability - low; MSI-H: Microsatellite 
instability - high

MSI

Total
Bat25+

Bat26+

D5S346+

D2S123+

D17S250+

MSS
MSI-L
MSI-H

N

30
7
7
7
8
8
7

12
11

%

100
23.3
23.3
23.3
26.7
26.7
23.3
40.0
36.7

Table 4
The relation of progression free survival, overall survival and tumor response 

with the other factors

OAS: Overall survival, PFS: Progression free survival, MSI: Microsatellite instability; MSS: Microsatellite stable;  
MSI-L: Microsatellite instability - low; MSI-H: Microsatellite instability - high  
*P=0.047

Characteristics

Age
Gender
Grade
Performance status
Metastatic site
MSI 
MSI-L vs. MSS
MSI-H vs. MSI-L
MSI score (0-5)
Bat25
Bat26
D5S346
D2S123
D17S250

OAS
Exp(B)

0.98
0.78
2.82
1.61
0.77

0.47
0.64
0.74
0.39
1.43
0.43
2.23
0.31

P

0.42
0.65
0.13
0.30
0.63

0.27
0.51
0.33
0.24
0.56
0.27
0.16
0.14

PFS
Exp(B)

0.98
0.72
1.92
1.35
1.98

1.23
1.29
1.12
0.61
1.58
1.14
0.79
1.21

P

0.24
0.44
0.25
0.38
0.13

0.72
0.67
0.70
0.34
0.35
0.77
0.62
0.80

Response
Exp(B)

1.04
2.88
0.21
1.18
1.60

0.25
0.93
1.08
6.54
2.29
0.48
3.0
0.16

P

0.17
0.19
0.20
0.81
0.55

0.17
0.95
0.88
0.11
0.38
0.41
0.23
0.05*

Fig 1. An example for the amplification results of D2S123 
marker (1-1T/2-1N/3-1L, 4-2T/5-2N/6-2L, 7-3T/8-3N/9-3L, 10 
and 11/positive amplification control)
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days) in our study group. None of the investigated factors 
were found to be significantly associated with the PFS in 
the univariate analysis (Table 4). Also, MSI score was not 
found to be related with the PFS (p=0.70).

Median OAS was 486 days (95% CI: 246-726). Simi-
lar to PFS, none of the factors in this study was found to be 
related for the OAS in the univariate analysis (Table 4).

DISCUSSION

In the present study, we have failed to demonstrate an 
improved clinical outcome by irinotecan-based regimens 
in MSI-H metastatic CRC patients. In detail, we could not 
find a positive correlation with MSI status and DFS, OAS 
or tumor response. We suppose that the issue in therapeutic 
response prediction to irinotecan is the same as with the 5-
FU response which was studied much more in detail than 

with irinotecan. There may be other pathways to test any 
association between the DNA repair system activity and 
irinotecan response like the case with oxaliplatin. ERCC1 
(excision repair cross-complementing) gene and thymidi-
late syntase gene were demonstrated as predictive factors 
of survival for CRC patients receiving combination oxali-
platin and fluorouracil chemotherapy (25,26). Although 
small and retrospective, similar to the oxaliplatin/5FU 
story, a study suggests that gene expression levels of 
ERCC1 may be useful in predicting the clinical outcome 
of patients with metastatic CRC patients treated with first 
line irinotecan-based chemotherapy (27).

There was no prospective or a well designed retro-
spective study for establishing the relation of MSI and 
irinotecan response in metastatic CRC patients up to the 
initiation of this study. Therefore, our aim was to assess 
the relationship prospectively between MSI and tumor 
response in metastatic CRC patients treated with irino-
tecan-based regimens. It was impossible to test irinote-
can monotherapy prospectively, because of the accumu-
lation of the evidence that supported the benefit of the 
combination chemotherapy options in metastatic CRC 
patients (28). We had recruited patients consecutively 
into this study. Although, our study population was very 
small, they received standard regimens. Also, the objec-
tive response rate (46.7%) in our study is similar with the 
previous studies (15,16,29). We have not found a relation 
with the best objective response and the MSI score. The 
best objective response was only negatively related with 
D17S250 marker (an adjacent locus to p53). This was the 
first report demonstrating the negative relation of response 
to irinotecan-based regimens in D17S250 marker positive 
metastatic CRC patients. In a study, loss of heterozygos-
ity of D17S250 was described as a criterion for suppres-
sor/p53-type tumors of mucinous adenocarcinoma of the 
colorectum which had a significant association with distal 
colon location, venous invasion, extent of lymph node 
metastasis and higher tumor stage (30). Mutator-type tu-
mors which had a dysfunction of the DNA MMR system 
have been related with a high frequency of MSI. Tumors 
with high frequency MSI are more likely to be right-sided 
with mucinous histology, poor differentiation, tumor- 
infiltrating lymphocytes and associated with improved 
survival (5,12). But, we are not sure whether and how 
these factors might have affected our results.

Fig 2. An example for PAGE results of D2S123 marker (T: Tumor 
tissue DNA; N: Normal tissue DNA; L: Lymphocyte DNA)

Fig 3. The relation of D17S250 microsatellite instability marker 
and the best objective response (cr: complete response; pr: 
partial response)
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In their retrospective study, Fallik et al. (14), found 
that among the 7 tumors that displayed a MSI-H pheno-
type, 4 responded to irinotecan-based regimens, whereas 
only 7 of the 65 MSI-L/MSS tumors did so (p=0.009). 
Interestingly, a complete response to irinotecan was ob-
served in 1 (1.4%) patient and a partial response in 10 
(13.9%) patients, whereas 61 (84.7%) patients did not 
respond in the same study. However, different irinotecan 
and fluorouracil combinations in second-line with minor 
modifications in the dose and schedule have been tested in 
metastatic CRC patients and the median overall response 
rate of these trials was around 22% (31). It is possible that, 
a group of metastatic CRC patients who had resistance to 
irinotecan-based therapy were included in their retrospec-
tive study. In addition, retrospective nature and study size 
could have affected their results. Therefore, their study 
does not justify a standard role for MSI for the purpose of 
patient selection in metastatic CRC for treatment with iri-
notecan-based regimens. Our study, in contrast, excludes 
this role for MSI in this patient population treated with 
irinotecan-based regimens.	

It is still controversial whether MSI testing could 
predict the 5-FU response in CRC patients (32). Ribic et 
al. (6) used specimens from resected stage II or stage III 
colon cancer who were previously enrolled in prospec-
tive randomized trials of 5-FU-based chemotherapy. Of 
the 570 tumor samples tested, 16.7% were categorized 
as MSI-H which appears to be lower than our cohort of 
Turkish patients (36.7%). Among the patients who had 

not received adjuvant chemotherapy, those with MSI-H 
tumors had longer overall survival and higher rates of 5 
year disease-free survival than patients with MSI-L or 
MSS tumors. However, fluorouracil-based adjuvant che-
motherapy benefited patients with stage II or stage III 
colon cancer with MSS tumors or exhibiting MSI-L tu-
mors but not those with tumors exhibiting MSI-H. Also, 
Kim et al. (33) and Lamberti et al. (34) do not support 
the use of MSI-H as a predictive marker of chemotherapy 
benefit in 5FU treated patients. These results suggest that 
the improved prognosis for MSI-H patients, as previously 
reported, may be more dependent on the specific biology 
of these cancers as opposed to their response to adjuvant 
5-FU based chemotherapy.

In conclusion, we report for the first time that there is a 
relation between the best objective response and the pres-
ence of D17S250 marker in metastatic CRC patients that 
were treated with first-line irinotecan-based chemothera-
py. However, we found no correlation with the MSI score 
and clinical outcome in our cohort. Further evaluation is 
warranted to further define the role of MSI and D17S250 
as potential predictive markers in metastatic CRC.
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