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Abstract
Purpose Microsatellite instability in colorectal cancer (CRC)
and its long-term outcomes remains poorly studied in Asians.
We investigate the prognostic significance of microsatellite
instability in an Asian population and assess its clinical impact
in patients who undergo adjuvant chemotherapy.
Methods Six hundred fifty-four consecutive CRC patients
who underwent surgical resection between January 2010 and
December 2012 were recruited. Survival was estimated using
the Kaplan-Meier approach. Univariate Cox proportional haz-
ard models were used to estimate the hazard ratios for vari-
ables associated with survival. A subgroup analyses was per-
formed for stage III patients who underwent chemotherapy to
evaluate the prognostic significance of microsatellite instabil-
ity in this group.
Results Five hundred ninety-one (90.4%) patients were mi-
crosatellite stable (MSS) while 63 (9.6%) were microsatellite
instable (MSI). Three years recurrence-free survival (RFS)
and disease-specific survival (DSS) were 83.7 versus 73.7%
(p = 0.295) and 87.1 versus 91.2% (p = 0.307) in MSS and
MSI tumors, respectively. Among stage III patients who re-
ceived adjuvant therapy, MSI status was found to be an

adverse prognostic factor for RFS (HR 2.74 (95% CI 1.43–
5.26), p = 0.002). This remained significant on multivariate
analysis (HR 2.38 (95% CI 1.15–4.93), p = 0.018). Adjuvant
chemotherapy was associated with survival benefit for pa-
tients with MSS tumors (HR 0.35, 95% CI 0.17–0.69,
p = 0.002) but not MSI tumors (HR 0.67, 95% CI 0.08–
8.15, p = 0.750).
Conclusions MSI status is not a prognostic indicator in the
general CRC population but appears to be an adverse prog-
nostic indicator for RFS in stage III CRC patients who re-
ceived adjuvant chemotherapy.
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Introduction

Colorectal cancer (CRC) is the third most common cancer and
the fourth most frequent cause of cancer death worldwide [1].
Among genetic abnormalities involved in carcinogenesis, mi-
crosatellite instability is a major pathway of cancer develop-
ment, accounting for almost all colorectal cancers occurring in
Lynch syndrome, which makes up 2–5% of all colorectal can-
cers, and approximately 15% of sporadic colorectal cancers
[2, 3].

The incidence of mismatch repair (MMR) deficiency in
CRC and its long-term outcomes remains poorly studied in
Asians. A previous meta-analysis has found that microsatellite
instability status was a significant prognostic factor in CRC
[4]. It also alluded to a lack of benefit of adjuvant fluorouracil-
based chemotherapy among microsatellite instable (MSI) pa-
tients with stage II disease [5, 6]. Prognostic factors among the
Western population may not be applicable to Asians as sur-
vival of CRC is known to vary amongmajor ethnic groups [7].
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Asians have been shown to display improved survival as com-
pared to other races [7, 8]. These differences have persisted
despite adjustments for confounding variables such as
age, grade, histology, and socio-economic status, suggest-
ing that biologic factors may account for the disparity in
survival [8]. It remains to be seen if the prognostic sig-
nificance of MSI tumors demonstrated in Western popu-
lations remain applicable to an Asian population since
few studies have been done [9, 10].

We aim to investigate the prognostic significance of micro-
satellite instability in an Asian population and assess its clin-
ical impact in CRC patients who undergo adjuvant
chemotherapy.

Materials and Methods

Subjects

Consecutive CRC patients who underwent surgical resection
in Singapore General Hospital between January 2010 and
December 2012 for histological confirmed CRC were recruit-
ed. Immunohistochemistry (IHC) staining for MMR proteins
was performed routinely for all patients starting from January
2010. Patients who presented with recurrent cancer, inflam-
matory bowel disease, familial adenomatous polyposis, or
other polyposis syndromes were excluded. The study protocol
was approved by the Institutional Review Board of Singapore
General Hospital.

Pre-operative staging included computerized tomography
(CT) scanning of the thorax, abdomen, and pelvis. Rectal
tumors were additionally staged with MRI or endorectal ultra-
sound where feasible. Pre-operatively, all patients underwent
complete colonoscopy, where possible, to exclude synchro-
nous cancers. Obstructive lesions that precluded a complete
endoscopic evaluation of the colon were evaluated for syn-
chronous lesions using CT colonography or barium enema
pre-operatively.

Staging of disease was according to AJCC Cancer Staging
Manual, 6th edition after surgical resection, and comprises
information from histological review of the resected specimen
and radiological investigations of distant metastases [11].

Immunohistochemical Staining

Immunohistochemistry (IHC) staining was routinely per-
formed for all patients undergoing elective resection for
CRC. IHC was performed using the standard streptavidin-
biotin-peroxidase procedure. Specifically, 5-μm-thick sec-
tions of 10% formalin-fixed, paraffin-embedded tumor or tis-
sue were first de-paraffinized in xylene, rehydrated in graded
alcohols, and washed in double-distilled water. Endogenous
peroxidase activity was blocked by incubation with 3%H2O2.

The slides were then placed in 10 mM citrate buffer at pH 6
and boiled in a microwave for 15 min for antigen retrieval.
After treatment with 10% normal goat serum for 10 min to
block nonspecific protein binding, primary monoclonal anti-
bodies against MLH1 (clone G168-728, diluted 1:250,
PharMingen, San Diego, CA), MSH2 (clone FE11, diluted
1:50, Oncogene Research Products, Cambridge, MA),
MSH6 (clone GRBP.P1/2.D4, diluted 1:200; Serotec Inc.,
Raleigh, NC) were applied. Antigen-antibody reaction was
visualized using the avidin-biotinylated horseradish peroxi-
dase complex (LSAB kit, Dako) and diaminobenzidine as
the chromogen. Slides were counterstained with hematoxylin.
Normal colonic crypt epithelium adjacent to the tumor, lym-
phoid, and stromal cells served as internal positive controls for
staining. Appropriate external positive (normal colon mucosa)
and negative (MSI tumors known to lack MLH1 or MSH2
protein expression) controls were used.

For PMS2 (clone A164, 1:30 dilution)—heat retrieval was
done at 100 °C for 20 min using Epitope retrieval 2 buffer
solution, with 20 min antibody incubation at room tempera-
ture on Leica Bond-III autostainer using Bond Polymer
Detection kit.

All specimens with IHC staining were reviewed by a ded-
icated gastrointestinal pathologist. Patients are classified as
MSI when one of the four DNA mismatch repair proteins is
stained negative. Patients are classified microsatellite stable
(MSS) when all four DNA mismatch repair proteins are
stained positive.

Adjuvant Therapy Regime

Adjuvant therapy was offered for all stage III patients who
were deemed fit enough to undergo adjuvant chemotherapy.
Adjuvant chemotherapy was also offered to stage II patients
with high-risk factors such as perineural invasion,
lymphovascular invasion, and obstructed or perforated tu-
mors . Adjuvant therapy comprised 6 months of
fluoropyrimidine (5-fluorouracil or capecitabine) with or
without oxaliplatin.

Follow-up Regime

Post-operatively, the patients were followed up at 3-monthly
intervals for the first 2 years, 6-monthly for the next 2 years
and then yearly thereafter as per the NCCN Guidelines [12].
At each consultation, CEA levels were measured and full his-
tory and physical examination (including digital rectal exam-
ination) were performed. Regular periodic computed tomog-
raphy imaging was performed annually for all high-risk stage
II and stage III tumors. Patients with suspicious symptoms and
signs of rising CEA trend on follow-up will be evaluated
earlier with colonoscopy and/or radiological imaging.
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The cohort of patient was followed up till December 2015
for the purpose of this study.

Statistical Analyses

All analyses were performed using R 3.1.1 (2014 Vienna,
Austria). Recurrence-free survival (RFS) was calculated from
date of surgery to recurrence or last follow-up. Disease-
specific survival (DSS) was calculated from date of surgery
to death from colorectal cancer or till the point of last follow-
up. RFS and DSS were estimated using the Kaplan-Meier
approach and 3-year survival probabilities with 95% confi-
dence limits were summarized. Univariate Cox proportional
hazard models were used to estimate the hazard ratios for each
of the demographic and clinical characteristics associated with
RFS and DSS, for the overall population. A subgroup analy-
ses was performed for stage III patients who underwent che-
motherapy to evaluate the prognostic significance of MMR
deficiency status in this group. All tests were two-sided and
the significance level was set at 5% throughout.

Results

A total of 654 patients were included in the study, out of which
591(90.4%) were MSS and 63 (9.6%) were MSI.
Demographic characteristics of the study cohort are illustrated
in Table 1. MSI tumors comprised of a larger proportion of
right-sided tumors compared to MSS tumors (50.8 versus
14.9%, p < 0.001). In a median follow-up of 32 months (range
16 to 50 months), 3 years RFS and DSS were 83.7 versus
73.7% (p = 0.295) and 87.1 versus 91.2% (p = 0.307) in
patients with MSS and MSI tumors, respectively (Fig. 1). Of
the 95 patients (14.5%) who had either local or systemic re-
currence, 83 patients (87.4%) hadMSS tumors and 12 patients
(12.6%) had MSI tumors. The overall mortality was 10.2%
(67 out of 654). Mortality was 10.7% (63 out of 591) in the
MSS group and 6.3% (4 out of 63) in the MSI group
(p = 0.393).

Univariate and multivariate analyses for RFS and DSS are
illustrated in Table 2 and Table 3, respectively. In terms of
RFS, factors significant on univariate analysis include tumor

Table 1 Distribution of clinical
and demographic factors Characteristics Overall population

(n = 654)

MSS

(n = 591)

MSI

(n = 63)

p value

Age, mean (sd) 66.4 (12.4) 66.5 (12.2) 65.0 (14.2) 0.406

Proportion with age <50 years old, n (%) 57 (8.7) 48 (8.1) 9 (14.3) 0.103

Gender, n (%) 0.246

Male 372 (56.9) 341 (57.7) 31 (49.2)

Female 282 (43.1) 250 (42.3) 32 (50.8)

Tumor location, n (%) <0.001*

Rectum 209 (32.0) 197 (33.3) 12 (19.0)

Sigmoid 259 (39.6) 247 (41.8) 12 (19.0)

Descending colon 30 (4.6) 27 (4.6) 3 (4.8)

Splenic flexure 21 (3.2) 18 (3.0) 3 (4.8)

Transverse colon 34 (5.2) 28 (4.7) 6 (9.5)

Hepatic flexure 22 (3.4) 17 (2.9) 5 (7.9)

Ascending colon 31 (4.7) 21 (3.6) 10 (15.9)

Cecum 33 (5.0) 22 (3.7) 11 (17.5)

Other 15 (2.3) 14 (2.4) 1 (1.6)

TNM stage, n (%) 0.338

Stage I

Stage II

Stage III

Stage IV

286 (43.7)

38 (5.8)

299 (45.7)

31 (4.7)

255 (43.1)

34 (5.8)

272 (46.0)

30 (5.1)

31 (49.2)

4 (6.3)

27 (42.9)

1 (1.6)
Perineural infiltration:

Yes, n (%)

121 (18.5) 113 (19.1) 8 (12.7) 0.337

Vascular Emboli:

Yes, n (%)

160 (24.5) 148 (25.0) 12 (19.0) 0.396

Mucinous tumors:

Yes, n (%)

41 (6.3) 36 (6.1) 5 (7.9) 0.583

MSS microsatellite stable,MSI microsatellite instable
* Denotes statistically significant results using Fisher’s exact test
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grade, TNM stage, perineural infiltration, vascular emboli,
and apical node involvement. However, in multivariate anal-
ysis, only TNM stage, perineural infiltration, and vascular
emboli remained significant predictors of RFS. (Table 2) For
DSS, factors significant in univariate analysis include mucin-
ous tumors, tumor grade, TNM staging, perineural invasion,
presence of vascular emboli, apical node involvement, and
BRAF status. Age, TNM stage IV status, the presence of
vascular emboli, apical node involvement, and BRAF status
remained significant predictors of DSS after all the variables

significant in the univariable analysis were entered into a sin-
gle model. (Table 3).

Subgroup Analyses for Stage III Patients Who Have
Undergone Adjuvant Chemotherapy

Two hundred twenty-four (34.3%) patients underwent adju-
vant therapy and comprised of 21 (55.2%) patients in stage II
and 203 (67.9%) patients in stage III. The 203 stage III pa-
tients that received adjuvant chemotherapy were out of a

Fig. 1 Kaplan-Meier curve
comparing 3-year Recurrence-
Free Survival and Disease-
Specific Survival between
Microsatellite Stable (MSS)
tumors andMicrosatellite Instable
(MSI) tumors

Table 2 Univariable and
multivariable cox regression for
recurrence-free survival

Variables Univariable Multivariable^

HR (95% CI) p value HR (95% CI) p value

MSI vs MSS 1.38 (0.75–2.53) 0.298 1.79 (0.95–3.37) 0.070

Age 0.99 (0.97–1.01) 0.391 1 (0.98–1.02) 0.992

Tumor grade

Moderate vs well-differentiated 4.60 (1.13–18.72) 0.033* 2.05 (0.48–8.86) 0.335

Poor/un vs well-differentiated 6.12 (1.23–30.33) 0.027* 1.32 (0.24–7.25) 0.753

Mucinous vs non-mucinous 1.50 (0.61–3.69) 0.377

TNM stage

2 vs 1 5.33 (2.31–12.33) <0.001* 5.04 (2.12–11.96) <0.001*

3 vs 1 4.90 (2.75–8.75) <0.001* 3.77 (2.01–7.08) <0.001*

4 vs 1 8.35 (3.36–20.74) <0.001* 5.54 (2.12–14.49) <0.001*

Perineural infiltration—yes vs no 2.95 (1.93–4.49) <0.001* 1.71 (1.08–2.69) 0.022*

Vascular emboli—yes vs no 3.22 (2.14–4.84) <0.001* 1.93 (1.23–3.04) 0.004*

Apical node—yes vs no 2.91 (1.67–5.06) <0.001* –

KRAS—present vs absent 1.48 (0.92–2.37) 0.103 –

BRAF—present vs absent 0.51 (0.12–2.13) 0.358 –

MSS microsatellite stable,MSI microsatellite instable
* Denotes statistically significant results
^Multivariable model did not include apical node, Kras and Braf
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cohort of 299 stage III patients and those who did not receive
chemotherapy either refused adjuvant treatment or were
deemed not fit enough for treatment. Stage II patients were
excluded from this analysis due to the small numbers of pa-
tients with stage II disease who underwent adjuvant chemo-
therapy. Among the 203 stage III patients who received adju-
vant chemotherapy, 17 were MSI while 186 were MSS.
Chemotherapy regimes did not differ significantly between
the groups with MSS and MSI tumors (5FU/capecitabine
monotherapy 37.6 versus 29.4%; 5FU/capecitabine in

combination with oxaliplatin 60.2 versus 64.7% and 5FU/
capecitabine in combination with irinotecan 2.2 versus
5.9%, p = 0.322).

In stage III patients, adjuvant chemotherapy was associated
with improved DSS (HR 0.38 (95% CI 0.2–0.73), p = 0.004)
but not RFS (HR 0.61 (95% CI 0.32–1.12), p = 0.108).

The prognostic significance of MMR deficiency status on
stage III patients who received adjuvant therapy was assessed.
MSI was found to be an adverse prognostic factor for RFS
(HR 2.74 (95% CI 1.43–5.26), p = 0.002) (Table 4) but not

Table 3 Univariable and
multivariable cox regression for
disease-specific survival

Variables Univariable Multivariable

HR (95% CI) p value HR (95% CI) p value

MSI vs MSS 0.63 (0.23–1.73) 0.369 0.58 (0.20–1.67) 0.311

Age 1.02 (0.99–1.04) 0.061 1.03 (1.01–1.05) 0.004*

Tumor grade

Moderate vs well-differentiated 5.34 (0.74–38.66) 0.097 3.66 (0.45–29.46) 0.223

Poor/un vs well-differentiated 13.96 (1.72–113.55) 0.014* 5.19 (0.53–50.70) 0.157

Mucinous vs non-mucinous 3.46 (1.65–7.27) 0.001*

TNM stage

2 vs 1 4.14 (1.53–11.20) 0.005* 2.76 (0.95–8.03) 0.061

3 vs 1 3.37 (1.72–6.61) <0.001* 1.40 (0.63–3.13) 0.406

4 vs 1 14.63 (6.44–33.24) <0.001* 4.50 (1.58–12.85) 0.005*

Perineural infiltration—yes vs no 2.40 (1.44–4.01) <0.001* 1.09 (0.59–2.02) 0.776

Vascular emboli—yes vs no 3.73 (2.30–6.05) <0.001* 2.02 (1.12–3.65) 0.019*

Apical node—yes vs no 4.38 (2.49–7.70) <0.001* 2.12 (1.08–4.15) 0.028*

KRAS—present vs absent 1.55 (0.82–2.95) 0.176 1.07 (0.45–2.51) 0.881

BRAF—present vs absent 6.31 (2.06–19.32) 0.001* 4.92 (1.42–17.07) 0.012*

MSS microsatellite stable,MSI microsatellite instable
* Denotes statistically significant results

Table 4 Cox regression models
for recurrence-free survival for
stage III patients who received
adjuvant chemotherapy

Variables Univariable Multivariable^

HR (95% CI) p value HR (95% CI) p value

MSI vs MSS 2.74 (1.43–5.26) 0.002* 2.38 (1.15–4.93) 0.018*

N2 vs N1 disease 4.29 (2.48–7.41) <0.001* 1.74 (0.86–3.52) 0.126

Age 0.99 (0.98–1.02) 0.925 1.00 (0.98–1.03) 0.656

Tumor grade

Moderate vs well-differentiated 1.69 (0.23–12.27) 0.601

Mucinous vs well-differentiated 3.94 (0.44–35.36) 0.220

Poor/un vs well-differentiated 1.97 (0.23–16.92) 0.534

Perineural infiltration—yes vs no 1.96 (1.18–3.26) 0.009* 1.07 (0.61–1.87) 0.820

Vascular Emboli—yes vs no 2.13 (1.30–3.48) 0.002* 1.19 (0.69–2.05) 0.534

Apical node—yes vs no 1.59 (0.87–2.94) 0.132 0.74 (0.38–1.43) 0.365

KRAS – present vs absent 1.73 (1.02–2.96) 0.043* 2.42 (1.18–4.94) 0.015*

BRAF—present vs absent 0.65 (0.15–2.79) 0.569 0.45 (0.09–2.08) 0.310

MSS microsatellite stable,MSI microsatellite instable
* Denotes statistically significant results
^Multivariable model includes MSI, N stage, age, histology, perineural infil, vascular emboli, apical node, kras
and braf
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DSS (HR 1.56 (95% CI 0.55–4.41), p = 0.401). MSI status
remained an adverse prognostic factor for RFS in multivariate
analysis (HR 2.38 (95% CI 1.15–4.93), p = 0.018). These
results for univariate andmultivariate analyses for RFS among
the stage III patients are illustrated in Table 4.

When stage III patients were stratified based on adjuvant
therapy status, MSI remained an adverse prognostic factor and
had poorer recurrence-free survival in those who received ad-
juvant chemotherapy (HR 2.60 (95% CI 1.27–5.35),
p = 0.009) (Table 5). Adjuvant chemotherapy was associated
with survival benefit for patients with MSS tumors (HR 0.35,
95% CI 0.17–0.69, p = 0.002) but not those with MSI tumors
(HR 0.67, 95% CI 0.08–8.15, p = 0.750).

Discussion

In our institution, IHC was initially performed for young CRC
patients of age ≤50 years old, but has been routinely imple-
mented in all age groups since the year 2010. We have pub-
lished our initial report of a purely ≤50 years old cohort and
noted the presence of 21% MMR deficient CRC on IHC
screening [13]. This study highlighted the importance of
MMR screening and the high incidence of MMR detected
despite an absence of strong family history of CRC [13].
Our current study reports a consecutive series of 654 sporadic,
unrelated CRC patients across all ages in which IHC staining
of MMR proteins was routinely performed. This study’s main
aim is to investigate the prognostic significance of MSI in an
Asian population and assess the clinical impact of MSI in
colorectal cancer patients who undergo adjuvant
chemotherapy.

Our series reports a large IHC-screened Asian cohort and
significantly adds on to the literature on the prognostic signif-
icance of MSI in Asians. Previously published meta-analyses
were from cohorts of Western populations, and the applicabil-
ity of these findings to anAsian population is thus unknown as
few studies have been performed [9, 10]. In our study cohort,
MSI status interestingly had no prognostic significance for

both RFS and DSS. It was only in subset analysis of stage
III patients who had received adjuvant therapy that MSI tu-
mors were found to have poorer RFS (HR 2.74, 95% CI 1.43–
5.26, p = 0.002), a finding which persisted on multivariate
analysis (HR 2.38, 95% CI 1.15–4.93, p = 0.018). Studies
among other Asian populations have revealed mixed findings.
Jung et al. had illustrated in a cohort of 1232 patients that MSI
status was associated with improved 5-year cancer-specific
survival rates (88.2 versus 61.2%, p < 0.001) [9]. In contrast,
Shin et al. failed to demonstrate any prognostic significance of
MSI status [10]. Interestingly, Shin et al. also concluded that
MSI status may confer an adverse prognostic impact, albeit in
patients with stage II disease [10]. In this study, adjuvant che-
motherapy, predominantly of the 5-FU regime, was adminis-
tered to 87.8% of the population with stage II disease. This
prompted the authors to hypothesize that the poorer outcome
for stage II MSI CRCs might be attributable to the non-
beneficial effect of 5-FU adjuvant chemotherapy in this subset
of patients [10].

The selection of patients for adjuvant chemotherapy re-
mains challenging and traditional clinical and histopathologi-
cal factors dominate decision-making. While it is routine for
all stage III patients to be offered adjuvant chemotherapy, and
has quite clearly proven an overall survival advantage inmany
studies including our study cohort, it is difficult to predict the
patients in which adjuvant chemotherapy is unlikely to bene-
fit. In our study, survival benefit of adjuvant chemotherapy
was observed mainly for patients with MSS tumors (HR
0.35, 95% CI 0.17–0.69, p = 0.002) but not those with MSI
tumors (HR 0.67, 95% CI 0.08–8.15, p = 0.750). Our study
findings are not unique and these results have beenmirrored in
several other studies although these included patients with
stage II disease as well [14–18]. While these findings may
suggest the possible attenuation of benefit of adjuvant chemo-
therapy in stage III tumors with MSI, it will require validation
by further large cohort studies in a randomized setting. We are
unfortunately unable to analyze the impact of MSI on stage II
adjuvant treatment due to a small sample size. Based on our
study findings, there is insufficient evidence to suggest that
MSI status should be used to guide decision for adjuvant
treatment. This is consistent with the findings of a recently
published systematic review of 9212 patients with CRC [19].

There are molecular hypothesis for chemoresistance and
poorer prognosis in MSI tumors. While MSI-H CRCs are
molecularly heterogeneous tumors, in vitro experiments have
noted that preservation of MMR function in cancer cells can
lead to apoptotic effect of 5-FU and thus explain the molecular
basis of resistance of 5-FU based chemotherapy in CRCs with
MSI [20–22]. Another plausible explanation is the presence of
CpG Island Methylator Phenotype (CIMP) within the MSI
tumor population. This is a distinct subset of CRC character-
ized by repression of tumor suppressor genes as a result of
promoter methylation. These CIMP-H tumors are frequently

Table 5 Association of MSI status with recurrence-free survival and
disease-specific survival among stage III patients with and without
adjuvant chemotherapy

Recurrence-free survival Disease-specific survival

HR (95% CI) p value HR (95% CI) p value

Patients who had chemo, n = 203

MSS vs MSI 2.60 (1.27–5.35) 0.009* 2.35 (0.68–8.09) 0.173

Patients who did not have chemo, n = 96

MSS vs MSI 3.21 (0.68–15.04) 0.139 0.75 (0.09–5.77) 0.789

MSS microsatellite stable, MSI microsatellite instable
* Denotes statistically significant results
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associated with older age, frequent BRAFV600E mutations,
poor differentiation, and signet ring cell components in MSI
CRCs. CIMP-H tumors, therefore, may contribute to the
poorer prognosis in CRCswithMSI and are known to respond
poorly to 5-FU chemotherapy [21]. Data remains conflicting
and non-conclusive.

The main limitation of our study is that the sample size of
patients with MSI tumors was small. This may have led to a
type 2 error when benefit of adjuvant chemotherapy was
assessed after stratification by MMR deficiency status.
However, as only 10–15% of colorectal cancers are MSI, a
small sample size is a common problem among most clinical
studies done on MMR deficiency. Treatment effects of adju-
vant chemotherapy are also not based on a randomized setting
and interpretation of results may thus have inherent bias. We
also did not have information regarding polymerase chain
reaction testing of microsatellite instability in our cohort as
IHC was the main stay of MMR deficient screening in our
institution during the study duration. However, this is unlikely
to have resulted in significant miscategorization of MSI tu-
mors in our study as IHC and MSI testing via polymerase
chain reaction are considered to have equivalent accuracy in
literature [23]. Nonetheless, our series remains one of the few
in Asia which studies the prognostic value of microsatellite
instability and its impact on adjuvant therapy and would be an
invaluable addition to the scant literature on this topic in our
region.

Conclusion

MSI is not a prognostic indicator in the general CRC popula-
tion. Subset analysis suggests MSI may be an adverse prog-
nostic indicator for recurrence-free survival in stage III CRC
patients who received adjuvant chemotherapy. Further studies
are required to determine if MSI status should be considered
during decision-making for adjuvant chemotherapy.
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