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우측 대장암 환자에서 현미부수체 불안정성(Microsatellite 
Instability)의 임상적 의의

한서애*, 김재현*, 최지훈, 이도형, 정경원, 김성은, 문원, 박무인, 박선자

고신대학교 의과대학 내과학교실
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Background/Aims: Colorectal cancer (CRC) with microsatellite instability (MSI) has a better prognosis than CRC with microsatellite 
stable (MSS). Recent studies have reported biological differences according to tumor location in CRC. In this study, we investigated 
the clinical significance of MSI in patients with right-sided CRC.
Methods: The medical records of 1,009 CRC patients diagnosed at our institute between October 2004 and December 2016 with 
MSI test results were retrospectively reviewed. The long-term outcomes of CRC patients with MSI were assessed with respect to tumor 
location using Kaplan-Meier curves and Cox regression models.
Results: The median follow-up duration for all 1,009 study subjects was 25 months (interquartile range, 15-38). One hundred twen-
ty-four of the study subjects had MSI (12.3%) and 250 had right-sided CRC (24.8%). The patients with MSI and right-sided CRC had 
better disease-free survival (DFS) than those with MSS as determined by the log-rank test (p=0.013), and this result was significant 
in females (p=0.035) but not in males with right-sided CRC. Multivariate Cox regression analysis showed MSS significantly predicted 
poor DFS in patients with right-sided CRC (hazard ratio 3.97, 95% CI 1.30-12.15, p=0.016) and in female patients (hazard ratio 4.69, 
95% CI 1.03-21.36, p=0.045).
Conclusions: The study shows MSI is a useful predictor of DFS in patients with right-sided CRC, especially in female patients. (Korean 
J Gastroenterol 2019;73:159-166)
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INTRODUCTION

Colorectal cancer (CRC) is the third most common tumor 

in men and the second most common tumor in women 

worldwide.1 According to World Health Organization data, the 

incidence of CRC in Korea is the highest in the world with 

an age-standardized death rate of 45 per 100,000.2 Although 

the 5-year survival rate of CRC has increased over the past 

few years, this disease is still the third leading cause of can-

cer-related death worldwide.3 CRC is a heterogeneous com-

plex of diseases that results from accumulations of distinct 

genetic and epigenetic alterations.4



160 한서애 등. 우측 대장암 환자에서 현미부수체 불안정성

 

 

The Korean Journal of Gastroenterology

Table 1. Baseline Characteristics

Characteristics Right-sided CRC (n=250) Left-sided CRC (n=759) p-value

Age at diagnosis (years) 67.9 (10.6) 66.6 (11.1) 0.103

Male 129 (51.6) 461 (60.7) 0.012

Histology 0.070

  Well differentiated   51 (20.4) 168 (22.1)

  Moderato differentiated 170 (68.0) 532 (70.1)

  Poorly differentiated 15 (6.0) 44 (5.8)

  Mucinous type 14 (5.6) 15 (2.0)

Tumor stage 0.244

  I 43 (17.2) 177 (23.3)

  II 92 (36.8) 200 (26.3)

  III 89 (35.6) 291 (38.4)

  IV 26 (10.4) 91 (12.0)

Chemotherapy 0.047

  No 124 (49.6) 322 (42.4)

  Yes 126 (50.4) 437 (57.6)

MSI status      <0.001

  MSS 195 (78.0) 690 (90.9)

  MSI-low 11 (4.4) 38 (5.0)

  MSI-high 44 (17.6) 31 (4.1)

Values are presented as mean±standard deviation or n (%).
CRC, colorectal cancer.

Microsatellites are tandem repeats of short DNA se-

quences, and microsatellite instability (MSI) is a hyper-

mutation phenotype caused by germ-line or somatic mutation 

of a mismatch repair gene or by hypermethylation of mis-

match repair promotor gene.5 MSI is found in 15% of sporadic 

CRC cases and has also been reported in tumors of the stom-

ach, ovaries, urinary tract, kidneys, and liver.6 According to 

a systemic review of MSI in CRC, MSI is a good prognostic 

marker for adjuvant chemotherapy in patients with a locally 

advanced colorectal tumor.7 CRC patients with MSI are known 

to predominantly develop right-sided colon cancer with a mu-

cinous and poorly differentiated histology and to have a better 

prognosis than those with microsatellite stable (MSS).8 

Furthermore, recent studies suggest MSI may be a predictable 

marker for immunotherapy and have shown CRC patients with 

MSI-high (MSI-H) have better responses to immune check-

point blockade therapy.9,10

Commonly, CRC is classified by tumor location as right-sided 

or left-sided carcinoma, and interestingly, recent biological and 

clinical evidence indicates that the carciogenesis of proximal 

and distal CRCs follow different molecular pathways.4 Right-sid-

ed carcinomas are more prevalent in females and have a 

lower incidence and more frequent BRAF mutations than 

left-sided carcinomas and have a mucinous histology.11 In the 

CALGB/SWOG 80405 trial, metastatic CRCs arising in the right 

colon were found to be clinically different from those arising 

in the left, and tumor location was found to have prognostic 

and predictive value.12 Also, in the RAS wide type population 

of the CRYSTAL and FIRE-3 trials, patients with left-sided tumors 

had markedly better prognosis than those with right-sided 

tumors.13 In this study, we hypothesized that primary tumor 

location would influence the prognosis of CRC patients with 

MSI, and investigated the clinical significance of MSI in patients 

with right-sided CRC.

SUBJECTS AND METHODS

1. Patients

The medical records of patients diagnosed with CRC at 

Kosin University Gospel Hospital (Busan, Korea) between 

January 2004 and December 2016 were retrospectively re-

viewed, and 1,009 patients that underwent MSI testing were 

included in the analysis. We assessed the long-term outcomes 

of patients according to CRC location. Right-sided CRC was 
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Fig. 1. Kaplan-Meier curves showing disease free survivals of colorectal cancer patients according to MSI status and tumor location. CRC, 
colorectal cancer; MSI, microsatellite instability; MSS, microsatellite stable.

Table 2. Baseline Characteristics of Patients with Right-sided CRC 
according to MSI Status

Characteristics MSS (n=195) MSI (n=55) p-value

Age at diagnosis (years) 68.1 (10.2) 67.3 (11.9)   0.628

Male 103 (52.8)   26 (47.3)   0.467

Histology   0.001

  Well differentiated   43 (22.1)     8 (14.5)

  Moderato differentiated 137 (70.3)   33 (60.0)

  Poorly differentiated     5 (2.6)   10 (18.2)

  Mucinous type   10 (5.0)     4 (7.3)

Tumor stage   0.430

  I   33 (16.9   10 (18.2)

  II   65 (33.3)   27 (49.1)

  III   74 (38.0)   15 (27.2)

  IV   23 (11.8)     3 (5.5)

Chemotherapy   0.357

  No   93 (47.7)   31 (56.4)

  Yes 102 (52.3)   24 (43.6)

Values are presented as mean±standard deviation or n (%).
CRC, colorectal cancer; MSI, microsatellite instability; MSS, microsatellite 
stable.

defined as CRC originating proximal to the splenic flexure, 

and left-sided CRC as CRC arising distal to this site. Detailed 

clinical data including patient ages, genders, tumor locations, 

histopathologies, tumor stages, and receipt of chemotherapy 

were collated. This study was approved by the Institutional 

Review Board of Kosin University Gospel Hospital (KUGH 

2018-02-016).

2. Assessment of MSI

MSI testing was conducted in accord with the Bethesda 

guidelines using a panel of five microsatellite loci, which was 

composed of three dinucleotide repeat markers (D2S123, 

D5S346, D17S250) and two mononucleotide repeat markers 

(BAT25 and BAT26). MSI-H was defined as instability in ≥2 

or the 5 markers, and MSI-low (MSI-L) was defined as in-

stability in one marker. MSS was defined as the absence of 

instability in any of the 5 markers.

3. Patient follow-up and statistical analysis

Disease-free survival (DFS) was defined at time from date 

of CRC diagnosis to recurrence or final follow-up. Continuous 

and categorical variables were analyzed using the student’s 

t-test or the chi-square test, as appropriate. Receiver operat-

ing characteristic curves were used to differentiate the ability 

of MSI to predict long-term outcomes. Kaplan-Meier curves 

were used to construct survival curves based on cumulative 

incidences and survivals were compared using the log rank 

test. A Cox proportional hazards regression model was used 

to assess factors affecting DFS. P-values of <0.05 were con-

sidered significant, and the analysis was performed using IBM 

SPSS Statistics version 23.0 (IBM Co., Armonk, NY, USA).

RESULTS

1. Baseline characteristics

Between January 2004 and December 2016, 1,009 pa-

p=0.846 p=0.013
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Fig. 2. Kaplan-Meier curves showing disease free survivals of female colorectal cancer patients according to MSI status and tumor location. 
CRC, colorectal cancer; MSI, microsatellite instability; MSS, microsatellite stable.

Fig. 3. Kaplan-Meier curves showing disease free survivals of male colorectal cancer patients according to MSI status and tumor location. 
CRC, colorectal cancer; MSI, microsatellite instability; MSS, microsatellite stable.

tients diagnosed with CRC underwent MSI testing; 250 pa-

tients had right-sided CRC and 759 patients had left-sided 

CRC. Patient baseline characteristics are summarized in Table 1. 

Tumor locations (right- or left-sided) were not significantly re-

lated to age, histology, or tumor stage, but differed sig-

nificantly by gender. The median follow-up duration was 25 

months (interquartile range, 15-38).

2. MSI status according to tumor location

One hundred twenty-four (12.3%) of the 1,009 study sub-

jects had MSI; 55 patients had right-sided CRC and 69 had 

left-sided CRC, which was a significant difference (22.0% 

vs. 9.1%, p<0.001) (Table 1). In the 75 patients with MSI-H, 

44 had right-sided CRC (17.6%) and 31 had left-sided CRC 

(4.1%), which was also significant. However, in the 49 patients 

with MSI-L, 11 had right-sided CRC (4.4%) and 38 had 

left-sided CRC (5.0%), and this difference was not significant.

3. Assessment of DFS according to MSI status

For right-sided CRC, patients with MSI (MSI-L or MSI-H) had 

a significantly higher mean DFS than patients with MSS 

(p=0.013), but this was not observed in left-sided CRC 

(p=0.846) (Fig. 1). Baseline characteristics of patients with 

right-sided CRC according to MSI status are summarized in 

Table 2. No significant differences were observed between 

patients with MSI or MSS with respect to age, sex, or tumor 

p=0.319 p=0.035

p=0.652 p=0.146
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Fig. 4. Kaplan-Meier curves showing disease 
free survivals of colorectal cancer patients 
according to MSI status and tumor stage. CRC,
colorectal cancer; MSI, microsatellite instability;
MSS, microsatellite stable.
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Table 3. Predictors of Poor Disease-free Survival 

Predictor
Right-sided CRC

HR 95% CI p-value

Age 1.03 0.99-1.06 0.108

Gender (female vs. male) 1.06 0.55-2.01 0.871

Hemoglobin 0.94 0.82-1.09 0.401

Albumin 0.60 0.29-1.26 0.180

Lymphatic invasion 1.90 0.96-3.76 0.064

Vascular invasion 0.49 0.19-1.26 0.138

Peri-neural invasion 3.71 1.72-8.04 0.001

MSS vs. MSI 3.21 1.13-9.14 0.029

CRC, colorectal cancer; HR, hazard ratio; CI, confidence interval; MSS, 
microsatellite stable; MSI, microsatellite instability.

Table 4. Predictors of Poor Disease-free Survival among Women

Predictor
Right-sided CRC

HR 95% CI p-value

Age 1.02 0.97-1.07 0.456

Hemoglobin 0.96 0.77-1.20 0.702

Albumin 0.37 0.13-1.07 0.065

Lymphatic invasion 2.39 0.93-6.16 0.070

Vascular invasion 0.31 0.04-2.70 0.290

Peri-neural invasion 2.25 0.77-6.61 0.139

MSS vs. MSI 4.83 1.06-21.95 0.042

CRC, colorectal cancer; HR, hazard ratio; CI, confidence interval; 
MSS, microsatellite stable; MSI, microsatellite instability.

stage, but histologies differed significantly. Furthermore, fe-

male patients with MSI and right-sided CRC had a significantly 

higher mean DFS than those with MSS (p=0.035), but this 

was not observed for female patients with left-sided CRC 

(p=0.319) (Fig. 2). However, no significant difference was ob-

served between the mean DFSs of male patients with right-or 

left-sided CRC and MSI or MSS (Fig. 3). Furthermore, no sig-

nificant association was observed between tumor stage and 

microsatellite status or CRC sidedness (Fig. 4).

4. Factors affecting long-term outcomes

Cox regression analysis was used to identify clinicopatho-

logic factors that affected the DFS of patients with right-sided 

CRC. Multivariate analysis showed perineural invasion and 

MSI were significant prognostic factors in patients with 

right-sided CRC. More specifically, right-sided CRC patients 

with perineural invasion had poorer DFS than those without 

(hazard ratio [HR] 3.71, 95% CI 1.72-8.04, p=0.001), and pa-

tients with MSS had poorer DFS than those with MSI (HR 

3.21, 95% CI 1.13-9.14, p=0.029) (Table 3). No such relations 

were not found for left-sided CRC.

Multivariate analysis of male and female patients with 

right-sided CRC showed MSS significantly affected DFS (MSS 

vs. MSI, HR 4.83, 95% CI 1.06-21.95, p=0.042) but not 

peri-neural invasion in right-sided CRC (Table 4). No such rela-

tions were observed for male patients with right-sided CRC.

DISCUSSION

This study shows, especially for women, right-sided CRC 

patients with MSI have a better prognosis than right-sided 

patients with MSS and that MSI is a useful prognostic fac-

tor of long-term outcome in right-sided CRC. Although MSI 

is found in only ~15% of sporadic CRC patients, it is con-

sidered a good prognostic marker in CRC and a predictable 

marker for immunotherapy.7,9,14,15 According to the National 

Comprehensive Cancer Network guidelines, stage II CRC pa-

tients with MSI-H may have a good prognosis and do not 

benefit from 5-fluorouracil-based adjuvant chemotherapy.16 

Conversely, it is recommended adjuvant chemotherapy be 

considered for stage II CRC patients with MSI-L or MSS.16 

In the present study, subanalysis was performed on pa-

tients with MSI-H or MSI-L and right- or left-sided CRC. The 

analysis showed for right-sided CRC, patients with MSI 

(MSI-L or MSI-H) had a lower mean recurrence rate than 

patients with MSS. Pawlik et al.17 found MSI-H tumors usu-

ally arise from epigenetic silencing of the mismatch repair 

gene MLH1, and that MSI-L tumors, like MSS tumors, ap-

pear to arise through the chromosomal instability carcino-

genesis pathway. Nazemalhosseini et al.18 reported that 

CRC patients with MSI-L had a poorer survival rate than pa-

tients with MSI-H or MSS tumors. Additional studies are re-

quired to clarify the role played by MSI-L in CRC. In the 

present study, only 49 of the study subjects had MSI-L, and 

of these only 11 patients had MSI-L and right-sided CRC. 

Notably, no recurrence occurred in patients with right-sided 

CRC and MSI-L, but 4 (9.1%) of the 44 right-sided CRC pa-

tients with MSI-H, and 41 (21.0%) of the 195 right-sided 

CRC patients with MSS experienced recurrence (data not 

shown).

Some studies have reported left-sided CRC has a better 

prognosis than right-sided CRC, because left-sided CRC can 

be diagnosed at an early stage by sigmoidoscopy or by appa-

rent symptoms, such as rectal bleeding.19-21 Patients with 
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right-sided CRC are more likely to be older, female, be diag-

nosed with more advanced disease, and to have poorly differ-

entiated tumors.21 A systemic review and meta-analysis 

showed patients with right-sided CRC had a significantly poor-

er prognosis than left-sided CRC, and it was suggested 

right-sided CRC patients should be treated differently from 

left-sided CRC patients.22 In the present study, we inves-

tigated prognostic factors in patients with right-sided CRC, and 

interestingly, we noticed the proportion of poorly differentiated 

or mucinous tumors in MSI was significantly greater than in 

MSS (Table 2), and that the long-term outcomes of patients 

with MSI were better than those of patients with MSS. 

Furthermore, we found MSI usefully predicted long-term out-

comes in patients with right-sided CRC.

Recently, gender-associated differences in CRC have at-

tracted considerable interest. Some have reported epidermal 

growth factor receptor signaling in liver differs between female 

and male mice, and suggested this difference may influence 

the prognosis of CRC patients with liver metastasis.23,24 In 

a retrospective cohort study of 39,325 CRC patients that un-

derwent surgical resection, it was shown women presented 

more emergently and at an older age and had a longer ad-

justed survival than men.25 In addition, a recent meta-analysis 

concluded female CRC patients had significantly better overall 

survival and cancer-specific survival rates than male CRC 

patients.26 In the present study, female right-sided CRC pa-

tients with MSI had a significantly better prognosis than those 

with MSS. Although further studies are needed, these results 

suggest that gender significantly affects the long-term out-

comes of CRC patients.

This study had some limitations that warrant mention. First, 

it is limited by its retrospective, single center design, which 

means selection bias could not be avoided, though we did 

try to minimize bias by repeatedly reviewing medical records. 

Second, the male to female ratios of patients with right-sided 

and left-sided CRC were significantly different. To address this 

shortcoming, we performed sub-group analysis by gender in 

patients with right-sided and left-sided CRC.

In conclusion, the present study shows MSI usefully pre-

dicts DFS in patients with right-sided CRC, especially in female 

patients. Based on the results of this study, we suggest MSI, 

tumor location, and gender are important considerations dur-

ing initial assessments in terms of the prediction of long-term 

outcomes.
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