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Purpose. Microsatellite instability (MSI) is an important biomarker in stage
II colorectal cancer where representative tumors are associated with dis-
tinct pathological features and favorable prognosis. This study aimed to
compare clinical features and outcomes between tumors with high micro-
satellite instability (MSI-H) and microsatellite stability (MSS).

Methods. This retrospective study included patients with pathological
stage 11 colorectal cancer (CRC) who underwent curative surgery between
January 2015 and December 2021 at a single tertiary hospital. Patients
were classified as having MSI-H or MSS based on mismatch repair pro-
tein expression by immunohistochemistry. Clinical features, recurrence
patterns and survival outcomes were analyzed.

Results. A total of 162 patients were included, with 14 patients classified
as MSI-H (8.6%). High microsatellite instability tumors were more fre-
quently right-sided, larger than 5 centimeters, and less likely to meet high-
risk criteria. Fewer patients received adjuvant chemotherapy in the MSI-
H group. No early recurrence occurred in the MSI-H group, compared to
6.1% in the MSS group. After a median follow-up of 65 months, the me-
dian disease-free survival (DFS) rates and median overall survival (OS)
rates were not reached. The five-year recurrence-free survival rate was
92.9% for high microsatellite instability and 81.8% for stable cases (p =
0.332). Overall survival was similar between groups.

Conclusion. Although we demonstrated that stage Il colorectal cancer
with MSI-H shows distinct clinical features and a favorable trend in DFS,
our findings support guidelines that do not recommend routine adjuvant
chemotherapy for these patients who are stage Il with MSI-H and in the
absence of high-risk factors.

[J Soc Colon Rectal Surgeon (Taiwan) 2026,37:61-70)

C olorectal cancer (CRC) remains one of the lead-
ing causes of cancer-related morbidity and mor-
tality worldwide. Among patients with non-metastatic

disease, approximately 20% are diagnosed with stage
I CRC, which is typically managed with surgical re-
section alone, although the decision to administer ad-
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juvant chemotherapy in stage II CRC remains com-
plex and controversial.'”

Microsatellite instability (MSI), a hallmark of de-
fective mismatch repair ({AMMR), is present in ap-
proximately 15-20% of stage II CRCs and has em-
erged as a key molecular biomarker with both prog-
nostic and predictive significance.>* Microsatellite in-
stability-high (MSI-H) tumors are characterized by
right-sided predominance, larger tumor size, mucinous
histology and increased immune cell infiltration.>”’
Importantly, multiple studies have demonstrated that
MSI-H status is associated with a favorable prognosis
and limited benefit from fluoropyrimidine-based ad-
juvant chemotherapy.'##

Despite these insights, the clinical behavior of
MSI-H versus microsatellite stability (MSS) tumors
in stage Il CRC remains an area of ongoing investi-
gation, particularly in real-world, population-spe-
cific cohorts.’ In addition, the interaction between
MSI status and other clinicopathological features
such as tumor size, location, B-Raf proto-oncogene
(BRAF)/rat sarcoma viral oncogene homolog (RAS)
mutation, and high-risk factors warrants further eva-
luation.'®!!

The aim of this study is to compare the clinico-
pathological characteristics and oncologic outcomes,
including disease-free survival (DFS) and overall sur-
vival (OS) between MSI-H and MSS tumors in pa-
tients with stage II colorectal cancer treated in a single
center and to better understand the prognostic value of
MSI status.

Materials and Methods
Patients and study design

This retrospective cohort study included patients
diagnosed with pathological stage II colorectal cancer
who underwent curative surgical resection between
January 2015 and December 2021 at Kaohsiung Med-
ical University Chung-Ho Memorial Hospital. We fol-
lowed up the enrolled patients till January 2025. Pa-
tients were categorized into two groups based on MSI
status: the MSI-H group and the MSS group. Inclu-

sion criteria were histologically confirmed stage II
colorectal adenocarcinoma (American Joint Commit-
tee on Cancer 8th edition), while exclusion criteria in-
cluded unknown MSI status and incomplete follow-up.

Data collection

Clinical, pathological, and oncologic data were
retrospectively extracted from institutional medical
records. The variables collected for analysis included
patient demographics (age categorized as > 65 years
or < 65 years, and sex), tumor characteristics (loca-
tion, histological type, differentiation, tumor size with
a cutoff at 5 cm, presence of lymphovascular invasion
or perineural invasion, and the number of lymph nodes
retrieved), and performance status based on the Eastern
Cooperative Oncology Group (ECOG) score (grouped
as 0-1 or > 2). Tumor location was defined anatomi-
cally, with right-sided tumors encompassing the ce-
cum to the transverse colon, and left-sided tumors in-
cluding the descending colon to the rectum.

Laboratory data included preoperative and 1-month
postoperative carcinoembryonic antigen (CEA) le-
vels, using 5 ng/mL as the cutoff value. Molecular
profiles such as BRAF and RAS mutation status were
also recorded when available. High-risk features of
stage II colorectal cancer were identified according to
the NCCN guidelines, including factors such as T4 le-
sions, poor differentiation, lymphovascular invasion,
perineural invasion, bowel obstruction or perforation,
positive surgical margins, and retrieval of fewer than
12 lymph nodes. Treatment-related variables included
whether patients received adjuvant chemotherapy. In
addition to recurrence status, we specifically docu-
mented early recurrence, defined as tumor recurrence
occurring within 12 months after surgery.

Oncologic outcomes of interest were DFS defined
as the time from randomization to recurrence of tumor
or death, and OS defined as the time from the date of
randomization until the date of death or the last date of
follow-up.

MSI testing

MSI status was determined using immunohisto-
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chemistry (IHC) for the four mismatch repair (MMR)
proteins: MutL Homolog 1 (MLH1), MutS Homolog
2 (MSH2), MutS Homolog 6 (MSH6), and Postmeio-
tic Segregation Increased 2 (PMS2). Tumors were
classified as MSI-H if there was a loss of expression
of at least one of these proteins, while tumors with in-
tact expression of all four proteins were considered
MSS.

Statistical analysis

Categorical variables were compared using the
chi-square test; survival analyses were conducted us-
ing the Kaplan-Meier method; and group comparisons
were assessed using the log-rank test. All statistical
analyses were performed using SPSS version 27 (IBM
Corp., Armonk, NY, USA), with a p value <0.05 con-
sidered statistically significant.

Ethical considerations

The study was conducted in accordance with the
principles of the Declaration of Helsinki and Good
Clinical Practice guidelines. The study protocol was
reviewed and approved by the Institutional Review
Board of Kaohsiung Medical University Hospital (IRB
No. KMUHIRB-E(1)-20200036).

Results
Study population and disposition

A total of 265 patients were initially identified.
Seventeen patients were excluded due to lack of MSI
testing, and of the remaining 248 patients, 21 were
identified as having MSI-H tumors and 227 as having
MSS tumors. Among these, 7 patients from the MSI-
H group and 79 patients from the MSS group were ex-
cluded due to loss of follow-up for more than one year.
After exclusions, 14 patients with MSI-H and 148 pa-
tients with MSS tumors were included in the final an-
alysis. The CONSORT diagram is presented in Fig. 1.

Clinicopathological characteristics

Actotal of 162 patients with stage II colorectal can-
cer were included in this study, comprising 14 patients
(8.6%) with MSI-H tumors and 148 patients (91.4%)
with MSS tumors. The comparison of clinicopatholo-
gical features between the two groups is summarized
in Table 1.

No statistically significant differences were ob-
served between MSI-H and MSS groups regarding
gender (p =0.130), age group (= 65 vs. <65 years, p =
0.750), ECOG performance status (p = 0.533), preop-

‘ Patients with stage |l colorectal cancer (n=265) ‘

Excluded (n=17)
* No test for MS| status (n=17)

’ Stage |l colorectal cancer patients with MS| status (n= 248) ‘

Patients with MSI-High (n=21) l

] Patients with MSS(n=227) ‘

4" Loss follow up for more than 1 year (n=7) ‘

44 Loss follow up for more than 1 year (n=79)

Patients with MSI-High (n=14) ‘

’ Patients with MSS(n=148) ‘

Fig. 1. CONSORT diagram of this study. The final enrolled patients for analysis were 162 patients. Collection was from
January 2015 to December 2021, and database was locked for final analysis on January 2025. Median follow-up

time was 65.0 months (range 4 to 119 months).
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Table 1. Clinicopathological features of the 162 enrolled stage II colorectal cancer patients

Total (n=162) MSI-H' (n = 14) MSI-L? (n = 148) p-value
Baseline n n (%) n (%)
Gender 0.130
Male 89 5(35.7) 84 (56.8)
Female 73 9 (64.3) 64 (43.2)
Age (y/o) 0.750
> 65 76 6 (42.9) 70 (47.3)
<65 86 8 (57.1) 78 (52.7)
ECOG’ 0.533
0-1 158 14 (100) 144 (97.3)
>2 4 0(0) 4(2.7)
Clinical features
Pre-operation CEA* 0.583
> 5 (ng/mL) 40 2 (14.3) 38 (25.7)
<5 (ng/mL) 115 11 (78.6) 104 (70.3)
Missing data 7 1(7.1) 6(4.1)
Post-operation CEA® 0.823
> 5 (ng/mL) 11 1(7.1) 10 (6.8)
<5 (ng/mL) 147 13 (92.8) 134 (90.5)
Missing data 4 0(0) 4(2.7)
Location <0.001*
Right-sided colon® 45 12 (85.7) 33 (22.3)
Left-sided colon’ 117 2 (14.3) 115 (77.7)
Adjuvant chemotherapy <0.001*
Yes 151 9 (64.3) 142 (95.9)
No 11 5@35.7) 6(4.1)
Early recurrence® 0.342
Yes 9 0(0) 9(6.1)
No 153 14 (100) 139 (93.9)
Recurrence 0.294
Yes 28 1(7.1) 27 (18.2)
No 134 13 (92.9) 121 (81.8)
Pathological features
Stage 0.604
A 152 14 (100) 138 (93.2)
B 8 0(0) 8(5.4)
1c 2 0(0) 2(1.4)
Tumor size <0.001%*
>5cm 51 11 (78.6) 40 (27.0)
<5cm 109 3(21.4) 106 (71.6)
Missing data 2 0(0) 2(1.4)
Lvr’ 0.384
Yes 17 0(0) 17 (11.5)
No 144 14 (100) 130 (87.8)
Missing data 1 0(0) 1(0.7)
PNI" 0.435
Yes 32 1(7.1) 31(20.9)
No 129 13 (92.9) 116 (78.4)
Missing data 1 0(0) 1(0.7)
Type 0.662
Adenocarcinoma 160 14 (100) 146 (98.6)

Mucinous carcinoma 2 0(0) 2(1.4)
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Table 1. Continued

Total (n=162) MSI-H' (n = 14) MSI-L? (n = 148) p-value
High/low risk group 0.017*
High 84 3(21.4) 81 (54.7)
Low 78 11 (78.6) 67 (45.3)
BRAF" mutation <0.001*
Wild type 21 535.7) 16 (10.8)
Mutation 2 2(14.3) 0(0)
No test 139 7 (50.0) 132 (89.2)
RAS' mutation 0.496
Wild type 13 2 (14.3) 11 (7.4)
Mutation 6 1(7.1) 534
No test 143 11 (88.6) 132 (89.2)

Note. Data are given as no. (%) except where otherwise noted.

T p-value was calculated by the Chi-square test for the categorical data. * Statistical significance.
! MSI-H, microsatellite instability-high; > MSI-L, microsatellite instability-low; * ECOG, Eastern Cooperative Oncology Group;
4 CEA, carcinoembryonic antigen; ° Post-operative CEA, 1-month postoperative carcinoembryonic antigen; ° right-sided colon,

cecum + ascending colon + transverse colon; ’ left-sided colon, descending colon + sigmoid colon + rectosigmoid junction + rectum;

§ Early recurrence, recurrence within 12 months after the curative operation; > LVI, lymphovascular invasion; '° PNI, perineural

invasion; ! BRAF, v-Raf murine sarcoma viral oncogene homolog B; 12 RAS, rat sarcoma virus.

erative CEA level (p = 0.583), postoperative 1-month
CEA level (p = 0.823), lymphovascular invasion (p =
0.384), perineural invasion (p = 0.435), histological
subtype (p = 0.662) or RAS mutation status (p = 0.496).
A significantly higher proportion of MSI-H tumors
were located in the right-sided colon (85.7%) com-
pared to MSS tumors (22.3%) (p <0.001) while being
more likely larger with 78.6% measuring > 5 c¢m, in
contrast to 27.0% in the MSS group (p <0.001).
Adjuvant chemotherapy was administered less
frequently in the MSI-H group (64.3%) than in the
MSS group (95.9%) (p <0.001). In the MSI-H group
(n = 14), 9 patients (64.3%) received adjuvant che-
motherapy. Among them, 7 received oral Uracil-Te-
gafur (UFUR) and 2 received oxaliplatin, leucovorin,
and fluorouracil (FOLFOX6). When stratified by
risk, of the 3 high-risk patients, 2 received UFUR
and 1 did not receive chemotherapy. Among the 11
low-risk patients, 5 received UFUR, 2 received FOL-
FOX6, and 4 did not receive chemotherapy. In the
MSS group (n = 148), 142 patients (95.9%) received
adjuvant chemotherapy. Of these, 99 received single-
agent oral chemotherapy and 43 received fluoroura-
cil-based combination chemotherapy. Among the 83
high-risk patients, 31 received combination therapy,
while among the 67 low-risk patients, 12 received

combination therapy and the rest received single-agent
oral chemotherapy.

Regarding risk stratification, only 21.4% of MSI-
H patients met the high-risk criteria defined by the
NCCN, compared to 54.7% in the MSS group (p =
0.017). Furthermore, BRAF mutations were found ex-
clusively in the MSI-H group (14.3%), with none de-
tected in the MSS group (p < 0.001). No early recur-
rence was observed in the MSI-H group, while 6.1%
of the MSS group experienced early recurrence (p =
0.342).

Similarly, overall recurrence did not differ signifi-
cantly between the groups (7.1% in MSI-H vs. 18.2%
in MSS, p =10.294). In the MSI-H group, only one pa-
tient experienced disease recurrence, which manifested
as peritoneal carcinomatosis. In contrast, among the
27 patients with recurrence in the MSS group, a wider
spectrum of metastatic patterns was observed. Speci-
fically, there were 4 cases of local recurrence, 9 cases
of peritoneal carcinomatosis, 8 cases of liver metasta-
sis, 6 cases of lung metastasis, 4 cases of distant lymph
node involvement, and 1 case of ovarian metastasis. It
is important to note that several patients had meta-
stases involving multiple sites; therefore, the total count
of metastatic locations exceeds the number of recur-
rent cases.
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Survival analysis

At the cut-off time (January 2025), the median
time of follow-up was 65 months (range 4 to 119).
The medians for both DFS and OS were not reached
during the study period, reflecting the overall favor-
able prognosis of this stage II colorectal cancer co-
hort. Although the 5-year DFS rate appeared numeri-
cally higher in the MSI-H group compared to the MSS
group, the difference was not statistically significant
(» = 0.332). Notably, the DFS curves appeared stable
beyond 60 months, with a 5-year DFS rate 0f 92.9% in
the MSI-H group and 81.8% in the MSS group, fur-
ther suggesting durable disease control in both sub-
groups. The number of patients at risk at each time
point is shown in the corresponding Kaplan-Meier
survival curve (Fig. 2A). Similarly, no significant dif-
ference in overall survival was observed between the
MSI-H and MSS groups (p = 0.178). The OS curve
and number at risk are illustrated in Fig. 2B.

Discussion

In this retrospective analysis of 162 patients with
pathological stage II colorectal cancer, we compared
clinicopathological features and survival outcomes
between patients with MSI-H and MSS tumors. Our
findings support the well-established molecular and
clinical distinction between these two subtypes and
offer further insight into their implications for treat-
ment strategies. The MSI-H group exhibited a strong
predilection for the right-sided colon, larger tumor
size (= 5 cm), and lower frequency of high-risk fea-
tures as defined by NCCN guidelines. These findings
are consistent with prior reports that highlight the uni-
que phenotype of MSI-H tumors where they are more
commonly found in the proximal colon and exhibit
poor differentiation, mucinous histology and lympho-
cytic infiltration.'>'* Several large-scale studies also
report that MSI-H is associated with a higher tumor
burden yet paradoxically better prognosis due to an
activated immune microenvironment.**!> The exclu-
sive presence of BRAF mutations in the MSI-H group
in our study is also consistent with previous literature,

particularly among sporadic MSI-H cases, which are
often driven by MLH1 promoter hypermethylation
and BRAF"%"F mutations.'®'® In addition, KRAS mu-
tations have been shown to coexist with MSI-H status
and are associated with poorer outcomes in certain
molecular contexts. %!

One of the significant findings in our study was
the markedly lower rate of adjuvant chemotherapy ad-
ministration in the MSI-H group (64.3% vs. 95.9%, p
< 0.001). This reflects the current clinical consensus
that MSI-H status, especially in the absence of high-
risk features, is not benefited from 5-fluorouracil-
based adjuvant therapy. The ASCO guideline update

(A) 5] msi
= —MSIH

P=0.332

Disease-Free survival Probability

] 12 2 36 48 60 72 8 9% 108 120

Months after operation
No. at risk
MSI-H 14 14 12 11 8 7 3 2 45 1
MSI-L 148 137 128 118 91 73 52 32 14 5 0

(B)

S}

MsI

~IMSEH
- MSEL

Overall Survival Probability
o
1
(o]
o=
~
00

Months after operation

&Os.l-a}: e 14 14 13 13 8 7 3 2 1 1 0

MSI-L 148 143 138 132 104 87 61 37 17 6 0

Fig. 2. Cumulative disease-free survival (DFS) rates and
overall survival (OS) rates of the 162 enrolled pa-
tients with stage II CRC, obtained using the Kaplan-
Meier method. Difference in DFS and OS were an-
alyzed using the log-rank test. The results demon-
strated that (A) DFS did not significantly differ be-
tween the two groups (p = 0.332); (B) OS did not
significantly differ between the two groups (p =
0.178).
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explicitly recommends against routine adjuvant che-
motherapy in stage II MSI-H patients due to lack of
efficacy and potential for harm.' Similarly, our study
observed no significant improvement in disease-free
or overall survival with chemotherapy in MSI-H pa-
tients, which is aligned with data from previous meta-
analyses and national database studies.*?>?* The dif-
ference in adjuvant chemotherapy used between the
MSI-H and MSS groups in our study reflects both mo-
lecular-guided decision-making and adherence to cli-
nical guidelines. The lower chemotherapy rate in MSI-
H patients aligns with current evidence suggesting
limited benefit of fluoropyrimidine-based therapy in
this subgroup. Additionally, the more frequent use of
combination chemotherapy in high-risk MSS patients
underscores risk-adapted treatment intensification.
Nevertheless, a subset of low-risk MSI-H patients still
received oral chemotherapy, which may indicate phy-
sician discretion or patient preference. These findings
highlight the evolving role of molecular profiling in
treatment decisions and the importance of personalized
care in stage I colorectal cancer. Additionally, despite
MSS patients receiving adjuvant chemotherapy more
frequently, survival benefit was not significantly su-
perior. This underscores the growing need for addi-
tional predictive markers beyond MSI status, such as
circulating tumor DNA (ctDNA).*

In our cohort, the MSI-H group demonstrated a
trend toward improved disease-free survival (DFS)
compared to the MSS group, although the difference
did not reach statistical significance (p = 0.332). This
favorable trend is consistent with previous studies re-
porting that MSI-H tumors in stage II colorectal can-
cer are associated with a lower risk of recurrence. No-
tably, in our cohort, all observed early recurrence events
occurred in the MSS group, while no early recurrence
was recorded in patients with MSI-H tumors. This re-
currence pattern, although not statistically significant,
further supports the trend of improved disease-free
survival in the MSI-H population. The MSS group
showed a more aggressive and widespread recurrence
pattern, in contrast to the limited recurrence observed
in MSI-H patients. This observation supports existing
evidence that microsatellite stable tumors may exhibit
a more invasive biological behavior, while high micro-

satellite instability tumors tend to follow a more indo-
lent clinical course. Meta-analyses and population-
based studies have shown that MSI-H status serves as
a positive prognostic factor, particularly in early-stage
disease.>*

The lack of statistical significance in our data could
be attributed to the small sample size in the MSI-H
group (n = 14), which limits the power of survival
analysis. Nonetheless, our findings are biologically
reasonable given the established immunogenicity of
MSI-H tumors, which might enhance tumor surveil-
lance and reduce recurrence despite the presence of
adverse features such as larger tumor size.*®* There
was also no statistically significant difference in over-
all survival (OS) between the MSI-H and MSS groups
(p = 0.178), and no clear directional trend was ob-
served. This result aligns with several reports suggest-
ing that while MSI-H status might influence recur-
rence risk, its impact on overall survival — particu-
larly in the context of stage Il disease — is less defini-
tive.’> The lack of OS difference could also reflect ef-
fective salvage therapies at recurrence and the overall
favorable prognosis associated with stage 11 CRC.

Several limitations should be acknowledged in the
interpretation of our findings. The retrospective and
single-institution design introduces potential selection
and information biases, despite standardized MSI testing
protocols and consistent follow-up, while the relatively
small number of MSI-H patients (n = 14) significantly
limits statistical power to detect differences in survival
outcomes, particularly for disease-free and overall sur-
vival analyses, contributing to the lack of statistically
significant findings despite observable trends.

Conclusion

In this retrospective study of stage II colorectal
cancer, MSI-H tumors were more frequently located
in the right-sided colon, exhibited larger tumor size,
and were less likely to present with NCCN-defined
high-risk features compared to MSS tumors. Although
no statistically significant differences were observed
in DFS and OS, the patients with MSI-H demonst-
rated a favorable DFS trend, consistent with existing
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literature. These findings reinforce the distinct bio-
logical behavior and prognostic implications of MSI-
H tumors and support current clinical guidelines that
discourage routine use of adjuvant chemotherapy in
stage II MSI-H patients without high-risk features.
Further prospective studies with larger cohorts are
warranted to validate these observations and refine
treatment strategies, particularly for molecularly de-
fined subgroups.
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