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Abstract N
The colorectal cancer (CRC) patients with microsatellite instability (MSI) have distinct clinicopathological characteristics |
consisting of factors predicting positive and negative outcomes, such as a high lymph node harvest and poor differentiation. In this
study, we measured the value of MSI as a prognostic factor after controlling for these discrepant factors. A total of 603 patients
who underwent curative surgery for stages | to Ill colorectal cancer were enrolled. The patients were divided into microsatellite
instability high (MSI-H) and microsatellite stable/microsatellite instability low (MSS/MSI-L) groups. Propensity score matching was
used to match clinicopathological factors between the 2 groups. MSI-H patients had a high lymph node harvest (median: 31.0 vs
23.0, P <.001), earlier-stage tumors (P < .001), advanced T stage (89.3% vs 74.0%, P=.018), and poor differentiation (19.6% vs
2.0%, P<.001). Survival analysis showed better survival in the MSI-H group, but the difference was not statistically significant
(P=.126). Propensity score matching was performed for significant prognostic factors identified by Cox hazard regression. After
the matching, the survival difference by MSI status was estimated to be larger than before, and reached statistical significance
(P=.045). In conclusion, after controlling for pathological characteristics, MSI-H could be a potent prognostic factor regarding
patient survival.

Abbreviations: AlC = Akaike information criterion, BIC = Bayesian information criterion, CRC = colorectal cancer, DFS = disease-
free survival, LNR = lymph node ratio, LNs = lymph nodes, MSI = microsatellite instability, MSI-H = microsatellite instability high, MSI-
L = microsatellite instability low, MSS = microsatellite stable, NCCN = National Comprehensive Cancer Network, OS = overall

survival, THN = total harvest of lymph nodes.
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1. Introduction

Microsatellite instability (MSI) is caused by mutations in DNA
mismatch repair genes such as MLH1, MSH2, MSH6, and
PMS2,"" and it is found in 10% to 15% of sporadic colorectal
cancers (CRCs).>! The presence of MSI predicts a good
outcome in colorectal cancer.*! It was reported that the
survival rate of CRC patients with MSI is up to 15% higher as
compared with that of CRC patients with microsatellite stable
(MSS) tumors.!®! MSI status has a pivotal role in treatment
decisions for stage I CRC. The National Comprehensive
Cancer Network (NCCN) guideline does not recommend
chemotherapy for these patients because of the good prognosis
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of MSI high patients with stage Il CRC. However, the reason
for their good prognosis remains unclear. In addition, MSI has
several problems that limit its use as a practical prognostic
factor across all stages of CRC.

Several research groups have reported contradicting results that
MSI was not statistically correlated with overall survival (OS) or
disease-free survival (DFS).!%”! This result may be explained by the
fact that MSI CRCs have distinctive clinical features, with a
mixture associated with both good and poor outcomes. MSI tends
to show an increased total number of harvested lymph nodes (LNs)
after surgery.!® " The increased harvesting of LNs presents a good
prognosis by itself.!"?! In addition, it has been reported that MSI
has a positive correlation with not only an increase in harvesting
LNs, but also in appropriate LNs harvest (LNs > 12), which is
recommended by NCCN guidelines for accurate staging and a
good prognosis.'1371%1 On the other hand, there are studies
showing that MSI has a strong association with poor differentia-
tion pathologically, which is a robust factor predicting a poor
outcome. 51617

Recent molecular biology studies have discovered some
mechanisms for the correlation between MSI and prognosis,
such as an immune reaction in cancers."'®°! Even though a high
LN harvest is an expression of the immune reaction in MSI-H
patients, other external factors, such as surgical skill and the
experience of the pathologist, can affect LN harvest. In order to
establish a base for research about MSI as well as suitable
practical usage, it is necessary to evaluate the exact value of MSI
as a prognostic factor without the biases of the clinical features.
Hence, the aim of this study was to determine the value of MSI as
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a prognostic factor after reducing the biases of clinicopathologi-
cal features.

2. Methods

2.1. Patient selection

This research project was approved by the institutional review
board of Korea University Guro Hospital (IRB No.
KUGH14152-001). This included 603 consecutive patients
who underwent curative surgery for colorectal cancer between
September 2009 and December 2014 at the Korea University
Guro Hospital in Seoul, South Korea. Patients were excluded if
they had stage IV colon cancer or received preoperative
concurrent chemoradiotherapy, which has been reported as a
significant factor to decrease the number of harvested LNs after
rectal cancer surgery.!*%! Patients with suspected Lynch syndrome
or patients with synchronous colon cancer were also excluded.
The stage I patients received no chemotherapy and stage III
patients received FOLFOX chemotherapy as first-line treatment.
Almost all stage II patients received 5-FU chemotherapy, except
for the stage II patients with high risk factors who underwent
FOLOX chemotherapy. Patients with hereditary nonpolyposis
CRC and familial adenomatous polyposis were excluded. The
clinicopathological information of the patients was obtained
from their electronic medical records through a retrospective
review. Patient follow-up was conducted every 3 to 6 months
after surgery in the outpatient care department of our hospital.
The end-point of this study was cancer-specific death. To obtain
accurate mortality information, the death-date and death-cause
data of the patients were collected from the National Cancer
Registration Program of Korea.

2.2. Operation and LN harvest

The standard treatment procedure for primary tumors was
resection of the affected segment of the bowel, including the main
tumor and en bloc resection of regional LNs. After surgery, the
specimen was delivered to the Department of Pathology for
staging evaluation. If the number of LNs found from the CRC
specimen were not adequate (the number of LNs < 12), another
attempt was made to search for more LNs. However, additional
techniques such as fat clearance were not used. The LN ratio
(LNR) was calculated from the number of metastatic LNs divided
by the total number of harvested LNs.

To analyze MSI status, genomic DNAs were extracted for PCR
amplification from paraffin-embedded tumor tissues. The set of
microsatellite markers consisted of 2 mononucleotides repeat
markers (BAT25 and BAT26) and 3 dinucleotide repeat markers
(D2S123, D5S346, and D17S250). MSI-H was defined as
instability in 2 or more markers; MSI-L, as instability in a single
marker; and MSS, as no evidence of instability in the markers. In
previous studies, MSI-H showed a different clinicopathologic
phenotype from MSI-L or MSS.®! MSI-L also appears to
originate from chromosomal instability, unlike MSI-H.*"!
Therefore, we divided the patients into 2 groups: MSI-H and
MSI-L/MSS. If the location of the tumor was proximal to the
splenic flexure, we defined it as proximal colon cancer.

2.3. Statistical analyses

Statistical analyses were conducted by using R version 3.3.2 (R
Foundation for Statistical Computing, Vienna, Austria). The
Mann—Whitney test was used to analyze statistical differences in
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clinicopathological features of MSI status. For categorical
variables, a chi-square test or Fisher exact test was used. The
survival rate in each group was analyzed by using the Kaplan—
Meier method with the log-rank test to estimate the statistical
significance. The factors that affected survival were identified by
using univariate analysis with the Cox hazard regression model.
Akaike information criterion (AIC) and Bayesian information
criterion (BIC) were used for selection of the better-fitted model in
Cox analysis. In the multivariate analysis, the fitted model was
decided by the lowest value of AIC. P value less than .05 was
considered to be significant.

Propensity score matching!*?! was performed using the R
package, Matchlt, for reducing the bias of the pathologic
characteristics of patients.!**! The significant prognostic factors
revealed by univariate Cox analysis were selected as covariates
and matched with the optimal method. The selected covariates
are as follows: differentiation, T stage, N stage, and LNR. The
propensity score was generated by a generalized linear model.
With one to one matching, 56 people were assigned to each

group.

3. Results

3.1. Comparison of clinicopathological features based on
MSI status in all stages

Among the 603 patients, 56 (9.3%) had MSI-H CRC (Table 1).
MSI-H CRC presented with a proximal location (67.9% vs
22.3%, P<.001), advanced T stage (89.3% vs 74.0%, P=.02),
and poor differentiation (19.6% vs 2.0%, P<.001). Most
patients with MSI-H were stage II, whereas the patients with
MSS/MSI-L accounted for the largest proportion of patients with

Clinical and pathological features of 603 colorectal cancer patients
who underwent surgical resection with a comparison between
MSI-H patients and MSS patients.

MSI-H MSS & MSI-L
(N=56) (N=547) P value
Age <70 28 (50.0%) 332 (60.7%) 16"
> 70 28 (50.0%) 215 (39.3%)
Gender Female 21 (37.5%) 230 (42.0%) 61"
Male 35 (62.5%) 317 (58.0%) .
Tumor location Proximal 38 (67.9%) 122 (22.3%) <.001"
Distal 18 (32.1%) 425 (77.7%) .
Differentiation Well 5 (8.9%) 69 (12.6%) <.001"
Moderately 40 (71.4%) 467 (85.4%)
Poorly 11 (19.6%) 1 (2.0%)
Stage | 6 (10.7%) 111 (20.3%) <.001"
I 33 (58.9%) 170 (31.1%)
i 17 (30.4%) 266 (48.6%)
T stage 1-2 6 (10.7%) 142 (26.0%) 02"
34 50 (89.3%) 405 (74.0%)
N stage 0 39 (69.6%) 281 (51.4%) 03"
1 12 (21.4%) 171 (31.3%)
2 5 (8.9%) 95 (17.4%)
Appropriate Adequate 55 (98.2%) 524 (95.8%) 607
lymph node (=12 N
(LN) harvest
Poor (< 12 LN) 1 (1.8%) 23 (4.2%)

LN =lymph node, MSI-H=microsatellite instability high, MSI-L = microsatellite instability low, MSS =
mlcrosatelllte stable.

“ Chi- square test.
"Fisher's exact test.
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Comparison of lymph node features according to MSI status.

All stages Stage 3
MSI-H (N=>56) MSS & MSI-L (N=547) P value MSI-H (N=>56) MSS & MSI-L (N=547) P value
THN Median [Q1-Q3] 31.00 [27.00-45.00] 23.00 [17.50-32.50] <.001 32.00 [27.00-45.00] 24.00 [18.00-33.00] .01
ML Median [Q1-Q3] 0.00 [0.00-1.00] 0.00 [0.00-2.00] .01 2.00 [1.00-4.00] 2.00 [1.00-5.00] .25
LNR Median [Q1-Q3] 0.00 [0.00-0.02] 0.00 [0.00-0.10] .01 0.06 [0.03-0.11] 0.105 [0.06-0.21] .01

LNR =Ilymph node ratio, ML =metastatic lymph node, MSI-H=microsatellite high, MSI-L = microsatellite low, MSS =microsatellite stable, Q1 =first quantile, Q3 =third quantile, THN =total harvested lymph

node.
Mann-Whitney U test.

stage III (P<.001). In the nodal stage, MSS/MSI-L patients
showed more aggressive node metastasis (P=.03). Generally,
MSI-H was more strongly correlated with early stage CRCs than
MSI-L/MSS. There was no relationship between MSI status and
appropriate LN harvest (> 12; P=.35).

3.2. Comparison of the total number of harvested LNs,
metastatic LN, and LNR based on MSI status

Across all stages, the total harvest of LNs (THN) was statistically
significantly higher in MSI-H patients (median: 31.0 vs 23.0,
P<.001) (Table 2). The number of metastatic LNs was
significantly lower in MSI-H patients, and LNR was also lower
in MSI-H patients (P=.01). For further evaluation, THN,
metastatic LNs, and LNR were examined in stage III. THN was
also significantly higher in MSI-H of stage III (median: 32.0 vs
24.0, P=.01). Unlike in all stages, the number of metastatic LNs
did not differ according to MSI status in stage III. However, LNR
was still lower in MSI-H patients than in MSS/MSI-L patients
(median: .06 vs.105, P=.01). The comparative distribution of
lymph node features according to MSI status is shown in Figure 1.

3.3. Survival analysis and identifying the risk factors by
Cox hazard regression model

The plots of the survival analysis according to MSI status across
all stages are shown in Figure 2. The median follow-up duration
was 47.76 months. There was a better prognosis of patients with
MSI-H colorectal cancer. However, it did not reach a statistically
significant difference (P=.13). Cox hazard regression was
performed to identify the clinicopathological factors affecting
the survival rate. The LNR was divided into 2 groups based on
the median value of 0.091 (Table 3). In univariate analysis, old
age, poor differentiation, advanced T stage and N stage, high
stage, and higher LNR values were found to be statistically
significant predictors of poor outcomes. One interesting finding is
that LNR was a better predictor of prognosis than N stage (N
stage vs LNR; AIC: 697.16 vs 696.03, BIC: 699.22 vs 698.09). In
this analysis, MSI status was not identified as a statistically
significant prognostic factor (P=.14). Multivariate analysis was
performed on MSI status and the factors proved statistically
significant in the univariate analysis. Age, differentiation, T stage,
and LNR were identified as significant prognostic factors in
multivariate analysis. In this analysis, MSI was still not
statistically significant.

3.4. Propensity score matching of the significant
clinicopathological factors

Among the significant prognostic factors identified by univariate
Cox analysis, the degree of differentiation, stage, T stage, N stage,

and LNR were factors related to MSI status (Table 1). The poor
differentiation, advanced T stage, early N stage and low LNR
were associated with MSI-H. Among these factors, poor
differentiation, and advanced T stage were associated with a
poor prognosis, and the other factors correlated with MSI-H
were associated with a good prognosis.

To reduce the differences due to these factors, 1:1 patient
matching was performed between the MSI-H and MSS/MSI-L
group by propensity score matching. The matching variables
were pathologic factors including differentiation, T stage, N
stage, and LNR. After matching, there was no significant
difference in pathological factors between the 2 groups (Table 4).
The median follow-up period of the matched patients was 37.53
months. Kaplan Meier survival analysis was performed accord-
ing to MSI status (Fig. 3). The S-year survival rate was 95.8%
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Figure 1. A comparison of lymph node features according to MSI status. (A) All
stages, (B) stage 3. LNR=Ilymph node ratio, ML=metastatic lymph node,
THN=total harvested lymph nodes (* P value < .05, ** P value <.01).
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Figure 2. Cancer-specific survival plots by MSI status. MSI=microsatellite
instability.

(95% CI: 90.3%-100%) in the MSI-H group and 74.5% (95%
CL 56.1%-98.8%) in the MSS/MSI-L group. Surprisingly, the
difference in survival rate was greater than before matching, and
achieved statistical significance (P value=.0435).

4. Discussion

The results of this study showed that colon cancer patients with
MSI-H have a mixture of good and bad clinicopathological
characteristics, which is consistent with the findings of previous
studies,'”** such as more common in the right colon, early stage,
poor differentiation, and higher LN harvest. The survival rate
was better in the MSI-H CRC group, but the difference was not
statistically significant. However, after correcting for the
pathologic factors including differentiation, T stage, N stage,
and LNR by propensity score matching, the survival rate became
statistically significant, indicating a better prognosis in MSI-H
patients, which is supported by many studies.!'%11:25!

The MSI-H phenotype was reported as a factor associated with
improved prognosis, which is supported by many studies.['%!1-2]
However, its mechanism has not been discovered yet. One of the
mechanisms was thought to be a relationship between the
immunological reaction of patients with MSI-H and improved
prognosis.*®! Buckowitz et al”®”! reported that enhanced
lymphocytic infiltration accompanied by a reaction similar to
that in Crohn disease increased host immunity, which could

Medicine

prevent metastasis. This increases local immunity can help the
immune response against the cancer by presenting more
neoantigens.'*®! This study confirmed the higher total number
of harvested LNs in the MSI-H phenotype group, which has been
previously shown to be a predictor of a good prognosis.''?! These
results match those observed in earlier studies. Sereide et al'®
suggested the Crohn disease-like reaction as a reason for the
higher total number of harvested LNs from the specimens of MSI-
H CRCs. In addition, a Dutch study found that high LN yields
were significantly associated with the MSI-H phenotype in stage
II colon cancer.'!! The relationship between MSI-H and a high
total number of harvested LNs is a possible explanation for the
better survival rates of patients with MSI-H CRCs.

This study has been unable to demonstrate a relationship
between MSI status and adequate LN harvest (harvested LN >
12). Adequate LN harvest was recommended by the NCCN
guidelines to improve survival and provide guidelines for
adjuvant therapy. Some studies found a positive association
between the MSI-H phenotype and adequate LN retrieval.l'314!
This inconsistency may be due to the variability in adequate node
harvest proportions during surgery. A previous study demon-
strated sufficient node harvest operations in just 67% of
patients."* Adequate LN harvest in colon cancer surgery was
achieved in only 50% to 60% of surgeries prior to 2005, after
which it has been increasing annually.!**! In this study, it was up
to 95%. Many factors influence adequate node harvest in
surgery, including patient age, race, specialized surgeon and
pathologist, and hospital volume.!****! The patients enrolled in
our study had several factors that could increase the proportion
of adequate LN harvest, such as Asian race, large hospital
volume, and a colon specialized surgeon. These factors are likely
to be related to the sufficient LNs harvest. Thus, the current study
showed that MSI status was not associated with adequate node
harvest under optimal LN harvest conditions.

This study provides new insights into LNR according to MSI
status. Low LNR was proven to be a strong predictor of a good
outcome.!'>*1321 Although some studies have evaluated the
clinical characteristics of CRC with MSI-H, there is little
published data on LNR correlated with MSI. If MSI status is
associated with the total number of harvested LNs, we can
consider the possibility of a relationship between MSI status and
LNR. Ferri et al®®3! reported no association between MSI status
and LNR. Contrary to the previous study, this study found a
significant relationship of MSI-H with low LNR in both all stage
and stage III. These findings may help us to understand why MSI-
H CRC patients show better survival.

Cox proportional hazard regression for clinical characteristics.

Univariate analysis

Multivariate analysis

Factors Hazard ratio P value Hazard ratio P value
Age >70vs <70 2.51 (1.49-4.23) .01 2.93 (1.72-4.98) <.001
Gender Male vs female 0.92 (0.55-1.54) 75 - -
Cancer location Proximal vs distal 1.26 (0.73-2.21) 4 - -
Differentiation Poorly vs well-moderately 3.62 (1.55-8.43) .01 4.36 (1.81-10.49) .01
Stage s -l 2.42 (1.40-4.19) .01 - -
T stage T3—4 vs T1-2 3.75 (1.50-9.38) .01 2.90 (1.14-7.39) .03
N stage N1-2 vs NO 242 (1.40-4.19) .01 - -
Total harvested LN >23vs < 23 0.84 (0.50-1.41) .51 - -
LNR > 0.091 vs < 0.091 2.51 (1.50-4.20) <.001 2.26 (1.32-3.87) .01
MSI status MSS vs MSI-H 2.87 (0.70-11.75) 14 4.13 (0.96-17.86) .06

LN=Ilymph node, LNR=Iymph node ratio, MSI-H=microsatellite high, MSI-L = microsatellite low, MSS = microsatellite stable.
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Clinical and pathological features after propensity score matching.

MSI-H MSS & MSI-L
(N=56) (N=56) P value
Age <70 28 (50.0%) 34 (60.7%) 34"
> 70 28 (50.0%) (39 3%)
Gender Female 21 (37.5%) 0 (53.6%) 13"
Male 35 (62.5%) (46 4%)
Tumor location  Proximal 38 (67.9%) 8 (32.1%) <.001"
Distal 8 (32.1%) 38 (67.9%)
Differentiation ~ Well 5 (8.9%) 4 (7.1%) 37
Moderately 40 (71.4%) 46 (82.1%)
Poorly 11 (19.6%) 6 (10.7%)
Stage [ 6 (10.7%) 6 (10.7%) 1"
I 33 (58.9%) 33 (58.9%)
i 17 (30.4%) 17 (30.4%)
T stage 1-2 6 (10.7%) 6 (10.7%) 1"
3-4 50 (89.3%) (89 3%)
N stage 0 39 (69.6%) 9 (69.6%) 1"
1 2 (21.4%) (21 A4%)
2 5 (8.9%) 5 (8.9%)
LNR Median [@1-Q3]  0.00 [0.00-0.02] 0.00 [0.00-0.03]  .90%

LN=Ilymph node, LNR=Ilymph node ratio, MSI-H=microsatellite high, MSI-L=microsatellite low,
MSS = microsatellite stable, Q1=first quartile, Q3 =third quantile.

) Chi-square test.

 Mann-Whitney U test.

Consistent with the result of this study, most previous studies
have reported that MSI-H is more commonly observed in
proximal colon cancers than in distal colon cancers.*3¢!
Although the significant difference of Cox hazard ratio between
proximal colon cancer and distal colon cancer was not shown in
this study, proximal colon cancer is generally known to have
poor prognosis compared to distal colon cancer,*>*”! and the
molecular feature of proximal colon cancer differs from that of
distal colon cancer. The proximal colon cancer exhibits more
frequent BRAF mutation and CpG island methylation,!3¢-38!
which is associated with poorer prognosis. Therefore, the higher
incidence of MSI-H in proximal colon cancer is likely to be one of
the factors that makes it difficult to determine the value of MSI as
a prognostic factor.

A positive correlation between poor differentiation and MSI-H
was confirmed again in the present study. Several investigators
have reported that MSI-H CRC is correlated with poor
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Figure 3. Cancer-specific survival after propensity score matching based on
MSI status. MSI=microsatellite instability.
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differentiation.**%*%1 However, it is unclear how this affects
the survival rate. Xiao et al''”! showed a better prognosis for
poorly differentiated MSI than MSS CRC, but it was not
statistically significant. In contrast to LNs, there is much less
information about poor differentiation in MSI CRC. However, it
is believed that this factor could confuse the true direction of MSI
in evaluating the prognosis of CRC patients, and thus, an
evaluation of it without the confounding factors is necessary. In
addition, the advanced T stage in MSI-H patients is another
confounding factor for MSI-H to be a good prognostic factor. In
this study, advanced T stage was observed in MSI-H patients
although the difference of frequency was not large. The advanced
T stage in MSI-H has not been reported in the other study groups.
However, considering that advanced T stage is associated with
proximal colon cancer,!*!) this may be related to cancer location
rather than MSI status. To determine the value of MSI as a
prognostic factor, these confounding factors should be reduced.

After propensity score matching was used, the stage of the
MSS/MSI-L group shifted in the lower direction and showed
exactly the same distribution with the MSI-H group. Poor
differentiation and proximal colon cancer were still more
common in the MSI-H group, because the incidence of those
cases in the MSS/MSI-L groups was very low. Nonetheless,
contrary to expectations, the survival rate differed more than
before matching. The MSS/MSI-L group showed a significantly
lower survival rate than MSI-H. This means that MSI-H is an
independent prognostic factor after correcting for clinicopatho-
logical factors, and it suggests that there might be a molecular
biologic mechanism associated with the good prognosis of MSI-
H CRC regardless of clinical features.

There are several limitations of this study. First, it is a single-
center retrospective study and thus carries the possibility of
selection bias. To decrease this bias, we enrolled all consecutive
patients for the study population just after routine MSI testing
was begun for patients with CRCs who underwent surgery.
Second, this study did not consider the exact effect of
chemotherapy. CRC with MSI-H has been reported to be less
responsive to 5-FU chemotherapy than MSS.[***! However,
most of the patients in all groups received 5-FU-based
chemotherapy, and thus, the effect of chemotherapy on the
outcomes would be expected to be minimal. However, further
studies should be carried out to investigate this point. Third, 1: 1
propensity score matching would lead selection bias by exclusion
of a large number of MSS/MSI-L groups. This is due to the
significantly lower incidence of MSI-H than MSS / MSS-L in
colorectal cancer. So, we tried to minimize the selection bias by
balancing the difference between the 2 groups in Table 4.
However, ideally further studies with higher number of MSI-H
patients are needed to overcome this limitation.

In conclusion, CRC with MSI-H has a positive relationship
with a high LN harvest, low LNR, and poor differentiation. MSI-
H showed a trend toward a better prognosis. Moreover, after
correcting for the same clinicopathological factors, the survival
difference between the 2 groups reached a statistically significant
level. MSI-H is a definitive prognostic factor associated with good
outcomes, and it is necessary to elucidate the undiscovered
molecular biologic mechanism of this.
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