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Prognostic and Predictive Significance of Microsatellite 
Status in Patients with Colorectal Cancer in Stage II and 
Stage III Disease: Single-Centre Experience
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Bojan Radovanović 3, Bojana Kožik 4

SUMMARY
Background: Colorectal cancer (CRC) is one of the leading causes of cancer-related morbidity and mortality 
worldwide. Microsatellite instability (MSI) is a crucial biomarker with prognostic and predictive value, influencing 
treatment decisions in CRC.
Methods: This retrospective study investigated the impact of the MSI status on clinical outcomes in 184 CRC 
patients treated at the Oncology Institute of Vojvodina between 2018 and 2023. The MSI status was determined 
using the immunohistochemical analysis of mismatch repair proteins. 
Results: Among the cohort, 75% of tumors were microsatellite-stable (MSS), 4.3% exhibited low MSI (MSI-L), 
and 20.6% displayed high MSI (MSI-H). MSI-H tumors were significantly associated with right-sided CRC, mu-
cinous differentiation, and female gender (p<0.05). The survival analyses revealed that the MSI-H patients with 
stage II disease had significantly better disease-free survival (DFS) and overall survival (OS) than the MSS coun-
terparts (p=0.024 and p=0.006, respectively). Conversely, the MSI-H status in stage II patients receiving ad-
juvant therapy was linked to shorter DFS (p=0.000), highlighting the limited benefit from 5-fluorouracil-based 
regimens. In stage III CRC, the MSI status did not significantly affect DFS or OS.
Conclusion: These findings underscore the dual role of MSI as a favorable prognostic marker in early-stage CRC 
and a predictor of the reduced benefit from adjuvant chemotherapy in stage II disease. This study emphasizes 
the need for individualized treatment strategies based on the MSI status and supports the potential integration of 
immunotherapy in the adjuvant setting for MSI-H CRC.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common 
malignancy worldwide and the second leading cause 
of cancer-related deaths (1). According to the data 
from 2021, approximately 4,500 new cases of col-
orectal cancer are registered annually in Serbia, placing 
it among the countries with the highest incidence of 
this cancer in Europe (2). Although colorectal cancer is 
considered a disease that affects the older population, 
the concerning trend of the rising incidence among 
younger patients under 50 years of age highlights the need 
to redefine the approaches to prevention, diagnosis, and 
treatment (3).
Modern oncology is based on the principles of indi-
vidualized and personalized treatment, enabling thera-
py to be tailored to each patient based on the specific 
characteristics of their tumor. A key element of this ap-
proach is the use of prognostic and predictive factors. 
One of the most important biomarkers in the context of 
colorectal cancer is microsatellite instability (MSI) (4). 
Testing for MSI is currently recommended for most pa-
tients after a CRC diagnosis, both for the screening of 
hereditary syndromes and for its prognostic and thera-
peutic implications.
MSI refers to genetic instability arising from defects 
in DNA repair mechanisms. Numerous studies have 
focused on evaluating MSI as a prognostic marker, 
especially in early-stage colorectal cancer, as well as 
on assessing its predictive role in treatments based on 

5-fluorouracil (5-FU). It is well established that MSI-
High (MSI-H) is associated with favorable prognostic 
outcomes and the lack of benefit from 5-FU-based treat-
ment in low-risk stage II CRC (5). Current guidelines 
therefore do not recommend adjuvant chemotherapy 
for these patients (6). Although the data on the predic-
tive value of the MSI status for adjuvant chemotherapy 
remain controversial, it is known that the MSI status 
has predictive significance in terms of the absence of 
the benefits from 5-FU-based adjuvant therapy in stage 
II patients. On the other hand, the benefits from the ad-
juvant treatment with fluoropyrimidines combined with 
oxaliplatin-based regimens (CAPOX/FOLFOX) for stage 
III patients regarding the MSI status are still debatable.
The aim of this study is to examine the impact of the 
MSI status on the effectiveness of adjuvant therapy in 
patients with stage II and III colorectal cancer. Under-
standing this relationship is crucial for improving the 
treatment strategies and achieving better outcomes for 
patients.

MATERIALS AND METHODS
This observational (retrospective) study included a 
total of 184 patients who underwent surgery for col-
orectal cancer from January 2018 to June 2023. All the 
patients included in the study had histopathologically 
verified colorectal cancer. The pathohistological param-
eters that were analyzed included the tumor type, grade 
of differentiation, presence of lymphovascular and peri-
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neural invasion, number of examined and affected lymph 
nodes, resection margins, clinical course of the disease 
presented using disease-free survival (DFS), overall sur-
vival (OS), as well as the microsatellite status.
The microsatellite status determination was performed 
at the Oncology Institute of Vojvodina. Formalin-Fixed 
Paraffin-Embedded (FFPE) tissue samples were sec-
tioned at 4 μm onto Superfrost glass slides and stained 
according to the manufacturer’s protocols using the 
Ventana Benchmark GX system (Ventana Medical 
Systems, Tucson, USA). Four immunohistochemical 
antibodies were used to assess the microsatellite in-
stability (MSI) status, in line with the revised Bethesda 
Guidelines.
The immunohistochemical analysis was performed 
using antibodies against PMS2 (ready-to-use, Dako), 
MLH1 (ready-to-use, Dako), MSH2 (ready-to-use, 
Dako), and MSH6 (ready-to-use, Dako). The intact or 
positive expression was defined as nuclear reactivity/
staining within tumor cells, while the loss of expression 
was defined as a lack of nuclear staining in tumor cells 
with internal positive controls (lymphocytes, stromal 
cells, non-neoplastic mucosa). Tumors were considered 
MSI if there was a loss of nuclear expression of one or 
more analyzed proteins. MSI-L tumors exhibited a loss 
of expression in one MMR protein, while MSI-H tumors 
showed a loss in two or more analyzed proteins.
The data were collected from the electronic database of 
the Institute. The study was conducted in accordance 
with the Declaration of Helsinki and approved by the 
Ethics Committee.
The patients were grouped based on the stage of dis-
ease and the microsatellite status into two categories: 
microsatellite-stable tumors (MSS, including MSI-L) 
and microsatellite-unstable tumors (MSI). The cor-
relation of the microsatellite status was analyzed in 
regards to pathohistological features, disease stage, 
and clinical course depending on the application of ad-
juvant chemotherapy in stage III disease. Additionally, 
the impact of the microsatellite status on disease-free 
survival and overall survival was examined.

Statistical analysis 
Continuous variables were analyzed using the Stu-
dent’s t-test or one-way ANOVA. For contingency vari-
ables, the chi-squared test or Fisher’s exact two-tailed 
test was applied when the expected counts were be-
low five. Continuous data are presented as a mean ± 
standard deviation (X±SD), while categorical data are 
shown as the number of cases with their correspond-
ing percentages. The Kaplan-Meier method was used 
to estimate the overall and disease-free survival distri-
butions, and the differences were assessed using the 
Log-rank test. A P-value of less than 0.05 was deemed 
statistically significant for all analyses. All statistical 
evaluations were conducted with the licensed Sigma 
Plot 14.0 software.

RESULTS 
Study Population 
The clinicopathological characteristics of the CRC pa-
tients included in this study are summarized in Table 1. 
The study included 184 patients, with a median age of 
62 years (range: 29–71 years). The cohort comprised 
56.5% males and 43.5% females. Most patients had a 
tumor stage of T3/4 (83.3%), with 12.1% being lymph 
node positive and 3.3% having metastatic disease. The 
majority (69.9%) were at TNM stage II. Of the total CRC 
patients, 104 had left-sided including the rectum and 
78 had CRC right-sided CRC. Regarding the postopera-
tive treatment, 54.1% received adjuvant therapy. 

Table 1. The clinicopathological characteristics of colorectal cancer 
(CRC) patients.

Clinicopathological Parameteres Number of Patients (%)

Age median

<62 87 (47.3%)

≥62 97 (52.7%)

Gender

Male 104 (56.5%)

Female 80 (43.5%)

Pathological T-stage

T1 5 (2.7%)

T2 28 (15.2%)

T3 117 (63.6%)

T4 34 (18.5%)

Pathological N-stage

N0 159 (86.4%)

N1 11 (6.0%)

N2 14 (7.6%)

Metastatic disease

Yes 7 (3.8%)

No 177 (96.2%)

TNM Stage

TNM I 29 (15.7%)

TNM II 128 (69.6%)

TNM III 20 (10.9%)

TNM IV 7 (3.8%)

Localization

left-sided CRC 105 (57.0%)

right-sided CRC 79 (43.0%)

Mucinous Component of The 
Tumor

No 133 (72.3%)

Yes 51 (27.7%)

Gradus

G1 17 (9.2%)

G2 147 (79.9%)

G3 20 (10.9%)

LVI

Positive 67 (36.4%)

negative 117 (63.6%)

PNI

positive 59 (32.0%)

negative 125 (68.0%)
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Clinicopathological Parameteres Number of Patients (%)

Tumor budding

Low  96 (52,2%)

Intermediate 27 (15.1%)

High 61 ( 32.7%)

Adjuvant treatment

Yes 100 (54.1%)

No 84 (45.9%)

The association between MSI Status and Clinicopathological Features

Table 2. The relationship between the MSI status and clinical-pathological factors.

Clinicopathological Parameteres
MSI type

p
MSS (%) MSI-L (%) MSI-H (%)

Age median 60.188±10.179 51.750±14.280 57.553±14.949 0.079

Gender

Male 83/104 (79.8) 7/104 (6.7) 14/104 (13.5)
0.007

Female 55/80 (68.8) 1/80 (1.3) 24/80 (30.0)

Pathological T-stage

T1/T2 27/33 (81.8) 2/33 (6.0) 4/33 (12.2)
0.463

T3/T4 111/151 (72.9) 6/151 (4.6) 34/151 (22.5)

Pathological N-stage

N0 121/159 (76.1) 7/159 (4.4) 31/159 (19.5)
0.959

N1/N2 17/25 (68.0) 1/25 (4.0) 7/25 (28.0)

Metastatic disease

Yes 7/7 (100.0) 0/7 (0.0) 0/7 (0.0)
0.364

No 131/177 (74.0) 8/177 (4.5) 38/177 (21.5)

TNM Stage

TNM I 24/29 (82.8) 1/29 (3.4) 4/29 (13.8)

0.654
TNM II 94/128 (73.4) 6/128 (4.7) 28/128 (21.9)

TNM III 13/20 (65.0) 1/20 (5.0) 6/20 (30.0)

TNM IV 7/7 (100.0) 0/7 (0.0) 0/7 (0.0)

Localization

left-sided CRC 96/105 (91.4) 3/105 (2.8) 6/105 (5.8)
0.000

right-sided CRC 41/79 (51.9) 5/79 (7.6) 38/79 (40.5)

Mucosal Component of The Tumor

No 106/133 (79.7) 6/133 (4.5) 21/133 (15.8)
0.031

Yes 32/51 (62.7) 2/51 (3.9) 17/51 (33.3)

Gradus

G1 13/17 (76.5) 1/17 (5.9) 3/17 (17,6)

0.148G2 114/147 (77.5) 6/147 (4.1) 27/147 (18.4)

G3 11/20 (55.0) 1/20 (5.0) 8/20 (40.0)

LVI

Positive 54/67 (80.6) 2/67 (3.0) 11/67 (16.4)
0.327

negative 84/117 (71.8) 6/117 (5.1) 27/117 (23.1)

PNI

positive 44/59 (74.5) 3/59 (5.1) 12/59 (20.4)
0.976

negative 94/125 (75.2) 5/125 (4.0) 26/125 (20.8)

Tumor budding

Low 82/96 (85.4) 4/96 (4.2) 10/96 (10.4)

0.149Intermediate 15/27 (55.6) 2/27 (7.4) 10/27 (37.0)

High 41/61 (67.2) 2/61 (3.3)   18/61 (29.5)

Adjuvant treatment

Yes 87/100 (87.0) 4/100 (4.0) 9/100 (9.0)
0.000

No 51/84 (60.7) 4/84 (4.8) 29/84 (34.5)
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Among the 184 selected CRC patients with the deter-
mined microsatellite instability (MSI) status, 138 pa-
tients (75%) were MSS, while 8 patients (4.3%) had 
low MSI (MSI-L), and 38 patients (20.6%) had high 
MSI (MSI-H). Table 2 displays the clinical and histo-
pathological features of the patients and tumors asso-
ciated with the MSI status.
The identified MSI-H status in the analyzed cohort was 
significantly linked to the female gender (p=0.007), 
right-sided CRC (p=0.000), mucosal component of the 
tumors (p=0.031), and absence of adjuvant treatment 
(p=0.000). The remaining analyzed clinicopathologi-
cal parameters did not show a statistically significant 
association with the MSI status (p>0.05 in all tests).

The impact of the microsatellite instability (MSI) sta-
tus on the relapse of disease and death outcome 
Among all the CRC patients, 168 (91.3%) remained 
alive throughout the follow-up period, while there were 
16 cases (8.7%) where death outcomes were record-
ed. Additionally, 38 patients (30.6%) experienced a 
confirmed recurrence of the disease. The MSI status 
concerning the disease’s outcome and relapse is dis-
played in Table 3. The obtained results demonstrated 
that the MSI status was not significantly associated 
with the frequency of local recurrences and metastasis 
(p=0.764). The death outcomes were mostly detected 
in MSS patients (10.9% vs. 0% for MSI-L and 2.6% 
for MSI-H), although the observed distribution was not 
statistically significant (p=0.188).

Table 3. The association between the MSI status and the outcomes and relapse of the disease.

MSI Status
Relapse of Disease Death Outcome

YES
n (%)

NO
n (%) p YES

n (%)
NO

n (%) p

MSS 30/138 (21.7) 108/138 (78.3)

0.764

15/138 (10.9) 123/138 (89.1)

0.188MSI-L 1/8 (12.5) 7/8 (87.5) 0/8 (0.0) 8/8 (100.0)

MSI-H 7/38 (18.4) 31/38 (81.6) 1/138 (2.6) 37/38 (97.4)

Figure 1. The Kaplan-Meier survival curves for overall (A) and disease-free survival (B), stratified by the MSI status.

(A) (B)

The overall survival and disease-free survival rates 
in relation to MSI status
In this study, the median follow-up period after surgery 
was 35.5 (range: 9.0–140.0) months. The median 
survival without the recurrence of the disease was 32 
(range 4.0-140.0) months. To estimate the differenc-
es in the overall and disease-free survival among the 
CRC patients according to the MSI status, the Log-rank 
tests were used. The obtained results demonstrated 
that there were no significant difference in OS and 
DFS among the group of patients with MSI-H versus 
the MSS and MSI-L patients group (p=0.181 and 
p=0.613, respectively) (Figure 1).
The prognostic and predictive implications of the micro-
satellite instability (MSI) status were further analyzed in 
patients with colorectal cancer (CRC) in relation to the 
TNM stage and the use of adjuvant therapy. To evalu-
ate the combined impact of the MSI and TNM stage on 
overall survival (OS) and disease-free survival (DFS), 
we established four categories: MSS, MSI-L/TNM II; 
MSI-H/TNM II; MSS, MSI-L/TNM III; and MSI-H/TNM 
III. The combined survival analysis showed that the 
MSS and MSI-L/TNM III group had the shortest OS 
(51.245 ± 5.748 months) and DFS (42.194 ± 7.729 
months (Figure 2). Additionally, we observed that the 
MSI-H/TNM II group had significantly better overall sur-
vival and disease-free survival compared to the MSS 
and MSI-L/TNM III, and MSI-H/TNM III groups (OS: 
p=0.006; DFS: p=0.024) (Figure 2).
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The combined prognostic effect of the microsatellite 
instability (MSI) status and adjuvant therapy was 
assessed by comparing overall survival (OS) and 
disease-free survival (DFS) among four groups of 
patients: MSS, MSI-L with adjuvant therapy (MSS,M-
SI-L/adj+), MSI-H with adjuvant therapy (MSI-H/
adj+), MSI-H with no adjuvant therapy (MSI-H/adj-) 
and MSS with no adjuvant therapy (MSS,MSI-L/adj-). 
The log-rank test revealed that MSI-H patients who 
received adjuvant therapy had the shortest DFS, with a 
mean of 59.832 ± 2.632 months (p = 0.006), com-
pared to the other three groups. However, no signifi-

cant difference in OS was observed among these four 
categories of CRC patients (p = 0.277) (Figure 3).
Among the patients in stage TNM II who received adju-
vant treatment we noted that the patients with a MSI-H 
status had significantly shorter DFS than patients with 
MSS and MSI-L (14.000±1.000 vs. 61.604±2.446 
months, p=0.000), while these differences were not 
observed regarding overall survival (p=0.800) (Figure 
4). In patients with stage TNM III who received adjuvant 
therapy, we did not observe significant differences in 
OS and DFS among the groups regarding the MSI sta-
tus (OS: p=0.920; DFS: p=0.998).

Figure 3. The Kaplan-Meier survival curves representing overall survival (A) and disease-free survival (B), grouped by the MSI status and adjuvant 
therapy application.

(A) (B)

Figure 4. The Kaplan-Meier survival curves for overall (A) and disease-free survival (B) of the patients in the TNM II stage who received adjuvant 
therapy, stratified by the MSI status.

(A) (B)

Figure 2. The Kaplan-Meier survival curves representing overall survival (A) and disease-free survival (B), grouped according to the MSI status and TNM stage.

(A) (B)
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DISCUSSION
Colorectal cancer develops as a result of complex ge-
netic and epigenetic changes, significantly influenced 
by external factors. Understanding tumor biology, in-
cluding microsatellite instability (MSI) is key to per-
sonalized treatment, as it allows a better prediction of 
therapy responses. MSI is present in approximately 
15% of all colorectal cancer cases, and its prevalence 
is higher in the earlier stages of the disease (stage I–II: 
15–20%, stage III: 10–15%, stage IV: about 5%) (7-9). 
In our sample, 20% of the patients exhibited a MSI-H 
status, specifically 21.2% in stage II and 30% in stage 
III. The MSI-H status was statistically more frequently 
detected in females, likely due to the higher incidence 
of right-sided colorectal cancer in women compared 
to men (10,11). Right-sided colon cancers more often 
exhibit microsatellite instability compared to left-sided 
ones (12), which was also the case in our sample (p = 
0.000). Furthermore, colorectal cancers are more like-
ly to express a MSI-H status if they display mucinous 
differentiation (13), which was also shown in our study 
(p = 0.031).
The presence of MSI has multiple implications for the 
treatment of colorectal cancer patients. In stage II, 
where the disease is localized, MSI-positive tumors 
have a better prognosis and a lower risk of metasta-
sis compared to MSS tumors in terms of relapse-free 
survival, disease-free survival, and overall survival. 
Therefore, adjuvant therapy is not always necessary 
(14). In our study, MSS colorectal cancers, regardless 
of disease stage, more frequently developed relapses 
and death outcomes, though without statistical signif-
icance. Regarding stage II and the prognostic value of 
the MSI status, our study showed that patients with the 
MSI-H/TNM stage II disease had statistically signifi-
cantly better overall survival and disease-free survival 
compared to the other patient groups (OS: p = 0.006; 
DFS: p = 0.024).
In stage III, where the disease involves regional lymph 
nodes, the MSI status becomes potentially important 
for predicting therapy responses. Some studies impli-
cate that the mandatory application of adjuvant che-
motherapy for MSI-positive tumors in stage III is not 
recommended unless there are additional risk factors 
(15). Our results indicate that among the four observed 
groups (MSS/MSI-L vs. MSI-H, with vs. without adju-
vant therapy), the MSI-H group that received adjuvant 
therapy exhibited statistically significantly shorter DFS 
(p = 0.006) compared to other groups, but not OS (p 
= 0.277). A further analysis of the MSI status and ad-
juvant therapy regarding the TNM stage noted that DFS 
was significantly shorter in the MSI patients in II stage 
of the disease. A significant difference in DFS and OS 
regarding III stage was not observed. These facts con-
firm that MSI-H is a predictor of poor responses to ad-
juvant chemotherapy in II stage of the disease, possibly 
due to the resistance to the drug 5FU.
A meta-analysis by Tomasello et al. (16) showed that 

overall survival in MSI-H colorectal cancers in stage III 
was statistically significantly higher when the patients 
received any form of adjuvant chemotherapy compared 
to those who did not (HR 0.42, 95% CI 0.26–0.66;  
P < 0.01). The study concluded that the MSI status 
is an important predictive factor for radically resected 
colorectal cancers with positive lymph nodes. Regard-
ing the MSI status as a predictive factor for adjuvant 
therapy in stage II disease, Koenig et al. (17) indicated 
in their meta-analysis that patients with an MSS status 
benefitted from adjuvant chemotherapy (multivariate 
HR 0.52, p < 0.001), unlike the MSI patients who did 
not (p = 0.61). A meta-analysis by Guetz et al. ex-
amined both the stage II and III disease, considering 
the benefit of adjuvant therapy based on the MSI status 
(18). Their results suggested that adjuvant therapy did 
not improve survival in the MSI-H group, indicating that 
these patients should not receive adjuvant therapy un-
less other poor prognostic factors are present, such as 
perforation, pT4 stage, or lymphovascular or perineural 
invasion.
The study also has its limitations. First, it is retrospective 
and conducted in a single healthcare institution, limiting 
its generalizability. Second, this study did not evaluate 
if stage III patients that were MSI-H and who received 
adjuvant treatment had unfavorable prognostic factors 
such as perforation, pT4 stage, and lymphovascular or 
perineural invasion had different outcomes compared 
to the same group of patients that were MSI-L/MSS. 
Also, the analysis did not include the patients with met-
astatic colorectal cancer, for whom MSI plays a critical 
role in treatment decisions, given the proven superiority 
of immunotherapy as a first-line treatment compared to 
chemotherapy alone for the MSI-H patients (19).

CONCLUSION
Based on the results of this study, it can be concluded 
that microsatellite instability is an important prognos-
tic and predictive marker in colorectal cancer. Ongoing 
studies are investigating the efficacy of adjuvant im-
munotherapy in patients with MSI-H colorectal cancer, 
with the hope of replacing chemotherapy in the adju-
vant regimen for this patient group, especially those at 
high risk of disease relapse. Further research is needed 
to better define the predictive value of the MSI status 
in the context of adjuvant chemotherapy, particularly 
in stage III disease, to develop new therapeutic strat-
egies for patients with deficient MMR systems. In the 
future, integrating new molecular biomarkers into clin-
ical practice could significantly improve the treatment 
selection and reduce the risk of recurrence in colorectal 
cancer management.
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