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ABSTRACT

Background. Microsatellite instability-high (MSI-H) status
in colorectal cancer is associated with a favorable prognosis,
but its predictive value for adjuvant chemotherapy (ACT)
benefit for patients with stage II disease remains contro-
versial, particularly when histopathologic risk factors are
taken into account. This study aimed to evaluate the impact
of ACT on overall survival (OS) for patients with stage 11
MSI-H colon cancer stratified by pathologic risk and stage
IIT MSI-H colon cancer.

Methods. A retrospective analysis of the National Cancer
Database (2013-2019) was performed, identifying 8025
patients with stage II or III MSI-H colon adenocarcinoma
who underwent surgical resection. The stage II patients were
stratified into low- and high-risk cohorts based on adverse
pathologic features including pT4 stage, lymphovascu-
lar invasion, perineural invasion, positive margins, or and
fewer than 12 lymph nodes examined. Inverse probability of
treatment-weighting was applied to balance the covariates,
and OS was estimated using weighted Kaplan-Meier and
Cox proportional hazards models.
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Results. Of the 8025 patients included in the study, 4981
had stage II disease and 3044 had stage III disease. Among
the 3501 low-risk stage II patients, ACT was administered
to only 5.9% and was not associated with an OS benefit
(hazard ratio [HR], 0.92; 95% confidence interval [CI]
0.58-1.47; p=0.73). In contrast, among the 1480 high-risk
stage II patients, 19.1% received ACT, which was associated
with a 62% reduction in mortality risk (HR, 0.38; 95% CI
0.25-0.57; p<0.001). Increasing histopathologic risk bur-
den correlated with higher mortality. In the stage III cohort,
ACT was administered to 66.5% of the 3044 patients and
significantly improved OS (HR, 0.53; 95% CI 0.45-0.62;
p <0.001). Notably, one third of the patients with stage III
disease did not receive ACT despite the guideline recom-
mendations for ACT in this population.

Conclusion. A patient’s MSI-H status alone should not
preclude the use of ACT in colon cancer. This study dem-
onstrated a significant survival benefit of ACT for both high-
risk stage II and stage III MSI-H patients. Histopathologic
risk stratification should guide treatment decisions for stage
II MSI-H colon cancer, and ACT may be recommended for
patients with multiple adverse pathologic features.

Microsatellite instability (MSI) defines a distinct molecular
subtype of colorectal cancer (CRC) marked by deficient DNA
mismatch repair and a hypermutated genomic profile.! Mis-
match repair-deficient/microsatellite instability-high (AMMR/
MSI-H) status, observed in approximately 10% to 20% of spo-
radic CRCs, has become an important biomarker influencing
both prognosis and therapeutic decision-making.? Generally,
MSI-H tumors are associated with more favorable clinical
outcomes than their microsatellite stable (MSS) counterpalrts.3
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The distribution of MSI-H tumors varies by disease stage,
representing a significant proportion of stage II (15-20%) and
stage III (8-12%) CRC cases.* The National Comprehensive
Cancer Network® (NCCN) guidelines recommend routine test-
ing for microsatellite instability in all newly diagnosed CRCs,
reflecting its growing importance in treatment planning. The
clinical relevance of MSI testing has been further empha-
sized by the U.S. Food and Drug Administration’s approval
of immune checkpoint inhibitors for metastatic MSI-H CRC.°
Recent clinical trials have demonstrated promising efficacy in
the early-stage setting.”'°

Although the prognostic value of MSI status has been
well-established, its predictive role for ACT benefit in stage
IT CRC remains controversial, largely due to limited studies
incorporating histopathologic risk stratification.*!! Tradition-
ally, MSI-H tumors have been perceived as unresponsive to
fluoropyrimidine-based ACT because of their distinct molec-
ular characteristics. However, this paradigm has been chal-
lenged by randomized clinical trials demonstrating disease-
free survival (DFS) and overall survival (OS) benefits of ACT
in stage III CRCs regardless of MSI status. Recent discus-
sions also have focused on optimizing the treatment duration
to prevent overtreatment with potential reductions in toxicities,
inconveniences, and costs associated with shorter treatment
regimens.*7+1213

Current treatment guidelines differ based on disease stage
and MSI status, yet a critical knowledge gap exists regarding
the optimal management and potential ACT benefits when his-
topathologic risk stratification is incorporated, particularly for
patients with stage II disease. For stage Il IMMR/MSI-H colon
cancer, the NCCN guidelines do not incorporate histopatho-
logic risk features in decisions regarding adjuvant treatment.’
The European Society of Medical Oncology (ESMO)'* guide-
lines stratify stage II disease into low-, intermediate-, and high-
risk groups. In the intermediate-risk group, MSI status plays a
critical role in guiding treatment decisions. Those with MSI-H
tumors are typically managed without ACT, whereas patients
with MSS are more likely to receive a full 6-month course.

Whereas current guidelines predominantly recommend
observation for patients with stage II MSI-H colon cancer,
our study explores whether comprehensive histopathologic
risk stratification could inform more personalized therapeutic
decisions regarding ACT for this population. Specifically, we
hypothesized that ACT may improve OS for a subset of high-
risk stage II MSI-H patients who have undergone upfront sur-
gery. To test this, we analyzed a large cohort from the National
Cancer Database (NCDB) to assess the impact of ACT on sur-
vival outcomes for patients with stage II or III MSI-H colon
cancer, incorporating histopathologic risk stratification.

METHODS
Study Design

We conducted a retrospective cohort study using data
from the NCDB, a hospital-based oncology registry jointly
sponsored by the American College of Surgeons and the
American Cancer Society. The NCDB captures approxi-
mately 70% of all newly diagnosed malignancies in the
United States and includes comprehensive patient-level data
from more than 1500 Commission on Cancer—accredited
institutions. All data used in this analysis were de-identified
and publicly available. Therefore, institutional review board
approval was not required.

Study Population

Patients with a diagnosis of stage II or III MSI-H colon
adenocarcinoma (ICD-0O-3 code 8140/3) between 2013
and 2019 were identified using the NCDB. The inclusion
criteria specified primary tumor location from the cecum
to the sigmoid colon and surgical resection. Patients were
excluded if they had stage I or IV disease, non-adeno-
carcinoma histology, appendiceal tumors, overlapping
lesions, or colon not otherwise specified (NOS), or had
undergone local excision or non-specified procedures.
Additionally, the study excluded patients who received
neoadjuvant therapy or any form of radiation therapy. Fur-
ther exclusions ruled out patients with MSS, MSI-low,
unknown, or inapplicable MSI status, and patients with
missing covariate data. To minimize guarantee-time bias,
patients who died within 90 days postoperatively also were
excluded because they would not have had the opportunity
to receive ACT.!

The patients were categorized into two cohorts according
to whether they received ACT. The stage II patients were
further stratified into low- and high-risk subgroups accord-
ing to the NCCN guidelines.” Our study defined high-risk
stage II disease by the presence of one or more of the fol-
lowing histopathologic features: pT4 disease, lymphovas-
cular invasion (LVI), perineural invasion (PNI), fewer than
12 lymph nodes examined, and positive surgical margins.

Study Outcomes and Variables

The main outcome of the study was OS in relation to
ACT administration. The patients with stage II disease were
stratified into high- and low-risk groups, whereas the stage
III patients were analyzed as a separate cohort without addi-
tional stratification. OS was defined as the time from the date
of diagnosis to death or the last known follow-up evaluation,
as reported in the NCDB.
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Patient demographics and clinical covariates included
age at diagnosis, gender, ethnicity, Charlson-Deyo comor-
bidity score, and year of diagnosis. Tumor-related vari-
ables included anatomic location (right vs left colon),
pathologic T stage, tumor grade, presence of LVI, PNI,
number of regional lymph nodes examined, and surgical
margin status.

Statistical Analysis

Descriptive statistics were used to summarize the base-
line demographic and clinical characteristics. Categorical
variables are reported as frequencies and percentages and
continuous variables as medians with interquartile ranges.
Comparisons of baseline characteristics before and after
adjustment were assessed using standardized mean differ-
ences (SMDs), with an SMD lower than 0.1 considered
indicative of good covariate balance.

To reduce confounding and estimate the effect of ACT
on OS, inverse probability of treatment-weighting (IPTW)
based on propensity scores was applied. We selected IPTW
over other propensity score methods (e.g., matching or
stratification) because it allows retention of the full sample
size while effectively balancing covariates between treat-
ment groups, thereby maximizing the statistical power and
generalizability of our findings. The IPTW procedure uses,
weights derived from propensity scores to create a pseudo-
population in which the distribution of the measured base-
line covariates is independent of the treatment assignment.

Propensity scores were estimated using logistic regres-
sion models tailored to each cohort, with receipt of ACT as
the dependent variable.'® For the low-risk stage I MSI-H
cohort, the covariates included age group (>65 vs <65
years), gender, ethnicity, Charlson-Deyo comorbidity score,
tumor location (right vs left colon), and year of diagnosis.
For the high-risk stages II and III MSI-H cohorts, the model
additionally included the pathologic T stage, LVI, PNI, num-
ber of lymph nodes examined, and surgical margin status.
Kernel density plots confirmed adequate overlap in propen-
sity scores between treatment groups after [IPTW, supporting
the validity of the weighted comparisons (Figs. S1 and S2).

After IPTW, OS was estimated using weighted Kaplan-
Meier methods and compared between groups. Weighted
Cox proportional hazards models were used to estimate
hazard ratios (HRs) with 95% confidence intervals (Cls).”
Kaplan—Meier curves without adjustment were generated for
each cohort to illustrate unadjusted outcomes (Fig. S1). For
the high-risk stage II MSI-H cohort, we developed a com-
posite risk score (range, 0—4) by summing the presence of the
following key adverse features (each contributing one point):
pT4 stage, LVI, PNI, positive surgical margins, and exami-
nation of fewer than 12 lymph nodes. This simple additive
approach was chosen to facilitate clinical interpretation and

application, with patients classified as having low (one risk
factor), intermediate (two risk factors), or high (three or more
risk factors) cumulative risk. Kaplan-Meier survival analysis
was performed using survfit function from the survival pack-
age in R with IPTW applied to minimize confounding and
evaluate OS across risk stratification. All statistical analyses
were performed using the R software (R Foundation for Sta-
tistical Computing, Vienna, Austria, Version 4.2.3).

RESULTS

The final cohort included 8025 patients with MSI-H
colon adenocarcinoma who underwent surgery, of whom
62.1% had stage II disease and 37.9% had stage III disease
(Fig. 1). Of the 8025 patients, 2515 (31.3%) received ACT,
whereas 5510 (68.7%) did not. The patients who received
ACT were significantly younger (median age, 66 vs 75
years; p<0.001), more likely to be male (44.7% vs 36.8%;
p<0.001), and less likely to have right-sided tumors (79.6%
vs 84.9%; p <0.001). Notably, ACT was far less common
among the stage II patients, with only 19.4% receiving ACT
compared with 80.6% of the stage III patients. In the stage
II cohort, the high-risk patients were more likely to receive
ACT (57.9%) than the low-risk patients (42.1%). Addition-
ally, high-risk pathologic features, including LVI, PNI, and
positive surgical margins, were significantly more prevalent
in the ACT group (all p <0.001) (Table 1).

Low-Risk Stage Il Cohort

Among the 3501 patients with low-risk stage Il MSI-H
colon cancer, only 206 (5.9%) received ACT, whereas the
vast majority (n=3295, 94.1%) underwent observation
alone. Before IPTW adjustment, the ACT recipients were
significantly younger and more likely to be male, with a
higher proportion having left-sided tumors (Table 2). After
IPTW adjustment to balance baseline characteristics, the
5-year OS showed no significant difference between the
ACT (83.3%) and no chemotherapy (81.4%) groups (HR,
0.92; 95% C1 0.58-1.47; p=0.73; Fig. 2A).

High-Risk Stage Il Cohort

Of the 1480 high-risk stage II patients, 1197 (80.9%) did
not receive ACT despite their high-risk profile. Only 283
(19.1%) received ACT. Before IPTW adjustment, the ACT
recipients were significantly younger, male, and more likely
to present with pT4 tumors and adverse histopathologic fea-
tures (Table 3). After IPTW adjustment to minimize selec-
tion bias, ACT was associated with a significant improve-
ment in the 5-year OS (84.1% vs 69.8%; HR, 0.38; 95%
CI 0.25-0.57; p<0.001; Fig. 2B), corresponding to a 62%
reduction in mortality risk.
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NCDB Database 2010-2019
Stage II & III Colon Adenocarcinoma

(n=257,688)

-Excluded-

Colectomy Performed
(Cecum to Sigmoid Colon)
(n=217,761)

Appendix/Overlapping Lesions/Colon NOS (n=10,170)
No Surgery (n=19,351)

Non-Curative Resection of Distant Sites (n=10,406)

Total Excluded: (n=39,927)

Adjuvant Chemotherapy or No Chemotherapy
(n=204,790)

Immunotherapy (n=2,428)
Radiation Therapy (n=7,782)
Other Chemotherapy Sequences (n=2,761)
Total Excluded: (n=12,971)

-Excluded-

-Excluded-

MSI-Stable (n=62,895)
MSI-Low (n=4,282)
MSI-Unstable NOS (n=6,062)
MSI Unknown (n=52,449)

MSI-High Patients Identified
(n=9,343)

MSI Not Applicable (n=69,759)
Total Excluded: (n=195,447)

-Excluded-
Missing Variables or
Death <90 Days Post-op

Final Cohort of MSI-H Patients
(n=8,025)

(n=1,318)

Stage II Patients Stage III Patients
(n=4,981) (n=3,044)
Adjuvant Chemotherapy No Chemotherapy Adjuvant Chemotherapy No Chemotherapy
(n=489) (n=4,492) (n=2,026) (n=1,018)

FIG. 1 Flowchart of the patient selection.

Further analysis of the cumulative pathologic risk
demonstrated a significant stepwise decrease in OS with
increasing risk factor burden. The patients with two risk
factors exhibited a mortality risk nearly double that of
the patients with a single risk factor. Notably, those with
three or more high-risk features had a fourfold increase in
mortality risk, highlighting a strong association between
cumulative histopathologic risk burden and inferior sur-
vival outcomes (Fig. 3).

To further explore the impact of chemotherapy inten-
sity, we stratified ACT recipients by regimen in the unad-
justed cohort. Among the 283 patients who received ACT,
92 (32.5%) received single-agent therapy, 176 (62.2%)
received multi-agent therapy, and 15 (5.3%) had undocu-
mented regimen details. Compared with the patients who
received no chemotherapy, those with single-agent ther-
apy showed an a non-significant trend toward improved

survival (HR, 0.6; 95% CI1 0.36-1.01; p=0.056), whereas
multi-agent therapy was associated with a significantly
reduced mortality risk (HR, 0.39; 95% CI 0.25-0.62;
p<0.001) (Fig. S3).

Stage 11l Cohort

The stage III cohort comprised 3044 patients, with 2026
(66.5%) receiving ACT and 1018 (33.5%) managed with
observation. The recipients of ACT were significantly
younger and more likely to have left-sided tumors (Table 4).
After IPTW adjustment, ACT was associated with a substan-
tially improved 5-year OS (72.5% vs 56.9%; HR, 0.53; 95%
CI 0.45-0.62; p<0.001; Fig. 2C).
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TABLE 1 Baseline

demographics and pathologic Characteristics No chemotherapy ~ Adjuvant chemother-  p value
characteristics of MSI-H colon (n=5510) n (%) apy (n=2515)n (%)
cancer patients Age (years) Mean + SD 72.6 + 13.4 63.8 +14.3 <0.01
Median (IQR) 75 (65-83) 66 (55-75)
Gender Male 2025 (36.8) 1125 (44.7) <0.01
Ethnicity Caucasian 4909 (89.1) 2118 (84.2) <0.01
African-American 360 (6.5) 252 (10.0)
Other/unknown 241 (4.4) 145 (5.8)
Charlson-Deyo score 0 3492 (63.4) 1768 (70.3) <0.01
1 1083 (19.7) 463 (18.4)
2 488 (8.9) 150 (6.0)
>3 447 (8.1) 134 (5.3)
Tumor location Left colon 830 (15.1) 512 (20.4) <0.01
Right colon 4680 (84.9) 2003 (79.6)
Stage 1T 4492 (81.5) 489 (19.4) <0.01
I 1018 (18.5) 2026 (80.6)
Stage 11, risk status Low risk 3295 (73.4) 206 (42.1) <0.01
High risk 1197 (26.6) 283 (57.9)
Lymphovascular invasion Absent 4216 (76.5) 1267 (50.4) <0.01
Present 1294 (23.5) 1248 (49.6)
Perineural invasion Absent 5180 (94.0) 2259 (89.8) <0.01
Present 330 (6.0) 256 (10.2)
Lymph nodes retrieved <12 78 (1.4) 30(1.2) 0.43
12-16 1358 (24.6) 560 (22.3)
17+ 4074 (73.9) 1925 (76.5)
Surgical margin No residual tumor 5406 (97.1) 2376 (94.5) <0.01
Residual tumor 104 (1.9) 139 (5.5)

MSI-H, microsatellite instability-high; SD, standard deviation; IQR, interquartile range

DISCUSSION

In this large U.S. nationwide analysis of 8025 patients
with stage II or III MSI-H colon cancer, ACT was associ-
ated with a substantial OS benefit for stage III and high-
risk stage II patients, but not for low-risk stage II patients.
After adjustment for IPTW, our findings suggested that risk
stratification using histopathologic features should guide
ACT decisions in MSI-H stage II colon cancer rather than
a uniform approach or omission of ACT based solely on
the MSI-H subtype. This is consistent with a recent Korean
study of 158 MSI-H stage II patients, which demonstrated
significantly improved OS and disease-free survival with
ACT for patients with high-risk features, supporting the rec-
ommendation for this population to receive ACT regardless
of MSI status.'®

Additionally, it is important for clinicians to consider
composite risk score when deciding on ACT for patients
with MSI-H stage II disease. Our findings showed that
patients with two risk factors exhibited a mortality risk
nearly double that for those with a single risk factor, whereas

those with three or more high-risk features faced a fourfold
increase in mortality risk, highlighting a strong association
between cumulative histopathologic risk burden and inferior
survival outcomes.

The 2024 NCCN Colon Cancer Guidelines® recommend
observation rather than ACT for patients with stage 1A
or IIB MSI-H/dMMR colon cancer. For stage IIC MSI-H/
dMMR disease, either observation or adjuvant chemother-
apy may be considered, using the same treatment protocols
recommended for patients with low-risk stage III disease.
In contrast to its approach for pMMR/MSS stage II tumors,
in which specific high-risk features (e.g., inadequate lymph
node sampling, LVI, PNI, bowel obstruction, poor differen-
tiation, or positive margins) guide ACT recommendations,
the NCCN does not currently stratify patients with stage
II MSI-H/dMMR patients based on clinicopathologic risk
factors. In addition, the ESMO guidelines'* stratify stage
II colon cancer into low-, intermediate-, and high-risk cat-
egories. For intermediate-risk patients (those with one fac-
tor such as LVI, PNI, tumor obstruction, elevated preop-
erative CEA, vascular invasion, or poor histologic grade),
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TABLE 2 Baseline characteristics of patients with low-risk stage II MSI-H colon cancer before and after IPTW adjustment
Characteristics Low-risk patient cohort
Unadjusted IPTW-adjusted
No chemotherapy Adjuvant chemo- p value No chemo- Adjuvant p value SMD
(n=3295)n (%) therapy (n= 206) therapy chemotherapy
n (%)
Age (years) <65 962 (29.2) 127 (61.7) <0.001 (24.9) (23.8) 0.71 0.03
>65 2333 (70.8) 79 (38.3) (75.1) (76.2)
Gender Male 1298 (39) 111 (54) <0.001 (37.5) (35.8) 0.67 0.04
Ethnicity Caucasian 2926 (88.8) 176 (85.4) 0.49 (88.8) (89.5) 0.93 0.06
African-American 224 (6.8) 19 (9.2) 4.7 (5.5)
Other/unknown 145 (3.9) 149 (71.8) 4.4) )
Charlson-Deyo score 0 2124 (64.5) 148 (71.8) 0.19 (65) (67.6) 0.91 0.07
1 654 (19.8) 33 (16.0) 19) (16.4)
2 270 (8.2) 12 (5.8) 8.2) (8.6)
>3 247 (7.5) 13 (6.3) (7.8) (7.4)
Tumor location Left colon 520 (15.8) 57 (27.7) <0.01 (14.5) (12.6) 0.47 0.06
Right colon 2775 (84.2) 149 (72.3) (85.5) (87.4)

MSI-H, microsatellite instability-high; IPTW, inverse probability of treatment-weighting; SMD, standardized mean difference (between groups

after weighting, used to assess covariate balance)

observation is recommended if the tumor is MSI-H. How-
ever, for patients classified as high risk, including those with
pT4 tumors, inadequate lymph node evaluation (< 12 nodes),
or multiple intermediate-risk features, ACT is recommended
regardless of the MSI status.

These recommendations are based largely on earlier
studies that compared treatment outcomes based on MSI
status in non-metastatic CRCs. The prognostic value of
MSI status has been extensively studied, with many stud-
ies and meta-analyses demonstrating that MSI-H status is
associated with better prognosis than MSS status in stage
IT and III CRCs."">? The traditional clinical approach has
favored ACT for MSS tumors while questioning its benefit
in MSI-H cases, based on observations that MSI-H tumors
show reduced recognition of DNA adducts by the DNA
MMR system, potentially limiting chemotherapy effective-
ness.”> However, our findings challenge this perspective by
demonstrating significant OS benefit with ACT for high-risk
MSI-H stage II patients, suggesting that histopathologic risk
stratification rather than MSI status alone should guide treat-
ment decisions.

A distinct stage distribution is demonstrated by MSI-H
tumors. being more common in stage II disease (15-20%)
than in stage III disease (8-12%) and significantly less com-
mon in stage IV tumors (3.5%). This distribution suggests
decreased metastatic potential in MSI-H CRCs.>*>?? Our
study cohort aligns with these patterns, with 62% of MSI-H

colon adenocarcinoma patients presenting with stage II dis-
ease and 38% with stage III disease after surgical resection.

Despite evidence supporting the benefit of ACT for select
populations, our analysis showed patterns of potentially sub-
optimal ACT utilization among the high-risk stages I and III
MSI-H patients. Notably, only 66.6% of the stage III MSI-H
patients received ACT despite guideline recommendations
for ACT in stage III disease regardless of MSI status. Several
clinical factors may influence treatment variation, including
provider uncertainty about the benefit-risk balance, comor-
bidities, patient preferences, and socioeconomic barriers.
In addition, positive surgical margins, although relatively
uncommon in colon cancer resections, as shown in our data,
represent a particularly concerning high-risk feature. These
findings highlight the importance of achieving RO resec-
tion when technically feasible and suggest that margin status
should be considered in the risk stratification framework for
ACT decision-making for MSI-H patients. However, due to
limitations inherent to retrospective database analysis, we
were unable to identify the specific reasons driving treat-
ment decisions in individual cases.

Although our findings demonstrated favorable outcomes
with ACT for high-risk MSI-H subgroups, the potential for
overtreatment and associated toxicity requires careful con-
sideration. Fluoropyrimidine- and oxaliplatin-based regi-
mens have significant toxic effects and long-term quality-
of-life impairments. Some studies suggest decreased benefit
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FIG. 2 Kaplan-Meier estimates
of overall survival for IPTW-
adjusted cohorts. Low-risk stage
II MSI-H colon cancer. High-
risk stage II MSI-H colon can-
cer. Stage III MSI-H colon can-
cer. IPTW, inverse probability
of treatment-weighting; MSI-H,
microsatellite instability-high
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TABLE 3 Baseline characteristics of patients with high-risk stage II MSI-H colon cancer before and after IPTW adjustment
Characteristics High-risk patient cohort
Unadjusted IPTW-adjusted
No chemother- ~ Adjuvant chemo-  p value Nochemo-  Adjuvant p value SMD
apy (n=1197) therapy (n=283) therapy chemotherapy
n (%) n (%)
Age (years) < 65 225 (18.8) 143 (50.5) <0.001 (14.9) (13.7) 0.69 0.03
>65 972 (81.2) 140 (49.5) (75.1) (76.3)

Gender Male 408 (34.1) 146 (51.6) <0.001 (37.5) (36.2) 0.74 0.03
Ethnicity Caucasian 1073 (89.6) 241 (85.2) 0.17 (88.8) (90) 0.87 0.06
African-American 71 (5.9) 24 (8.5) 6.5) 5.2)

Other/unknown 53 (4.5) 18 (6.4) (4.7) (4.8)

Charlson-Deyo score 0 9 (0.8) 202 (71.4) <0.001 (65) (67.5) 0.9 0.07
1 756 (63.2) 59 (20.8) (19) (16.2)

2 226 (18.9) 12 (4.2) (8.2) (8.6)
>3 109 (9.1) 10 (3.5) (7.8) (7.6)

Tumor location Left colon 165 (13.8) 52 (18.4) 0.06 (92.2) 92.4) 0.54 0.05
Right colon 1032 (86.2) 231 (81.6) (7.8) (7.6)
pT stage pT3 759 (63.4) 98 (34.6) <0.001 (57.7) (57.4) 0.96 0.04
pT4 438 (36.6) 185 (65.4) (42.3) (42.6)

Lymphovascular inva- Absent 477 (39.8) 158 (55.8) <0.001 (42.7) (41.2) 0.73 0.03

sion Present 720 (60.2) 125 (44.2) (57.3) (58.8)
Perineural invasion Absent 1013 (84.6) 258 (91.2) 0.006 (85.9) (85.3) 0.86 0.02
Present 184 (15.4) 25(8.8) (14.1) (14.7)
Lymph nodes retrieved =~ <12 57 (4.8) 8(2.8) 0.16 (4.3) (2.2) 0.32 0.12
12-16 261 (21.8) 73 (25.8) (22.5) (23.2)
17+ 879 (73.4) 202 (71.4) (73.2) (74.6)
Surgical margin No residual tumor 1132 (94.6) 249 (88.0) <0.001 (93.5) (93.9) 0.8 0.02
Residual tumor 65 (5.4) 34 (12.0) 6.5) (6.1)

MSI-H, microsatellite instability-high; IPTW, inverse probability of treatment-weighting; SMD, standardized mean difference (between groups

after weighting, used to assess covariate balance)

or even detrimental effects of fluoropyrimidine monotherapy
for stage II disease but not for stage III disease. However,
other studies have demonstrated that although MSI sta-
tus is prognostic, it does not predict benefit or harm from
ACT.?>?426 A recently published updated meta-analysis
confirmed no detrimental effect for stage III colon cancer
patients.!” Therefore, for low-risk stage II patients with
MSI-H tumors who already demonstrate favorable baseline
survival, the absolute benefit of ACT is likely minimal and
may not outweigh these harmful effects. Regarding ACT
regimen selection for high-risk stage II patients, a recently
published Korean study found no significant difference in
outcomes between those receiving fluorouracil (5-FU)-based
ACT and those receiving oxaliplatin-based ACT. These find-
ings suggest that when ACT is indicated for stage Il MSI-H
patients, 5-FU-based regimens may provide comparable effi-
cacy with potentially lower toxicity than oxaliplatin-based
therapy.'®

This study has some limitations inherent to retrospective
database analyses. The NCDB lacks detailed information
on chemotherapy agents, recurrence, and disease-free sur-
vival, which limited the scope of our survival interpretation.
Furthermore, heterogeneity in institutional practices regard-
ing MSI testing methods and treatment protocols may have
influenced our results. Additionally, patient preferences,
comorbidities, and provider-specific approaches may have
contributed to these observations, but they could not be fully
assessed within our dataset.

Nevertheless, our study had several strengths, including
its large national database that provides a robust sample
size and helps to reduce sampling bias. This improves the
generalizability of the findings, in contrast to single-center
studies, and allowed us to apply rigorous statistical adjust-
ment using [IPTW to reduce selection bias. Stratification by
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FIG. 3 IPTW-adjusted Kaplan- Survival
Meier plot for overall survival in

by Composite Risk Score (IPTW-Adjusted)

high-risk stage I MSI-H colon Score 1 Score 2 =+ Score 34

cancer. Patients were catego-
rized by a composite risk score

based on high-risk features: 1.007  —wwme

lymphovascular invasion (LVI),
perineural invasion (PNI), T4
stage, positive surgical margins,
or fewer than 12 lymph nodes
examined. Score 1 indicates 0.75 1
one risk factor, whereas score 2
indicates two risk factors, and
scores 3 and 4 indicate three
and four risk factors. HR, haz-
ard ratio; OS, overall survival;

Overall Survival Probability

IPTW, inverse probability of 0.501
treatment-weighting; MSI-H,
microsatellite instability-high
0.25 1
0.00 4

HR (vs. Score 1):

Score 1 = Reference

Score 2=1.57 (p=0.017)

Score 3—4 =4.04 (p <0.001)

5-Year OS:

Score 1 =79.6%, Score 2 = 63.7%, Score 3—4 =41.6%

histopathologic risk enables a more granular understanding
of the benefits of ACT for MSI-H patients.

Although this study provides important insights into the
impact of adjuvant chemotherapy for patients with stage
IT or IIT MSI-H colon cancer who underwent upfront sur-
gery, it does not account for the rapidly evolving role of
immunotherapy. Although immunotherapy has become
the standard of care for metastatic MSI-H disease and
currently is being incorporated into adjuvant treatment
guidelines for locally advanced colon cancer, chemo-
therapy remains a commonly used option in real-world
settings. According to the NCCN version 4.2025 guide-
lines, adjuvant immunotherapy regimens such as FOL-
FOX combined with atezolizumab are currently listed as
category 2B recommendations (based on lower-level evi-
dence without uniform consensus) for patients with stage
IIC or III MSI-H colon cancer.?’” Moreover, neoadjuvant
strategies are gaining momentum, with recent studies of
neoadjuvant immunotherapy reporting unprecedented
response rates compared with the 7% pathologic response
seen with neoadjuvant chemotherapy for MSI-H tumors
in the FOXTROT trial.>'° However, real-world adoption
of these newer approaches remains limited due to factors

12 24 36 48 60
Time (Months)

such as cost, infrastructure availability, and patient selec-
tion criteria.

Our analysis excluded patients who received immuno-
therapy during the study period, which represented a signifi-
cant limitation. However, we did not include this subgroup
due to several methodologic challenges. The immunotherapy
patients were highly heterogeneous, with limited granularity
on treatment dosing, duration, and timing. Furthermore, this
subgroup had incomplete data on key histopathologic vari-
ables used in our risk stratification analysis. Including these
patients would have substantially limited statistical power
and introduced the risk of unreliable survival estimates.

Until immunotherapy becomes widely accessible and
established as the standard of care across institutions, our
findings remain highly relevant for patients undergoing
upfront surgery. Should immunotherapy gain widespread
adoption supported by high-level evidence and expert con-
sensus, the role of risk stratification in this population may
need to be reevaluated within future immunotherapy-based
treatment paradigms.
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TABLE 4 Baseline characteristics of patients with stage III MSI-H colon cancer before and after IPTW adjustment
Characteristics Unadjusted IPTW-adjusted
No chemother- Adjuvant p value No chemotherapy Adjuvant chemo- p value SMD
apy (n=1018) chemotherapy therapy
n (%) (n=2026)n
(%)
Age (years) <65 132 (13.0) 896 (44.2) <0.001 (34.5) (33.8) 0.77 0.02
>65 886 (87.0) 1130 (55.8) (65.5) (66.2)
Gender Male 319 (31.3) 868 (42.8) <0.001 (42.4) (39.3) 0.17 0.06
Ethnicity Caucasian 910 (89.4) 1701 (84.0) 0.001  (85.6) (85.8) 0.89 0.04
African-Amer- 65 (6.4) 209 (10.3) 9.9) ©.1)
ican
Other/ 43 (4.2) 116 (5.7) 4.5) 5.2)
unknown
Charlson-Deyo 0 612 (60.1) 1418 (70.0) <0.001 (68.1) (66.8) 0.89 0.03
score 1 203 (19.9) 371 (18.3) 17.7) (18.7)
2 109 (10.7) 126 (6.2) (7.5) (1.7)
>3 94 (9.2) 111 (5.5) 6.7) 6.7)
Tumor location Left colon 145 (14.2) 403 (19.9) <0.001 (18.0) (19.0) 0.99 <0.001
Right colon 873 (85.8) 1623 (80.1) (82.0) (82.0)
pT stage non-pT4 755 (74.2) 1537 (75.9) 0.33 (86.6) (85.5) 0.55 0.03
pT4 263 (25.8) 489 (24.1) (23.4) (24.5)
Lymphovascu- Absent 444 (43.6) 903 (44.6) 0.64 (45.3) (44.4) 0.67 0.02
lar invasion  pregent 574 (56.4) 1123 (55.4) (54.7) (55.6)
Perineural Absent 872 (85.7) 1795 (88.6) 0.02 (87.0) (87.5) 0.71 0.02
invasion Present 146 (14.3) 231 (11.4) (13.0) (12.5)
Lymph nodes <12 21 (2.1) 22 (1.1) <0.001 (1.2) (1.3) 0.95 0.01
retrieved 12-16 282 (27.7) 445 (22.0) (24.1) (23.9)
17+ 715 (70.2) 1559 (76.9) (74.7) (74.7)
Surgical No residual 979 (96.2) 1921 (94.8) 0.12 (95.9) (95.3) 0.52 0.03
margin tumor
Residual tumor 39 (3.8) 105 (5.2) 4.1) 4.7

MSI-H, microsatellite instability-high; IPTW, inverse probability of treatment-weighting; SMD, standardized mean difference (between groups

after weighting, used to assess covariate balance)

CONCLUSION

In colon cancer, MSI-H status alone should not serve as
the sole determinant of ACT decisions. Although low-risk
stage II MSI-H patients appear to derive minimal survival
benefits from ACT, both high-risk stages II and III patients
with MSI-H tumors experience significant improvements in
OS with ACT. Importantly, the cumulative burden of histo-
pathologic risk factors is strongly associated with increased
mortality for high-risk patients with stage II MSI-H. Future
prospective studies to validate these findings are warranted,
with a focus on identifying which stage II MSI-H patients
benefit most from treatment and weighing the survival ben-
efits of chemotherapy against its potential toxicity.
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