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Background: High-risk features, such as T4 disease, bowel obstruction, poorly/
undifferentiated histology, lymphovascular, perineural invasion, and <12 lymph nodes
sampled, indicate poor prognosis and define high-risk stage II disease in proficient
mismatch repair stage II colon cancer (CC). The prognostic role of high-risk features in
dMMR/MSI-H stage II CC is unknown. Similarly, the role of adjuvant therapy in high-risk
stage II CC with dMMR/MSI-H (≥1 high-risk feature) has not been studied in prospective
trials. The aim of this analysis of the National Cancer Database is to evaluate the
prognostic value of high-risk features in stage II dMMR/MSI-H CC.

Methods: Univariate (UVA) and multivariate (MVA) Cox proportional hazards (Cox-PH)
models were built to assess the association between clinical and demographic
characteristics and overall survival. Kaplan–Meier survival curves were generated with
log-rank tests to evaluate the association between adjuvant chemotherapy in high-risk
and low-risk cohorts separately.

Results: A total of 2,293 stage II CC patients have dMMR/MSI-H; of those, 29.5% (n =
676) had high-risk features. The high-risk dMMR/MSI-H patients had worse overall
survival [5-year survival and 95%CI, 73.2% (67.3–78.1%) vs. 80.3% (76.7–83.5%), p =
0.0001]. In patients with stage II dMMR/MSI-H CC, the high-risk features were associated
with shorter overall survival (OS) along with male sex, positive carcinoembryonic antigen,
Charlson–Deyo score >1, and older age. Adjuvant chemotherapy administration was
associated with better OS, regardless of the high-risk features in dMMR/MSI-H (log-rank
test, p = 0.001) or not (p = 0.0006). When stratified by age, the benefit of chemotherapy
was evident only in patients age ≥65 with high-risk features.

Conclusion: High-risk features are prognostic in the setting of dMMR/MSI-H stage II CC.
Adjuvant chemotherapy may improve survival specifically in patients ≥65 years and with
high-risk features.
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INTRODUCTION

Colorectal cancer is the third most common cancer and the
second leading cause of cancer-related mortality in the United
States. It is estimated that 104,270 new cases of colon cancer
(CC) will be diagnosed in 2021 in the US (1). Approximately 28%
of patients with CC have stage II disease at presentation (2). The
risk stratification of patients with stage II CC is dependent on
molecular and clinicopathologic features. A prognostic role of
high-risk features, such as T4 disease, bowel obstruction, poorly/
undifferentiated histology, lymphovascular, perineural invasion,
and <12 lymph nodes sampled, is well established, and high-risk
features increase the risk of cancer recurrence and the benefit
from adjuvant therapy in patients with microsatellite stable
disease stage II CC (3–5). A subgroup of high-risk patients
with stage II CC with T4 disease may have a statistically
inferior survival compared to those with stage IIIa tumors (6).
Adjuvant chemotherapy improves progression-free survival
(PFS) and overall survival (OS) in stages II and III CC (7, 8).
The benefit of adjuvant therapy in stage II CC is relatively small,
and as such, it is not routinely administered (9). Patient
preferences, treatment-related toxicities, and the risk
characteristics of the tumor are considered in treatment
decisions regarding adjuvant therapy.

Approximately 15% of colorectal cancers (CRCs) are dMMR/
MSI-H, and patients with dMMR/MSI-H colon cancer are more
likely to have a stage II disease (10). Mismatch repair (MMR)
proteins are nuclear enzymes that bind to areas of abnormal
DNA and repair base–base mismatch during cellular
proliferation and division (11). Defects in DNA mismatch
repair genes (MLH1, MSH2, MSH6, and PMS2) can lead to
insertion or deletion of repeating nucleotide sequences in a
process known as microsatellite instability (MSI). One third of
these dMMR/MSI-H CC cases are inherited, known as Lynch
syndrome carriers, and the rest are sporadic. MLH1 is considered
the most commonly affected in the sporadic cases, which is more
common in older patients and associated with BRAF V600E
mutation (12). The microsatellite instability status of a tumor
impacts the prognosis and benefit to adjuvant chemotherapy in
patients with stage II CC (10–12). Multiple retrospective studies
have shown that stage II patients with dMMR/MSI-H CC have a
reduced metastatic potential and a more favorable prognosis
compared to those with proficient mismatch repair (pMMR)
tumors (13–16). In addition, previous retrospective studies of
stages II and III colon cancer patients, analyzing data from
randomized adjuvant therapy clinical trials, showed that stage
II colon cancer patients with dMMR/MSI-H status did not
benefit from adjuvant 5-FU-based chemotherapy (3, 10, 12,
17). Furthermore, Sargent et al. showed a decrease in overall
survival (hazard ratio, 2.95; 95%CI, 1.02 to 8.54; p = 0.04) in
dMMR/MSI-H stage II patients who were treated with single-
agent 5FU compared to surgery alone (10). Whether high-risk
features are prognostic in patients with dMMR/MSI-H stage II
CC is not well established. The role of adjuvant chemotherapy in
Abbreviations: dMMR, deficient mismatch repair; pMMR, proficient mismatch
repair; MSI-H, microsatellite high; MSS, microsatellite stable.
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patients with high-risk dMMR/MSI-H stage II CC is not well
defined. This study aimed to evaluate the prognostic value of
high-risk features in dMMR/MSI-H stage II CC and their impact
on adjuvant chemotherapy in high-risk stage II CC with dMMR/
MSI-H.
MATERIALS AND METHODS

Patient Selection
The National Cancer Database (NCDB) is a large cancer
directory that represents approximately 70% of all newly
diagnosed cancers in the US. The inclusion criteria for this
study included the following: International Classification of
Diseases for Oncology, third edition, morphological codes
(8020, 8140, 8144, 8210, 8211, 8480, 8481, and 8490) and
topography codes (C18.0-9), in participant user data files
between the years 2010 and 2013. MSI status information was
not available for patients diagnosed before 2010. The primary
outcome was the overall survival of patients with dMMR/MSI-H
stage II with high-risk features.

Eligibility Criteria
Patient information was independently reviewed by two of the
authors for the eligibility criteria. The patients were deemed
eligible if they have dMMR/MSI-H stage II CC. Patients with
mixed adeno-squamous histology, rectosigmoid location, and
rectal cancer were excluded. Patients who received radiation
therapy before or after surgery were excluded. Patients who
received chemotherapy prior to surgery were excluded, as this
may impact the pathologic stage at resection. High-risk features
were defined as the following: <12 lymph nodes examined,
lymphovascular invasion (LVI), positive surgical margin, pT4
tumor. No data were available for obstruction or perforation at
diagnosis. Poor or undifferentiated histology was not included as
a high-risk feature, as it is a good prognostic factor in dMMR/
MSI-H stage II CC (18). High-risk stage II CC was defined as
having at least one high-risk feature. Institutional approval and
informed consent were not required for this study since the
patient information in the database is completely de-identified,
and the database is legally accessible to the public.

Data Extraction and Statistical Analysis
The patient-specific covariates included were date of diagnosis,
date of death, age, gender, race, tumor site, histology, insurance
status, stage, presence of metastatic disease, co-morbid medical
conditions, location of treatment, and treatment regimen (single
or multi-agent chemotherapy). The treatment and clinical
outcomes included overall survival rate. All data were checked
for internal consistency.

Analysis
All patients in the analysis had dMMR/MSI-H stage II colon
cancer. Univariate and multivariate analyses were conducted to
identify the factors associated with patient outcome (OS). The
clinical and demographic characteristics of the patients were
October 2021 | Volume 11 | Article 755113
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summarized using descriptive statistics as appropriate for
variable type and distribution (chi-square test for categorical
variables and ANOVA for numerical variables). Univariate and
multivariate Cox-PH models were built to assess the association
between patient characteristics and survival. Backward selection
with an alpha level of removal of.05 was used in the multivariate
analysis. The Kaplan–Meier survival curves were generated with
log-rank tests to evaluate the association between adjuvant
chemotherapy in high-risk and low-risk cohorts separately. All
analyses were performed with a significance level of 0.05 (two-
sided) with SAS Statistical Package, v9.4 (SAS institute, Inc.,
Cary, North Carolina).
RESULTS

Of the 249,571 patients with stage II colorectal cancer diagnosed
between 2010 and 2013 in the NCDB database, 6,426 patients
were determined to have dMMR/MSI-H status, and 2,293 met
the inclusion criteria of the study (Figure 1). Females accounted
for 58.2% of patients; 87.4% were Caucasian. The median age was
69 years (range, 21–90 years old). The most common tumor
location was the ascending colon (32.5%), followed by the cecum
(27.1%) and the transverse colon (13.1%). The sigmoid and the
descending colon accounted for 9.7 and 5.0% of cases,
respectively (Table 1).

In the entire cohort, 29.5% (n = 676) of patients were deemed
to have a high-risk stage II CC. Positive margins, LVI, and less
than 12 lymph nodes examined were observed as 3.0, 14.3, and
3.9%, respectively. pT4 was present in 14.0% of patients
(Table 1). Of the high-risk patients, 36.1% (n = 244) received
FIGURE 1 | Consort diagram outlining the study selection.
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TABLE 1 | Demographics and clinical characteristics of patients.

Variable N (%)

Total 2,293
Gender
Male 958 (41.8)
Female 1,335 (58.2)
Age
Median 69 (21–90)
STD 14.78
Race
White 2,004 (87.4)
African American 188 (8.2)
Others 101 (4.4)
Year of diagnosis
2010 413 (18.0)
2011 566 (24.7)
2012 633 (27.6)
2013 681 (29.7)
Charlson–Deyo score
0 1,540 (67.2)
1 537 (23.4)
2+ 216 (9.4)
Site
Appendix 8 (0.4)
Cecum 621 (27.1)
Ascending colon 746 (32.5)
Hepatic flexure 143 (6.2)
Transverse colon 301 (13.1)
Splenic flexure 80 (3.5)
Descending colon 115 (5.0)
Sigmoid colon 222 (9.7)
Overlapping 36 (1.6)
Not otherwise specified 21 (0.9)
Surgery at primary site
Partial colectomy 487 (21.2)
Subtotal colectomy/hemicolectomy 1,722 (75.1)
Total colectomy 42 (1.8)
Total proctocolectomy 10 (0.4)
Unknown 32 (1.4)
Grade
Well differentiated/moderately differentiated 1,540 (67.2)
Poorly differentiated/undifferentiated 753 (32.8)
Pathological T stage
T3 1,957 (85.3)
T4 321 (14.0)
Risk group per study
High risk 676 (29.5)
Not high risk 1,617 (70.5)
High-risk featuresa

T4 321 (14.0)
LVI 329 (14.3)
<12 lymph node removed 89 (3.9)
Positive margin 69 (3.0)
Systemic/surgery sequence
No systemic therapy 1,862 (81.2)
Systemic therapy after surgery 431 (18.8)
Chemotherapy
No chemotherapy 1,862 (81.2)
Single-agent chemotherapy 108 (4.7)
Multiagent chemotherapy 292 (12.7)
Chemotherapy type and number of agents not documented 31 (1.4)
October 2021 | Volume 11 | Ar
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adjuvant chemotherapy, of whom 72.1% (n = 176) received
multiagent therapy and 23.4% (n = 57) received single-agent
chemotherapy, and 4.5% (n = 11) received an unknown number
of agents.

On univariate analysis, high-risk status, pT4A/B tumor (pT3
as reference), pathological stage IIB/C (pathological stage IIA as
reference), <12 lymph nodes (≥12 lymph nodes as reference),
positive margins (negative margins as reference), Charlson–
Deyo score >1 (0 as reference), and elder age (continuous
scale) at diagnosis were associated with worse overall survival
(Table 2). On multivariate analysis, male sex, positive surgical
margin (negative margin as reference), Charlson–Deyo score >1
(0 as reference), high-risk disease, and older age at diagnosis were
associated with worse OS (Table 2).

High-risk dMMR/MSI-H patients had worse OS compared to
non-high-risk dMMR/MSI-H patients in the entire cohort when
not stratified by status of adjuvant chemotherapy administration
[5-year survival and 95%CI: 73.2% (67.3–78.1%) vs. 80.3% (76.7–
83.5%), p = 0.0001, Figure 2A]. Median survival is not reachable
in our cohort since none of the cohorts had more than 50% of
patients who died at the end of follow-up; hence, 5-year survival
was provided. In patients who received no adjuvant
chemotherapy, the high-risk dMMR/MSI-H patients had worse
OS [5-year survival and 95%CI: 69.8% (62.6–75.9%) vs. 78.4%
(74.3–81.9%), p < 0.0001, Figure 2B].

High-risk dMMR/MSI-H patients who received adjuvant
chemotherapy had better OS compared to those who had no
chemotherapy [5-year survival and 95%CI: 78.0% (66.4–86.0%)
vs. 69.8% (62.6–75.9%), p = 0.0011, Figure 2C]. In patients with
no high-risk features, patients who received adjuvant
chemotherapy had better OS [5-year survival and 95%CI:
94.3% (87.6–99.4%) vs. 78.4% (74.3–81.9%), p = 0.0006,
Figure 2D]. In the patient groups by single/multi-agent
adjuvant chemotherapy, single-agent and multi-agent
chemotherapy patients demonstrated similar OS, which were
both better than those with no chemotherapy. This finding is
consistent in high-risk-feature (p = 0.01, Figure 2E) and no-
high-risk feature patients (p = 0.0024, Figure 2F).
Frontiers in Oncology | www.frontiersin.org 4
When patients with no high-risk features were stratified by
age, chemotherapy was no longer associated with better OS. The
overall survival in patients with no high-risk features and
aged <65 was not different with chemotherapy versus no
chemotherapy [5-year OS and 95%CI: 96.7% (89.4–99.0%) vs.
90.0%: (83.9–93.9%), p = 0.1068, Figure 3A]. The overall survival
in the same cohort aged ≥65 years was not different with
chemotherapy versus with no chemotherapy [5-year survival
and 95%CI: 96.1% (62.5–94.2%) and 70.9% (65.1–75.9%), p =
0.1070, Figure 3B].

The overall survival in patients with high-risk features was
stratified by age. OS in patients aged <65 who received
chemotherapy was not different than those of patients who did
not receive chemotherapy [5-year OS and 95%CI: 81.7% (67.0–
90.3%) vs. 81.8% (69.4–89.5%), p = 0.4209, Figure 3C]. The
overall survival in the same cohort aged ≥65 years was superior
with chemotherapy versus with no chemotherapy [5-year OS and
95%CI: 74.5% (56.2–86.1%) vs. 64.6% (55.5–72.3%), p =
0.0490, Figure 3D].
DISCUSSION

Prior reports and guidelines established the prognostic value of
high-risk features in molecularly unspecified stage II CRC (9, 19–
21). However, the therapeutic and prognostic implications of
dMMR/MSI-H with high-risk clinicopathologic features have
not been adequately studied. This study demonstrates that high-
risk features are also prognostic in patients with stage II dMMR/
MSI-H. This is the largest published study to establish the
prognostic impact of high-risk features in dMMR/MSI-H stage
II CRC.

The prognostic role of high-risk features in stage II dMMR/
MSI-H setting raises the question regarding the role of adjuvant
therapy in this group of patients. In this study, we observed a
significant overall survival benefit in patients with high-risk
dMMR/MSI-H stage II CC who received adjuvant
chemotherapy compared with those who received surgery only.
TABLE 2 | Overall survival (OS) by mismatch repair and treatment status in univariate and multivariate analysis.

Univariate OS p-values Multivariate OS p-values

HR 95%CI HR 95%CI

Age 1.05 (1.04–1.06) <0.001 1.04 (1.03–1.06) <.001
Male gender 1.02 (0.82–1.28) 0.843 1.36 (1.07–1.71) 0.004
High risk 1.56 (1.24–1.97) <0.001 1.71 (1.35–2.17) <0.001
Adjuvant chemotherapy 0.52 (0.36–0.73) <0.001 0.66 (0.44–0.98) 0.040
Pathological T4Aa 1.72 (1.19–2.49) 0.004
Pathological T4Ba 2.19 (1.53–3.14) <0.001
Pathologic stage IIBa 1.63 (1.13–2.35) 0.009
Pathologic stage IICa 2.27 (1.58–3.25) <.001
LVIa 1.34 (1.00–1.81) 0.248
<12 LNSa 2.06 (1.35–3.15) <.001
Positive surgical margina 2.79 (1.79–4.34) <.001
Charlson–Deyo score 1 1.71 (1.31–2.22) <.001 1.45 (1.11–1.90) <.001
Charlson–Deyo score 2+ 3.89 (2.93–5.17) <.001 2.72 (2.03–3.65) <.001
October 2021 | Volume 11 | Artic
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The benefit was associated with both multiagent and single-agent
adjuvant chemotherapy. This is a novel finding that has a potential
impact on clinical practice in the absence of data from clinical
trials. The survival benefit persisted in patients >65 years when
stratified by age. Sporadic dMMR/MSI-H is known to be
associated with older age at diagnosis compared to germline
dMMR/MSI-H (17, 22). In this study, patients with no high-risk
features and dMMR/MSI-H stage II colon cancer also benefited
from chemotherapy; however, age was an important confounding
factor. Survival benefit was not evident in the low-risk group when
stratified by age. We speculate that patients in the older age group
of high-risk dMMR/MSI-H stage II CC of this study may have had
Frontiers in Oncology | www.frontiersin.org 5
a sporadic dMMR/MSI-H disease and may have derived more
benefit from adjuvant chemotherapy compared to the younger
population, which possibly may have had a higher rate of germline
dMMR/MSI-H. It should be noted that no data were available in
NCDB for BRAF status, MLH1 methylation status, and germline
testing of family history.

Several prior studies, including retrospective analysis and
observational reports, have attempted to address the role of
adjuvant chemotherapy in stage II CC with high-risk features;
however, these studies did not include the dMMR//MSI-H status
(3, 23). Data about the role of adjuvant chemotherapy in high-
risk dMMR/MSI-H stage II CC is limited. Tougeron et al.
A B

D

E F

C

FIGURE 2 | (A) Survival in high-risk (n = 676) versus no-high-risk (n = 1,617) patients in the entire cohort (n = 2,293) when not stratified by chemotherapy status.
(B) Survival in patients who received no adjuvant chemotherapy (n = 1,862) in high-risk (n = 432) and no-high-risk (n = 1,430) patients. (C) Survival in high-risk
patients (n = 676) who received adjuvant chemotherapy (n = 244) versus no adjuvant chemotherapy (n = 432). (D) Survival in patients with no high-risk features (n =
1,617) who received adjuvant chemotherapy (n = 187) versus no adjuvant chemotherapy (n = 1,430). (E) Survival in patients with high risk (n = 676) who received no
adjuvant chemotherapy (n = 432), single-agent chemotherapy (n = 57), and multiagent chemotherapy (n = 176). (F) Survival in patients with no high-risk features who
received no chemotherapy (n = 1,430), single-agent chemotherapy (n = 51), and multiagent chemotherapy (n = 116).
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reported the clinical outcomes of stage II and III dMMR/MSI-H
CC patients treated between 2000 and 2011 in a multicenter
retrospective French study (24). Sixty percent (n = 149) of the
patients were deemed to have high-risk factors, and 22% (n = 33)
of the high-risk patients were treated with adjuvant
chemotherapy. The high-risk features included pT4, VELIPI
criteria (vascular emboli, lymphatic invasion, or perineural
invasion), poor/undifferentiated histology, less than eight
lymph nodes examined, tumor perforation, and initial bowel
obstruction. Patients who were treated with adjuvant FOLFOX
and not the single agent 5-FU showed a trend for longer disease-
free survival compared to surgery alone. Although it included
specific chemotherapy regimen information, the number of
patients in that study was much smaller than in the
present study.

Control for variables that could have influenced the results,
such as histopathologic features, tumor grade, age, and
performance status, was performed. Significant limitations still
exist in this analysis, and these include retrospective design, lack
of randomization, and no individualized patient data regarding
the specifics of chemotherapy or follow-up. The reasons why
adjuvant chemotherapy was not administered is unknown. The
precise chemotherapy agents administered were not available.
The sporadic versus germline mutational status is unknown, and
the prevalence of other genomic alterations is similarly
Frontiers in Oncology | www.frontiersin.org 6
unknown. The overall survival is not cancer specific in this
study, as NCDB includes only all-cause overall survival. In
addition, the high-risk features did not include obstruction or
perforation, as there was no data available in the database.
Tumor perforation was shown to be associated with
interperitoneal tumor dissemination (25), which raises the
concern of whether these patients actually have stage II
disease. The reported incidence of perforation and obstruction
in stage II CC is less than 10% (26–28), and the impact of tumor
cell spillage on recurrence and survival increases the risks
substantially and may contribute to an increase in the benefit
of adjuvant therapy.
CONCLUSION

The prognostic value of high-risk features in dMMR/MSI-H
stage II CC is confirmed. The prognostic value of high-risk
features should be considered in adjuvant therapy discussions.
Adjuvant chemotherapy may be associated with better OS in
high-risk dMMR/MSI-H stage II CC patients, but significant
limitations exist, including the retrospective nature of the data
set. In the absence of randomized trials, the benefits and the risks
of adjuvant therapy should be discussed with the patients with
high-risk dMMR/MSI-H stage II CC. Further research needs to
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patients with no high risk and ≥65 of age who received chemotherapy (n = 53) versus no chemotherapy (n = 153). (C) Survival in patients with high risk and <65 of
age who received chemotherapy (n = 161) versus no chemotherapy (n = 129). (D) Survival in patients with high risk and ≥65 of age who received chemotherapy
(n = 83) versus no chemotherapy (n = 303).
October 2021 | Volume 11 | Article 755113

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Mohamed et al. High-Risk, Stage II CC, dMMR, Chemotherapy
be done in the low-risk dMMR/MSI-H stage II CC to confirm the
lack of benefit from adjuvant chemotherapy.
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