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Background: The present study evaluated the clinical implications of adjuvant chemotherapy according to the mismatch repair (MMR) 
status and clinicopathologic features of patients with intermediate- and high-risk stage II colon cancer (CC). 
Methods: This study retrospectively reviewed 5,774 patients who were diagnosed with CC and underwent curative surgical resection 
at Kyungpook National University Chilgok Hospital. The patients were enrolled according to the following criteria: (1) pathologically 
diagnosed with primary CC; (2) stage II CC classified based on the 7th edition of the American Joint Committee on Cancer staging 
system; (3) intermediate- and high-risk features; and (4) available test results for MMR status. A total of 286 patients met these crite-
ria and were included in the study. 
Results: Among the 286 patients, 54 (18.9%) were identified as microsatellite instability-high (MSI-H) or deficient MMR (dMMR). Al-
though all the patients identified as MSI-H/dMMR showed better survival outcomes, T4 tumors and adjuvant chemotherapy were 
identified as independent prognostic factors for survival. For the intermediate-risk patients identified as MSI-low (MSI-L)/microsatel-
lite stable (MSS) or proficient MMR (pMMR), adjuvant chemotherapy exhibited a significantly better disease-free survival (DFS) but 
had no impact on overall survival (OS). Oxaliplatin-containing regimens showed no association with DFS or OS. Adjuvant chemothera-
py was not associated with DFS in intermediate-risk patients identified as MSI-H/dMMR. 
Conclusion: The current study found that the use of adjuvant chemotherapy was correlated with better DFS in MSI-L/MSS or pMMR 
intermediate-risk stage II CC patients. 
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Introduction 

Complete surgical resection followed by adjuvant chemotherapy 
according to pathologic stage is the current standard of care for pa-
tients with locoregional colon cancer (CC). For patients with stage 
III disease, the standard adjuvant chemotherapy is usually FOLF-
OX (infusional 5-fluorouracil [5-FU], leucovorin, and oxaliplatin) 
or CAPOX (capecitabine and oxaliplatin) [1,2]. However, for pa-
tients with stage II disease, the additional survival benefit from ad-
juvant chemotherapy varies according to clinicopathological pa-
rameters, including microsatellite instability (MSI). Thus, standard 
guidelines do not recommend adjuvant therapy for patients with 
low-risk stage II disease, while recommending adjuvant chemo-
therapy for patients with high-risk stage II disease (T3N0 with 
high-risk factor for recurrence or T4N0). High-risk factors include 
poorly differentiated histology, lymphovascular invasion, perineu-
ral invasion, bowel obstruction, perforation, positive margin, and 
inadequately sampled lymph nodes, according to National Com-
prehensive Cancer Network (NCCN) guidelines [3-6]. 

MSI, the abnormal shortening or lengthening of DNA by 1–6 
repeating base pair units, results from the inactivation of the DNA 
mismatch repair (MMR) system and is found in approximately 
15% of CCs [7]. Thus, MMR status is an important factor to con-
sider when deciding whether to use adjuvant chemotherapy in pa-
tients with stage II CC [8]. According to previous studies, CC pa-
tients with MSI-high (MSI-H) tumors have a more favorable prog-
nosis than those with microsatellite stable (MSS) tumors [9-11]. 
In addition, patients with MSI-low (MSI-L) or MSS tumors exhib-
ited improved outcomes with 5-FU-based adjuvant chemotherapy, 
while adjuvant treatment was seemingly detrimental for patients 
with MSI-H stage II CC [10]. 

Recently, the European Society for Medical Oncology (ESMO) 
subdivided high-risk stage II CC into high-risk (T4, < 12 lymph 
nodes or multiple risk factors) and intermediate-risk (lymphatic 
invasion, perineural invasion, vascular invasion, histologic grade 3, 
obstruction, or carcinoembryonic antigen [CEA] > 5 ng/mL) 
groups. In addition, they recommended adjuvant FOLFOX or 
CAPOX for high-risk stage II CC regardless of MMR status and 
5-FU or capecitabine chemotherapy alone for intermediate-risk 
stage II CC with MSS [12]. However, there are discrepancies in  
the chemotherapy recommendations for high- and intermedi-
ate-risk stage II CC between the ESMO and NCCN guidelines [6]. 

Accordingly, the present study evaluated the clinical implications 
of adjuvant chemotherapy for high-risk and intermediate-risk stage 
II CC according to the NCCN and ESMO guidelines. We also in-
vestigated the prognostic impact of clinicopathologic features, in-
cluding MSI status, in patients with stage II CC. 

Methods 

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Kyungpook National Universi-
ty Chilgok Hospital (IRB No: 2017-11-009), and the require-
ment for informed consent was waived. 

1. Patients and treatment 
This study retrospectively reviewed 5,774 patients who were diag-
nosed with CC and underwent curative surgical resection at 
Kyungpook National University Chilgok Hospital between Janu-
ary 2011 and December 2019. The patients were enrolled accord-
ing to the following criteria: (1) pathologically diagnosed with pri-
mary CC; (2) stage II CC based on the 7th edition of the Ameri-
can Joint Committee on Cancer staging system [13]; (3) interme-
diate- and high-risk features [12]; and (4) available test results for 
MMR status. A total of 286 patients met all of these criteria and 
were included in the study (Fig. 1). Patient records were also re-
viewed for data on their medical history, age, sex, adjuvant chemo-
therapy regimen, surgical methods, and pathologic results. 

Adjuvant chemotherapy was started 3 to 6 weeks after surgery. 
In the case of capecitabine monotherapy (capecitabine of 1,250 
mg/m2 twice a day, day [D] 1–D14) and CAPOX therapy (oxal-
iplatin of 130 mg/m2, D1 and capecitabine of 1,000 mg/m2 twice a 
day, D1–D14), the patients received chemotherapy every 3 weeks 
for 24 weeks [14,15]. In the case of FOLFOX therapy (oxaliplatin 
of 85 mg/m2, D1; leucovorin of 400 mg/m2, D1; 5-FU of 400 mg/
m2 bolus, D1; and 5-FU of 2,400 mg/m2 continuous, D1–D2), the 
patients received 12 cycles of chemotherapy every 2 weeks 
[16,17]. The 5-FU/leucovorin regimen (5-FU of 425 mg/m2 and 
leucovorin of 20 mg/m2, D1–D5) was administered every 4 weeks 
for six cycles. Dose modifications were performed according to 
predefined guidelines based on toxicity responses [18]. Observa-
tion without adjuvant therapy was also an option for patients who 
were elderly or patients with an Eastern Cooperative Oncology 
Group performance status of ≥ 3.  

2. Definition of high-risk stage II disease by National Com-
prehensive Cancer Network guidelines 
For patients with MSS, stage II disease was classified as high risk if 
they exhibited at least one of the poor prognosis features, while all 
patients with MSI-H were excluded from the high-risk group [6]. 

3. Definition of intermediate- and high-risk stage II disease 
by European Society for Medical Oncology guidelines 
Patients with stage II disease were classified as intermediate risk if 
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they exhibited one of the poor prognosis features except for a T4 
tumor or inadequately sampled lymph nodes ( < 12 lymph nodes). 
Patients with stage II disease were classified as high risk if they ex-
hibited a T4 tumor, including perforation and/or inadequately 
sampled lymph nodes or several intermediate-risk factors [12]. 

4. Determination of mismatch repair status 
MSI was evaluated based on immunohistochemistry (IHC) analy-
sis of the expression of MMR proteins (MLH1, MSH2, MSH6, 
and PMS2) or by molecular MSI testing based on a polymerase 
chain reaction (PCR) assay [19]. IHC for MMR protein expres-
sion was performed on whole sections using an automatic immu-
nostainer (BenchMark XT, Ventana Medical Systems, Tucson, AZ, 
USA) according to the manufacturer’s instructions. Primary 
monoclonal antibodies against MLH1 (clone M1, prediluted, Ven-
tana Medical Systems), MSH2 (clone G219, 1:100, Cellmark, 
Rocklin, CA, USA), MSH6 (clone 44, prediluted, Ventana Medi-
cal Systems), and PMS2 (clone mrq-28, 1:200, Cellmark), and an 
ultraView Universal DAB kit (Ventana Medical Systems) were ap-
plied to 4-µm-thick 10% formalin-fixed tissue sections. Tumors 
displaying loss of expression of one or more MMR proteins were 
considered deficient MMR (dMMR), whereas those with intact 
MMR proteins were classified as proficient MMR (pMMR). 
Meanwhile, molecular MSI testing used a panel consisting of five 
markers (D5S346, BAT26, BST25, D17S250, and D2S123). The 
amplified PCR products were analyzed using a Model 3500 × L 
Genetic Analyzer (Thermo Fisher Scientific, Seoul, Korea). A lo-
cus was determined to be unstable if unequivocal instabilities were 
observed in the tumor sample in comparison with paired normal 
DNA from the same patient. The MSI was graded as high 
(MSI-H) when two or more markers were unstable, low (MSI-L) 
when one marker was unstable, and stable (MSS) when all mark-

ers were stable. 

5. Statistical analysis 
Descriptive statistics are reported as proportions and medians. 
Categorical variables were evaluated using chi-square and Fisher 
exact tests, as appropriate. Disease-free survival (DFS) was mea-
sured from the date of surgery to the date of tumor recurrence or 
all-cause mortality. Overall survival (OS) was calculated from the 
date of surgery to that of all-cause mortality. Data were censored if 
patients were free of recurrence or were alive at the last follow-up. 
The Kaplan-Meier method was used to estimate DFS and OS. The 
survival curves were compared using a log-rank test according to 
MMR status or adjuvant chemotherapy. Multivariate survival anal-
yses were performed using the Cox proportional hazard regression 
model. The hazard ratio and 95% confidence interval were esti-
mated for each factor. Statistical significance was set at p< 0.05. 
Statistical analyses were performed using IBM SPSS ver. 21.0 for 
Windows (IBM Corp., Armonk, NY, USA).  

Results 

1. Patient and tumor characteristics 
The patient and tumor characteristics are summarized in Table 1. 
The median age was 70 years (range, 25–88 years) at the time of 
diagnosis, and 153 patients (53.5%) were male. According to the 
MMR status results, 54 patients (18.9%) were identified as 
MSI-H/dMMR. The primary tumors were located in the ascend-
ing colon in 100 patients (35.0%), transverse colon in 56 patients 
(19.6%), and descending colon in 130 patients (45.5%). Right-sid-
ed CC was observed in 147 patients (51.4%), and left-sided CC 
was observed in 139 patients (48.6%). The frequencies of interme-
diate- and high-risk features were as follows: T4 tumor (n = 51, 

5,774 Diagnosed with CC & underwent curative surgical resection

29 MSI-H or dMMR 25 MSI-H or dMMR86 MSI-L/MSS or pMMR 146 MSI-L/MSS or pMMR

5,488 Excluded patients
• Stage I & stage III
• Standard risk stage II
• Absence of test result for MMR status

286 Intermediate & high risk stage II CC

115 Intermediate risk stage II CC 171 High risk stage II CC

Fig. 1. Flow diagram of patient selection. CC, colon cancer; MMR, mismatch repair; MSI, microsatellite instability; MSI-H, MSI-high; 
dMMR, deficient MMR; MSI-L, MSI-low; MSS, microsatellite stable; pMMR, proficient MMR.
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Table 1. Patient characteristics

Characteristic Total
MMR status

p-value
MSI-H/dMMR MSI-L/MSS or pMMR

No. of patients 286 (100) 54 (18.9) 232 (81.1)
Age 70 (25–88) 71 (40–86) 70 (25–88) 0.747
Sex 0.139
 Male 153 (53.5) 24 (15.7) 129 (84.3)
 Female 133 (46.5) 30 (22.6) 103 (77.4)
Primary tumor location <0.001
 Ascending colon 100 (35.0) 30 (30.0) 70 (70.0)
 Transverse colon 56 (19.6) 13 (23.2) 43 (76.8)
 Descending colon 130 (45.5) 11 (8.5) 119 (91.5)
Primary tumor sidedness <0.001
 Right 147 (51.4) 41 (27.9) 106 (72.1)
 Left 139 (48.6) 13 (9.4) 126 (90.6)
T stage 0.299
 T4 51 (17.8) 7 (13.7) 44 (86.3)
 T3 235 (82.2) 47 (20.0) 188 (80.0)
No. of sampled LNs 0.245
 <12 28 (9.8) 3 (10.7) 25 (89.3)
 ≥12 258 (90.2) 51 (19.8) 207 (80.2)
Obstruction 0.579
 Yes 22 (7.7) 5 (22.7) 17 (77.3)
 No 264 (92.3) 49 (18.6) 215 (81.4)
Perforation >0.999
 Yes 3 (1.0) 0 (0) 3 (100)
 No 283 (99.0) 54 (19.1) 229 (80.9)
Positive margins
 Yes 0 (0) 0 (0) 0 (0)
 No 286 (100) 54 (18.9) 232 (81.1)
High-grade tumor 0.002
 Yes 25 (8.7) 11 (44.0) 14 (56.0)
 No 261 (91.3) 43 (16.5) 218 (83.5)
Perineural invasion 0.900
 Yes 162 (56.6) 31 (19.1) 131 (80.9)
 No 124 (43.4) 23 (18.5) 101 (81.5)
Lymphovascular invasion 0.935
 Yes 184 (64.3) 35 (19.0) 149 (81.0)
 No 102 (35.7) 19 (18.6) 83 (81.4)
ESMO guidelines 0.025
 Intermediate risk 115 (40.2) 29 (25.2) 86 (74.8)
 High risk 171 (59.8) 25 (14.6) 146 (85.4)
Adjuvant chemotherapy 0.753
 Yes 201 (70.3) 37 (18.4) 164 (81.6)
 No 85 (29.7) 17 (20.0) 68 (80.0)
Oxaliplatin-contained 0.281
 Yes 98 (48.8) 21 (21.4) 77 (78.6)
 No 103 (51.2) 16 (15.5) 87 (84.5)
Relapse 0.053
 Yes 32 (11.2) 2 (6.3) 30 (93.8)
 No 254 (88.8) 52 (20.5) 202 (79.5)
Death 0.140
 Yes 19 (6.6) 1 (5.3) 18 (94.7)
 No 267 (93.4) 53 (19.9) 214 (80.1)

Values are presented as number (%) or median (range).
MMR, mismatch repair; MSI, microsatellite instability; MSI-H, MSI-high; dMMR, deficient MMR; MSI-L, MSI-low; MSS, microsatellite stable; pMMR, 
proficient MMR; LN, lymph node; ESMO, European Society for Medical Oncology.
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17.8%), fewer than 12 lymph nodes examined (n = 28, 9.8%), ob-
struction (n = 22, 7.7%), perforation (n = 3, 1.0%), high-grade tu-
mor (n = 25, 8.7%), perineural invasion (n = 162, 56.6%), and lym-
phovascular invasion (n = 184, 64.3%). Among the 286 eligible pa-
tients, 201 (70.3%) received adjuvant therapy. Among these 201 
patients, 99 (49.3%) received capecitabine alone, four (2.0%) re-
ceived 5-FU/leucovorin, 95 (47.3%) received FOLFOX, and 
three (1.5%) received CAPOX as adjuvant chemotherapy. Among 
the 86 patients with intermediate-risk and MSI-L/MSS or 
pMMR, 53 (61.6%) received adjuvant therapy. Among these 53 
patients, 28 (52.8%) received either capecitabine alone or 5-FU/
leucovorin in combination, and 25 (47.2%) received either 
FOLFOX or CAPOX as adjuvant chemotherapy. The incidence 
of MSI-H/dMMR was higher with right-sided CC (n = 41, 
27.9%) and high-grade tumors (n = 11, 44.0%). 

2. Survival outcomes 
With a median follow-up duration of 36.0 months (range, 0.5–
105.2 months), the estimated 3-year DFS and OS rates were 88.9% 
and 93.8%, respectively. During the analyses, 32 patients (11.2%) 
experienced disease relapse, and 19 patients (6.6%) died. Among 
the patients with MSI-H, only two experienced relapse, and only 
one died. According to ESMO guidelines, 115 patients (40.2%) 
were classified as intermediate risk and 171 (59.8%) as high risk 
(Table 1). The incidence of MSI-H/dMMR was higher among in-
termediate-risk patients (n = 29, 25.2%) than among high-risk pa-
tients (n = 25, 14.6%). For the intermediate-risk patients identified 

as MSI-L/MSS or pMMR (n = 86), seven patients experienced a 
relapse and three patients died. Only one patients who received 
capecitabine as adjuvant chemotherapy experienced relapse and 
death, but none of the patients who received an oxaliplatin-con-
taining regimen as adjuvant chemotherapy experienced either re-
lapse or death. For the intermediate-risk patients identified as 
MSI-L/MSS or pMMR, adjuvant chemotherapy produced a sig-
nificantly better DFS (p= 0.002), yet had no impact on OS 
(p= 0.176) (Fig. 2). The oxaliplatin-containing regimens were not 
associated with DFS or OS (Fig. 3). For the intermediate-risk pa-
tients identified as MSI-H/dMMR, only one patients who did 
not receive adjuvant chemotherapy experienced relapse and adju-
vant chemotherapy showed no association with DFS (p= 0.678) 
(Fig. 4). 

3. Prognostic value of microsatellite instability and factors 
affecting survival outcomes 
In the multivariate analysis including intermediate- and high-risk 
patients, a T4 tumor and adjuvant chemotherapy were both identi-
fied as independent prognostic factors for DFS (Table 2) and OS 
(Table 3). 

Discussion 

Accumulating data suggest that MMR status and clinicopathologic 
features are both important determinants in deciding whether to 
pursue adjuvant chemotherapy for patients with stage II CC. How-
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Fig. 2. Kaplan-Meier survival curves for (A) disease-free and (B) overall survival of patients with intermediate-risk stage II colon cancer 
and microsatellite instability-low/microsatellite stable according to adjuvant chemotherapy.
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ever, the use of adjuvant chemotherapy in intermediate-risk stage 
II patients remains debatable. Therefore, the present study investi-
gated the clinical impact of adjuvant chemotherapy in a relatively 
large cohort of intermediate-risk stage II CC patients. As a result, 
the intermediate-risk patients identified as MSI-L/MSS or pMMR 
exhibited improved outcomes with adjuvant chemotherapy, but 
the addition of oxaliplatin showed no survival benefit. Thus, a fur-
ther prospective randomized study is needed to explore the benefit 

of oxaliplatin in adjuvant therapy for MSI-L/MSS or pMMR inter-
mediate-risk stage II patients. Meanwhile, the intermediate-risk pa-
tients with tumors identified as MSI-H/dMMR in the present 
study showed no statistically significant benefit from adjuvant che-
motherapy. 

Several guidelines suggest that certain clinicopathologic high-
risk features may be predictive of benefit from adjuvant chemo-
therapy for patients with stage II CC [20]. According to NCCN 
guidelines, high-risk features include T4 tumors; poorly differenti-
ated/undifferentiated histology; lymphovascular invasion; peri-
neural invasion; tumor budding; bowel obstruction; lesions with 
localized perforations or close, indeterminate, or positive margins; 
and inadequately sampled lymph nodes ( < 12 nodes) [6]. Thus, 
for high-risk patients, adjuvant therapy can be considered in con-
junction with patient/physician discussions personalized for each 
patient [3,21]. Meanwhile, ESMO guidelines propose both major 
prognostic parameters (pathological [p] T4 stage including perfo-
rations and lymph node sampling < 12) and minor prognostic pa-
rameters (high-grade tumor, vascular invasion, lymphatic invasion, 
perineural invasion, tumor presentation with obstruction, and high 
preoperative CEA levels) [12]. For intermediate-risk patients 
(non-MMR/MSI and any risk factor except pT4 or < 12 lymph 
nodes assessed), 6 months of 5-FU treatment is recommended 
[12]. However, most studies addressing the role of adjuvant treat-
ment in high-risk stage II settings have been retrospective or un-
planned analyses [22]. Moreover, the limitations of these studies 
are the biologic heterogeneity of the various factors and the lack of 
an unequivocal definition of clinicopathologic conditions [23]. 

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Di
se

as
e-

fr
ee

 s
ur

vi
va

l

O
ve

ra
ll 

su
rv

iv
al

Time (mo) after surgery Time (mo) after surgery

20 2040 40

Oxaliplatin combined
Oxaliplatin not combined
p=0.425

Oxaliplatin combined
Oxaliplatin not combined
p=0.425

60 6080 80100 100

No. at risk
Oxaliplatin 25 25 14 2 1
No oxaliplatin 28 27 12 5 2

No. at risk
Oxaliplatin 25 25 14 2 1
No oxaliplatin 28 27 12 5 2

A B

Fig. 3. Kaplan-Meier survival curves for (A) disease-free and (B) overall survival of patients with intermediate-risk stage II colon cancer 
and microsatellite instability-low/microsatellite stable or proficient mismatch repair according to type of adjuvant chemotherapy.

1.0

0.8

0.6

0.4

0.2

0.0

Di
se

as
e-

fr
ee

 s
ur

vi
va

l

Time (mo) after surgery
20 40

Adjuvant chemotherapy
No adjuvant chemotherapy
p=0.678

60

No. at risk
Adjuvant  

chemotherapy
22 19 12 1

No adjuvant  
chemotherapy

7 4 2 1

Fig. 4. Kaplan-Meier survival curves for disease-free survival of 
patients with intermediate-risk stage II colon cancer and micro-
satellite instability-high or deficient mismatch repair according 
to adjuvant chemotherapy.

https://doi.org/10.12701/yujm.2021.01571146

Kang et al.  Adjuvant chemotherapy in intermediate-risk stage II colon cancer



Nevertheless, the current findings confirm a significant survival 
benefit for MSI-L/MSS or pMMR intermediate-risk stage II CC 
patients treated with adjuvant therapy when compared to patients 
not receiving adjuvant therapy. Furthermore, the current analyses 
excluded high-risk patients with pT4 and/or < 12 lymph nodes 
and several intermediate-risk factors known as robust risks of re-
lapse after CC resection [4]. The current findings also narrow the 
indications for adjuvant chemotherapy and may help in establish-
ing appropriate treatment strategies and disease prognosis for pa-
tients with stage II CC. 

Besides clinicopathologic factors, selection of the adjuvant regi-
men varies depending on clinical considerations such as the pa-
tient’s performance status, comorbidities and tolerance, and physi-
cian/patient preference [18]. In the current study, no survival ben-
efits were noted when oxaliplatin was added to the adjuvant regi-
mens for intermediate-risk stage II patients identified as MSI-L/
MSS or pMMR. This result is consistent with those of previous 
studies. The results from a recent post-hoc exploratory analysis of 
the MOSAIC trial showed no significant DFS benefit of FOLFOX 
when compared with infusional 5-FU/ leucovorin [5,24]. The 

Table 2. Univariate and multivariate analyses for disease-free survival

Variable
Disease-free survival

Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% CI) p-value

Age, ≥65 yr 3.782 (1.325–10.794) 0.013 2.335 (0.795–6.857) 0.123
Male sex 1.120 (0.559–2.262) 0.741 1.016 (0.481–2.146) 0.967
Primary tumor sidedness, right 1.425 (0.708–2.865) 0.321 1.558 (0.727–3.339) 0.255
Tumor stage, T4 4.027 (2.002–8.098) <0.001 4.679 (2.020–10.838) <0.001
Sampled LNs, <12 1.715 (0.697–4.219) 0.240 2.053 (0.745–5.658) 0.165
Obstruction, yes 2.268 (0.309–16.667) 0.420
Perforation, yes 20.366 (0.000–6.956×109) 0.764
High-grade tumor, yes 22.896 (0.087–6.050×103) 0.271
Perineural invasion, yes 1.040 (0.516–2.098) 0.913
Lymphovascular invasion, yes 2.644 (1.284–5.448) 0.008 1.393 (0.625–3.106) 0.418
Adjuvant chemotherapy, no 3.592 (1.783–7.240) <0.001 3.967 (1.910–8.239) <0.001
Oxaliplatin-contained, no 2.720 (0.866–8.544) 0.087
MMR status, low/MSS 3.804 (0.907–15.915) 0.068 2.434 (0.550–10.768) 0.241

HR, hazard ratio; CI, confidence interval; LN, lymph node; MMR, mismatch repair; MSS, microsatellite stable.

Table 3. Univariate and multivariate analyses for overall survival

Variable
Overall survival

Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% CI) p-value

Age, ≥65 yr 4.629 (1.068–20.058) 0.041 2.727 (0.604–12.301) 0.192
Male sex 1.645 (0.657–4.202) 0.298 1.645 (0.598–4.525) 0.335
Primary tumor sidedness, right 1.166 (0.472–2.879) 0.739 1.301 (0.477–3.548) 0.607
Tumor stage, T4 5.324 (2.104–13.466) <0.001 7.568 (2.313–24.766) 0.001
Sampled LNs, <12 1.076 (0.304–3.817) 0.909 1.866 (0.446–7.813) 0.393
Obstruction, yes 1.063 (0.141–8.035) 0.953
Perforation, yes 20.336 (0.000–4.319×1017) 0.875
High-grade tumor, yes 22.724 (0.011–4.899×104) 0.425
Perineural invasion, yes 2.075 (0.770–5.595) 0.149
Lymphovascular invasion, yes 2.172 (0.831–5.675) 0.114 1.116 (0.378–3.296) 0.843
Adjuvant chemotherapy, no 3.344 (1.311–8.534) 0.012 4.525 (1.627–12.579) 0.004
Oxaliplatin-contained, no 1.957 (0.489–7.839) 0.343
MMR status, low/MSS 0.453 (0.591–33.561) 0.147 2.812 (0.350–22.560) 0.331

HR, hazard ratio; CI, confidence interval; LN, lymph node; MMR, mismatch repair; MSS, microsatellite stable.
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NSABP-07 trial also showed no benefit from oxaliplatin-contain-
ing regimens [25]. Of note, the definition of high-risk differs 
among such studies, and no prospective trial has yet compared ox-
aliplatin-based therapy in intermediate-risk patients [20]. Howev-
er, the current results clearly question the use of oxaliplatin in adju-
vant chemotherapy for patients with intermediate-risk stage II CC. 
Therefore, further large-scale studies are required to identify the 
features predictive of benefit from oxaliplatin-based therapy in 
MSI-L/MSS or pMMR intermediate-risk stage II CC. 

Interestingly, the present study demonstrated that MSI-H/
dMMR status was associated with better prognosis, but this status 
did not predict the benefit of adjuvant chemotherapy in intermedi-
ate-risk stage II CC patients. Thus, despite substantial evidence of 
MSI-H/dMMR as a prognostic marker of a more favorable out-
come, the role of adjuvant treatment for stage II CC patients with 
MSI-H/dMMR status remains unclear [11]. Several studies have 
also reported that MSI-H/dMMR status may be a predictive 
marker of decreased benefit and possibly detrimental impact of ad-
juvant therapy with 5-FU alone in patients with stage II CC [9,10], 
whereas other recent studies revealed no association with adjuvant 
treatment, which is consistent with the survival results of the pres-
ent study [26,27]. Thus, when taken together, the current observa-
tions on the association of MSI-H/dMMR status and impact of 
adjuvant chemotherapy would seem to offer meaningful informa-
tion and a novel strategy for patient subgroups with different risks. 

The use of adjuvant chemotherapy was found to correlate with 
better DFS in MSI-L/MSS or pMMR intermediate-risk stage II 
CC patients, thereby warranting further clarification of the role of 
adjuvant chemotherapy and benefit of oxaliplatin-containing regi-
mens for MSI-L/MSS or pMMR intermediate-risk stage II CC pa-
tients after curative resection. 
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