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Purpose: Adjuvant chemotherapy (AC) is recommended for patients with stage II colorectal cancer with adverse features. 
However, the effect of adjuvant treatment in elderly patients with high-risk stage II colorectal cancer remains controver-
sial. This study aimed to investigate the oncologic outcomes in elderly high-risk stage II colorectal cancer patients who 
underwent curative resection with or without AC.
Methods: Patients aged over 70 years having stage II colorectal adenocarcinoma with at least 1 adverse feature who under-
went radical surgery between 2008 and 2017 at a single center were included. We compared recurrence-free survival (RFS) 
and overall survival (OS) between patients who received more than 80% of the planned AC cycle (the AC+ group) and 
those who did not receive it (the AC− group).
Results: The AC+ and AC– group contained 46 patients and 50 patients, respectively. The log-rank test revealed no signif-
icant intergroup differences in RFS (P = 0.083) and OS (P = 0.122). In the subgroup of 27 patients with more than 2 ad-
verse features, the AC+ group (n = 16) showed better RFS (P = 0.006) and OS (P = 0.025) than the AC− group. In this sub-
group, AC was the only significant factor affecting RFS in the multivariate analysis (P = 0.023). AC was significantly asso-
ciated with OS (P = 0.033) in the univariate analysis, but not in the multivariate analysis (P = 0.332).
Conclusion: Among elderly patients with stage II high-risk colorectal cancer, the AC+ group did not show better RFS or 
OS than the AC− group. However, selected patients with more than 2 adverse features might benefit from AC.
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INTRODUCTION

Although the benefit of adjuvant chemotherapy (AC) in stage II 
colorectal cancer remains controversial, guidelines recommend 
AC for patients having T4N0/T3N0 cancer with adverse features 
such as T4 tumor, insufficient nodal harvest, obstruction, or per-
foration [1, 2]. Some studies have reported an association among 
high-risk features, adjuvant treatment, and cancer survival [3, 4]. 
However, these studies did not focus on elderly patients despite 
the steady increase in the number of patients diagnosed with 

colorectal cancer who were aged over 70 years. Moreover, the pro-
portion of elderly patients receiving chemotherapy tends to be 
lower than that of younger patients [5]. Therefore, the effective-
ness of adjuvant therapy in patients with high-risk stage II colon 
cancer has not been well studied. The present study aimed to in-
vestigate the oncologic outcomes in elderly high-risk stage II 
colorectal cancer patients who underwent curative resection with 
or without postoperative AC.

METHODS

Subjects
Patients over 70 years of age who were diagnosed with T3 or T4 
node-negative colorectal adenocarcinoma with at least 1 adverse 
feature after radical surgery at Inje University Sanggye Paik Hos-
pital in Seoul, Korea between 2008 and 2017 were included in this 
retrospective study. Patients with distant metastasis, emergent 
surgery, recurrent cancer, history of neoadjuvant treatment, other 
synchronous cancer diagnosed within 5 years from the date of 
surgery, or follow-up duration of less than 6 months were ex-
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cluded. We divided the patients into 2 groups; patients who re-
ceived over 80% of the planned AC cycle (the AC+ group) and 
those who did not receive it (the AC− group). The present study 
was approved by the Institutional Review Board of Inje University 
Sanggye Paik Hospital (No. SGPAIK 2020-03-008) and informed 
consent was waived.

Data collection
We collected preoperative clinical data including age, sex, body 
mass index, American Society of Anesthesiologists physical status 
classification, Charlson comorbidity index (CCI) score, preopera-
tive carcinoembryonic antigen level, and presence of obstruction. 
Pathologic variables such as tumor location, histological grade, T 
stage, number of retrieved lymph nodes, margin status, lymphatic 
invasion, venous invasion, perineural invasion, and perforation 

Table 1. Patient characteristics

Variable Total
Adjuvant chemotherapya

P-value
No Yes

Patient 96 (100) 50 (52.1) 46 (47.9)

Age (yr) 77.2 ± 4.9 78.9 ± 5.4 75.4 ± 3.4 0.001*

Sex 0.213

  Female 38 (39.6) 23 (46.0) 15 (32.6)

  Male 58 (60.4) 27 (54.0) 31 (67.4)

Body mass index (kg/m2) 23.0 ± 3.1 22.9 ± 3.3 23.2 ± 2.8 0.556

Charlson comorbidity index 0.024*

  4 55 (57.3) 23 (46.0) 32 (69.6)

  5–6 41 (42.7) 27 (54.0) 14 (30.4)

ASA PS classification 0.835

  II 58 (60.4) 31 (62.0) 27 (58.7)

  III 38 (39.6) 19 (38.0) 19 (41.3)

Pathologic grading 0.369

  Well differentiated 4 (4.2) 3 (6.0) 1 (2.2)

  Moderately differentiated 79 (82.3) 38 (76.0) 41 (89.1)

  Poorly differentiated 8 (8.3) 6 (12.0) 2 (4.3)

  Mucinous 5 (5.2) 3 (6.0) 2 (4.3)

pT stage 0.331

  pT3 74 (77.1) 41 (82.0) 33 (71.7)

  pT4 22 (22.9) 9 (18.0) 13 (28.3)

Tumor location > 0.999

  Right 41 (42.7) 21 (42.0) 20 (43.5)

  Left 55 (57.3) 29 (58.0) 26 (56.5)

Margin <  5 mm 0.557

  No 83 (86.5) 42 (84.0) 41 (89.1)

  Yes 13 (13.5) 8 (16.0) 5 (10.9)

Table 1. Continued

Variable Total
Adjuvant chemotherapya

P-value
No Yes

No. of lymph nodes retrieved 0.543

  < 12 84 (87.5) 45 (90.0) 39 (84.8)

  ≥ 12 12 (12.5) 5 (10.0) 7 (15.2)

Lymphatic invasion 0.822

  No 26 (27.1) 13 (26.0) 13 (28.3)

  Yes 70 (72.9) 37 (74.0) 33 (71.7)

Venous invasion 0.107

  No 72 (75.0) 41 (82.0) 31 (67.4)

  Yes 24 (25.0) 9 (18.0) 15 (32.6)

Perineural invasion 0.528

  No 85 (88.5) 43 (86.0) 42 (91.3)

  Yes 11 (11.5) 7 (14.0) 4 (8.7)

Obstruction 0.058

  No 72 (75.0) 42 (84.0) 30 (65.2)

  Yes 24 (25.0) 8 (16.0) 16 (34.8)

Perforation 0.606

  No 93 (96.9) 49 (98.0) 44 (95.7)

  Yes 3 (3.1) 1 (2.0) 2 (4.3)

Preoperative serum CEA 
level (ng/mL) 

12.7 ± 58.1 7.8 ± 21.6 17.5 ± 79.5 0.858

No. of adverse features 0.181

  1–2 69 (71.9) 39 (78.0) 30 (65.2)

  3–5 27 (28.1) 11 (22.0) 16 (34.8)

Values are presented as number (%) or mean ± standard deviation.
ASA, American Society of Anesthesiologists; PS, physical status; pT stage, patho-
logic T stage; CEA, carcinoembryonic antigen.
aDefined as completion of more than 80% of the planned adjuvant chemotherapy 
cycle.
*P < 0.05.(Continued to the next)

were evaluated. Cancers from the caecum to the splenic flexure 
were defined as right-sided cancers, while those from the de-
scending colon to the rectum were defined as left-sided cancers.

An adverse feature was defined as a poor histologic grade, T4 
stage, close margin, less than 12 harvested lymph nodes, lym-
phatic invasion, venous invasion, perineural invasion, obstruc-
tion, or perforation according to the National Comprehensive 
Cancer Network guidelines [1]. Close margin was defined as a re-
section margin of less than 5 mm.

Survival data were obtained from the National Cancer Center in 
Goyang, Korea. Recurrence-free survival (RFS) was calculated 
from the date of surgery to the date of the first diagnosis of recur-
rence. Overall survival (OS) was calculated from the date of sur-
gery to the date of death from any cause.



Annals of

Coloproctology

www.coloproctol.org

Effect of Adjuvant Chemotherapy on Elderly Stage II High-Risk Colorectal Cancer Patients

Yujin Lee, et al.

300

Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics 
ver. 25.0 (IBM Corp., Armonk, NY, USA). A P-value of < 0.05 
was considered statistically significant. Analysis of associations 
between categorical variables was performed using the Pearson 
chi-square test. Continuous variables were compared using the 
Mann-Whitney U-test. The Kaplan-Meier method and the log-
rank test were used to analyze RFS and OS. Factors affecting sur-
vival were evaluated using the Cox proportional hazards model. 
Variables with the P-values of < 0.15 in the univariate analysis 
were included in the multivariate analysis.

RESULTS

Patient characteristics
The mean age of 96 patients who fulfilled the inclusion criteria 
was 77.2 years (range, 70–91 years). The mean follow-up duration 
was 3.5 years (range, 3 months to 10.9 years). Clinical characteris-
tics of patients according to AC are listed in Table 1. Forty-six pa-
tients were included in the AC+ group and 50 patients were in-
cluded in the AC− group. The age of patients from the AC+ 
group was significantly lower than the age of patients from the 
AC− group (mean age, 75.4 vs. 78.9 years; P= 0.001). The AC+ 
group exhibited higher CCI score than the AC− group (P= 0.024). 
No patients received preoperative concurrent chemoradiotherapy 
in both groups. There were no significant differences in other 
characteristics between the groups (Table 1).

Survival analysis
Recurrence was detected in 19 patients (19.8%). Among these, 11 
patients were from the AC− group (22%) and 8 patients were 
from the AC+ group (17.4%). Mean RFS duration of the AC− 
group was 60.8 months (95% confidence interval [CI], 50.3−69.6) 

and mean RFS duration of the AC+ group was 104.8 months 
(95% CI, 88.4−121.2) according to the Kaplan-Meier method. 
However, the log-rank analysis did not show a significant differ-
ence in RFS between the groups (P= 0.083) (Fig. 1A).

Thirty patients died until the date of data collection. Among 
these, 17 patients (34.0%) were from the AC− group and 13 pa-
tients (28.3%) were from the AC+ group. Mean OS duration of 
the AC− group was 75.6 months (95% CI, 62.2−89.0) and mean 
OS duration of the AC+ group was 100.0 months (95% CI, 85.7− 
114.0). The difference between the groups was not statistically 
significant (log-rank test, P= 0.122) (Fig. 1B).

Factors associated with recurrence-free survival and overall 
survival (multivariate analysis)
In the univariate analysis using the Cox proportional hazards 
model, venous invasion, perineural invasion, and the number of 
adverse features were associated with RFS and OS. In the multi-
variate analysis, only perineural invasion remained independently 
associated with RFS (hazard ratio [HR], 4.161; 95% CI, 1.188− 
14.576; P = 0.026) and OS (HR, 4.760; 95% CI, 1.713−13.226; 
P= 0.003). AC was not a significant factor affecting RFS in the 
univariate analysis (P= 0.092). However the multivariate analysis 
showed the protective effect of AC (HR, 0.317; 95% CI, 0.114− 
0.882; P= 0.028) (Table 2).

Subgroup analysis
Subgroup analysis of the effect of AC was performed according to 
the number of adverse features. In the subgroup of 69 patients 
with fewer than 3 adverse features, no significant difference was 
observed in RFS (P= 0.705) and OS (P= 0.469) between the AC− 
group (n= 39) and the AC+ group (n= 30) (Fig. 2A, B). However, 
the AC+ group (n = 16) showed better RFS (P = 0.006) and OS 
(P= 0.025) than the AC− group (n= 11) in the other subgroup of 

Fig. 1. Kaplan-Meier curves showed the effect of adjuvant chemotherapy (AC) on elderly stage II high-risk colorectal cancer patients. (A) Re-
currence-free survival. (B) Overall survival. AC+, a group of the patients who received over 80% of planned AC; AC−, a group of the patients 
who did not receive AC or received less than 80% of planned AC.
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27 patients with 3 or more adverse features (Fig. 2C, D).
In the subgroup of patients with 3 or more adverse features, per-

foration and AC were associated with RFS in the univariate analy-
sis. AC was the only independent factor affecting RFS in the mul-
tivariate analysis (HR, 0.228; 95% CI, 0.064−0.819; P= 0.023). In 
the univariate analysis, age and AC were associated with OS. 

However, the multivariate analysis revealed no factors signifi-
cantly associated with OS (Table 3).

 
DISCUSSION

With an increase in the aging population, the number of elderly 

Table 2. Univariate and multivariate analysis of recurrent free survival and overall survival

Variable

Recurrence-free survival Overall survival

Univariate Multivariate Univariate Multivariate

 HR (95% CI) P-value  HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age 0.996 (0.905−1.096) 0.936 1.001 (0.926−1.082) 0.979

Sex

  Female 1.000 1.000

  Male 0.700 (0.283−1.730) 0.440 1.368 (0.640−2.926) 0.419

Body mass index 1.050 (0.900−1.225) 0.533 1.016 (0.897−1.151) 0.802

Charlson comorbidity  
index 

  3−4 1.000 1.000

  5–7 0.833 (0.325−2.134) 0.703 0.912 (0.438-1.902) 0.807

Pathologic grading

  Poorly differentiated, 
mucinous

1.686 (0.483−5.887) 0.413 1.689 (0.643-4.438) 0.288

  Others 1.000 1.000

pT stage

  pT3 1.000 1.000

  pT4 2.579 (0.980−6.786) 0.055 1.522 (0.451−5.134) 0.498 0.639 (0.290−1.408) 0.267

Tumor location

  Right 1.000 1.000

  Left 1.117 (0.439−2.842) 0.816 1.030 (0.496−2.141) 0.937

Margin <  5 mm 0.808 (0.185−3.540) 0.778 1.162 (0.402−3.359) 0.782

No. of lymph nodes  
retrieved < 12

1.325 (0.407−4.313) 0.640 1.841 (0.767−4.419) 0.172

Lymphatic invasion 3.587 (0.805−15.983) 0.094 1.949 (0.360−10.549) 0.439 1.462 (0.588−3.634) 0.414

Venous invasion 2.550 (1.034−6.289) 0.042* 0.859 (0.223−3.304) 0.825 2.739 (1.335−5.620) 0.006* 2.313 (0.833−6.427) 0.108

Perineural invasion 6.467 (2.215−18.884) 0.001* 4.161 (1.188−14.576) 0.026* 6.807 (2.821−16.427) < 0.001* 4.760 (1.713−13.226) 0.003*

Obstruction 0.680 (0.225−2.052) 0.494 0.693 (0.283−1.699) 0.423

Perforation 1.594 (0.208−12.195) 0.653 0.046 (0.000−89.667) 0.425

Preoperative serum 
CEA level

0.997 (0.978−1.017) 0.759 0.996 (0.980−1.012) 0.593

No. of adverse features

  1–2 1.000 1.000

  3–5 4.627 (1.818−11.777) 0.001* 3.305 (0.799−13.671) 0.099 2.376 (1.159−4.872) 0.018* 1.079 (0.360−3.233) 0.892

Adjuvant chemotherapya 0.435 (0.165−1.145) 0.092 0.317 (0.114−0.882) 0.028* 0.555 (0.261−1.181) 0.127 0.487 (0.221−1.071) 0.074

HR, hazard ratio; CI, confidence interval; pT stage, pathologic T stage; CEA, carcinoembryonic antigen.
aDefined as completion of more than 80% of the planned adjuvant chemotherapy cycle.
*P < 0.05.
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colorectal cancer patients has increased. It has been suggested that 
these patients should not be excluded from adequate treatment 
including surgery and chemotherapy simply because of their age 
[6]. However, recent studies regarding the management of colon 
cancer in the elderly reported that patients at an advanced age 
were less likely to receive AC [7, 8]. Li et al. [9] evaluated the main 
reasons for declined chemotherapy through a chart review and 
telephone questionnaire of 386 stage III colorectal cancer patients 
aged over 70 years. These reasons included uncertainty in the 
benefit of chemotherapy, patients’ trust in traditional Chinese 
medicine, economic difficulty, disease information concealed by 
family members, lack of family support, and poor physical condi-
tion after surgery. The lack of evidence regarding the effectiveness 
of AC in elderly patients prevents doctors from strongly recom-
mending treatment to patients. 

Several studies have investigated the effects of AC on elderly pa-

tients with stage II colorectal cancer, and the results were incon-
sistent. In some studies, AC did not show any improvement in 
disease-free survival or OS in patients with stage II colon cancer 
who were aged over 70 years [10-12]. In contrast, Kim et al. [13] 
analyzed the Korean national data and concluded that AC was as-
sociated with better OS in elderly stage II colon cancer patients. 
Their study had a larger number of subjects than the studies that 
did not demonstrate the effectiveness of AC. The authors also 
performed a subgroup analysis according to the presence of high-
risk features, and the benefits of AC were found to be consistent 
in both low-risk and high-risk groups. The propensity matching 
analysis by Lee et al. [12] showed that high-risk stage II colon can-
cer did not benefit from AC in the elderly population. However, 
differences in the dosage and the cycle of AC were not considered 
in their study. The present study could not demonstrate better 
survival in the AC+ group, which may be due to the relatively 

Fig. 2. Kaplan-Meier curves showed the effect of adjuvant chemotherapy (AC) on elderly stage II high-risk colorectal cancer patients according to 
the number of adverse features. (A) Recurrence-free survival of the patients with 1 or 2 adverse features. (B) Overall survival of the patients with 1 
or 2 adverse features. (C) Recurrence-free survival of the patients with 3 or more adverse features. (D) Overall survival of the patients with 3 or 
more adverse features.
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small number of study subjects.
Some studies have shown a relationship between the number of 

risk factors and survival in stage II high-risk colorectal cancer pa-
tients. These studies have suggested the need for AC in patients 
with multiple risk factors [3, 13, 14]. However, Peng et al. [4] re-
ported that AC did not show a significant improvement in cancer-
specific survival in the stage II high-risk group with 2 or more ad-
verse features. In the present study, the response to AC depended 
on the number of adverse features. The AC+ group with 3 or 

more adverse features showed better RFS and OS than the AC− 
group with 3 or more adverse features. The difference between 
the present study and the study by Peng et al. [4] was that the 
present study was limited to patients over 70 years of age and was 
based on 3 or more risk factors. However, the number of subjects 
was small. The proportion of the AC+ group was higher in pa-
tients with lower CCI; however, the difference was not statistically 
significant. AC remained associated with significantly better RFS 
in the subgroup with 3 or more adverse features and lower CCI. 

Table 3. Subgroup analysis of recurrent free survival and overall survival in the patients with 3 or more adverse features (n = 27)

Variable

Recurrence-free survival Overall survival

Univariate Multivariate Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value  HR (95% CI) P-value  HR (95% CI) P-value

Age 1.003 (0.868−1.160) 0.964 1.125 (1.010−1.254) 0.032* 1.088 (0.980−1.208) 0.113

Sex

  Female 1 1

  Male 0.412 (0.118−1.438) 0.165 1.075 (0.357−3.238) 0.898

Body mass index 1.072 (0.865−1.328) 0.526 1.228 (0.988−1.525) 0.064 1.194 (0.944−1.512) 0.139

Charlson comorbidity 
index 

  3–4 1 1

  5–7 0.534 (0.115−2.476) 0.423 1.881 (0.625−5.667) 0.261

Pathologic grading

  Poorly differentiated, 
mucinous

2.751 (0.576−13.147) 0.205 1.876 (0.411−8.559) 0.417

  Others 1 1

pT stage

  pT3 1 1

  pT4 1.905 (0.490−7.409) 0.352 0.936 (0.320−2.736) 0.903

Tumor location

  Right 1 1

  Left 1.568 (0.455−5.406) 0.476 1.251 (0.431−3.626) 0.680

Margin <  5 mm 0.668 (0.141−3.166) 0.611 1.137 (0.354–3.654) 0.830

No. of lymph nodes  
retrieved < 12

0.708 (0.181−2.768) 0.620 1.615 (0.539–4.839) 0.392

Lymphatic invasion 21.784 
(0.000−13,101,349.717)

0.650 21.874 
(0.000−3,231,279.450)

0.611

Venous invasion 0.666 (0.187−2.370) 0.531 0.833 (0.279−2.493) 0.744

Perineural invasion 2.019 (0.498−8.189) 0.325 2.231 (0.634−7.854) 0.211

Obstruction 0.619 (0.162−2.364) 0.483 0.501 (0.139−1.804) 0.291

Perforation 24.980 (1.562−399.590) 0.023* 12.611 (0.768−207.113) 0.076 0.043 (0.000−424.262) 0.503

Preoperative serum CEA 
level (ng/mL)

0.995 (0.973−1.018) 0.662 0.992 (0.967−1.018) 0.563

Adjuvant  
chemotherapya 

0.207 (0.060−0.717) 0.013* 0.228 (0.064−0.819) 0.023* 0.313 (0.107−0.910) 0.033* 0.535 (0.151−1.891) 0.332

HR, hazard ratio; CI, confidence interval; pT stage, pathologic T stage; CEA, carcinoembryonic antigen.
aDefined as completion of more than 80% of the planned adjuvant chemotherapy cycle.
*P < 0.05.
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The number of patients with 3 or more adverse features and high 
CCI was too small to be analyzed.

A previous study concluded that each risk factor had a different 
degree of impact on survival [3]. In that study, only T4 cancers 
and their combination with other risk factors exhibited survival 
benefit after AC. Sixteen out of 22 patients with 3 or more adverse 
features had T4 tumors in our study. However, the number of 
subjects was not sufficient for comparison. In addition to the ef-
fects of the number of adverse features, more research regarding 
the effects of different types of adverse features is needed.

Recently, several large trials have been conducted to investigate 
the duration of AC for colorectal cancer based on concerns re-
garding oxaliplatin-induced neurotoxicity and the cost of full de-
livery of AC. According to Formica et al. [15], the overall results 
suggested the noninferiority and lower toxicity of the 3-month 
regimen compared to the 6-month regimen despite some limita-
tions. In patients with stage II colorectal cancer, the 3-month 
therapy was associated with substantially worse survival than the 
6-month regimen in one of the trials [16] but did not show worse 
survival compared to the 6-month regimen in another trial [17]. 
In the present study, AC did not show significant differences in 
RFS and OS between the AC− and the AC+ groups when the 
AC+ group was defined as patients who completed more than 
half of the planned cycles. However, when the AC+ group was de-
fined as patients who completed more than 80% of the planned 
cycles, the survival of patients in the AC+ group was significantly 
better than that in patients from the AC− group. However, het-
erogeneity of the chemotherapy regimen was not taken into ac-
count and the number of subjects was relatively insufficient. Thus, 
further studies are needed to validate these results.

The present study has several limitations. It was a retrospective 
study conducted at a single center. We did not compare the sur-
vival rates associated with various chemotherapy regimens due to 
an insufficient number of the AC+ groups. In the AC+ group, 16 
patients received FOLFOX4 (5-fluorouracil + oxaliplatin) treat-
ment, and 30 received oral chemotherapy such as doxifluridine 
[7], tegafur/uracil [17], and capecitabine [6]. In addition, cancer-
specific survival could not be evaluated, as the National Cancer 
Center survival data did not include the cause of death. Neverthe-
less, the present study is one of a few studies focusing on the sur-
vival benefits of AC in elderly patients with stage II high-risk 
colorectal cancer, especially with respect to the number of adverse 
features.

In conclusion, among the elderly patients with stage II high-risk 
colorectal cancer, the AC+ group did not show significantly better 
RFS and OS than the AC− group. However, selected patients with 
3 or more adverse features might benefit from AC.
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