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Abstract. Postoperative carcinoembryonic antigen (post‑CEA) 
has recently been reported to be a reliable prognostic factor for 
colon cancer. However, most clinicians decide whether or not to 
conduct adjuvant chemotherapy (AC) for stage II colon cancer 
according to major guidelines, which do not include post‑CEA 
in their high‑risk criteria. The present study aimed to assess 
post‑CEA in stage II colon cancer for which the significance of 
AC is unknown. The present study analyzed 199 consecutive 
patients with stage II colon cancer who underwent curative 
surgery between January 2007 and December 2016. The CEA 
value was considered high when it was ≥5.0 ng/ml. The prog‑
nostic value of high post‑CEA values was assessed. Overall, 
19 patients exhibited high post‑CEA levels. Kaplan‑Meier 
survival curve analysis demonstrated that patients with high 
post‑CEA levels had significantly worse relapse‑free survival 
(RFS) and overall survival (OS) than those with normal 
post‑CEA [RFS, 63.5 (high post‑CEA) vs. 88.0% (normal 
post‑CEA), P=0.003; OS, 76.5 (high post‑CEA) vs. 96.8% 
(normal post‑CEA), P<0.001]. Multivariate analysis demon‑
strated that high post‑CEA remained a significant independent 
risk factor for worse RFS [hazard ratio (HR), 3.98; P=0.006]. 
The same was also demonstrated for patients without AC (HR, 
5.43; P=0.008). To the best of our knowledge, the present study 
was the first to demonstrate that high post‑CEA levels may be 

an indicator of high‑risk stage II colon cancer, even for patients 
without AC. These results highlight the need for a multicenter 
prospective study.

Introduction

Colon cancer is the third most commonly diagnosed cancer in 
males and the second most commonly diagnosed in females 
worldwide (1). Overall ~75% of patients are diagnosed with 
stage I‑III colon cancer, at which curative resection can be 
performed (2). Although the use of adjuvant chemotherapy 
(AC) in patients with stage III colon cancer is widely recog‑
nized, whether AC is recommended or not for stage II patients 
should be considered on an individual basis (3).

Carcinoembryonic antigen (CEA) is a commonly 
examined low‑cost biomarker for colon cancer  (4‑6). 
Margalit et al  (2) analyzed 45,449 patients with stage  I‑II 
colon cancer and determined that preoperative (pre)‑CEA 
could be a potential prognostic factor. Furthermore, postop‑
erative (post)‑CEA has recently been identified as a reliable 
prognostic factor. Konishi et al (7) reported that post‑CEA, 
and not pre‑CEA, is an important prognostic factor for patients 
with stage  I‑III colon cancer. Auclin  et  al  (8) performed 
a post‑hoc analysis of the Multicenter International Study 
of Oxaliplatin/Fluorouracil/Leucovorin in the Adjuvant 
Treatment of Colon Cancer (MOSAIC) trial, which indicated 
that high post‑CEA is an independent prognostic factor in 
patients with stage II colon cancer. Furthermore this study 
reported that the addition of oxaliplatin to fluorouracil and 
leucovorin as AC is only a benefit to stage II patients with 
a high risk (T4, tumor perforation, or <12 examined lymph 
nodes) and high post‑CEA levels. Patients with <10 ng/ml 
post‑CEA were included in this previous study and all patients 
received AC.

However, AC is usually prescribed for patients with 
stage II colon cancer using the guidelines published by the 
American Society of Clinical Oncology (ASCO), the National 
Comprehensive Cancer Network (NCCN) and the European 
Society of Medical Oncology (ESMO), which do not include 
post‑CEA levels among the high‑risk criteria (3,9‑11). However, 
this may be because, to the best of our knowledge, there are no 
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studies assessing high post‑CEA as an independent risk factor 
of recurrence in patients with stage II colon cancer without 
AC.

Therefore, the aim of the present study was to assess 
post‑CEA in patients with stage II colon cancer for which the 
significance of AC is unknown.

Materials and methods

Study population. The present study included patients with 
stage II primary colon cancer who underwent curative surgery, 
with appropriate lymphadenectomy, at the institute between 
January 2007 and December 2016. Patients with cancer in 
other organs were excluded. All patients provided informed 
consent and patient anonymity was preserved. The present 
study was approved by the ethics committee at the institution 
(Approval number: 15144‑6).

Definitions. Pre‑CEA was defined as the last CEA value 
examined before surgery and post‑CEA was defined as the 
first CEA value examined after surgery. The CEA value was 
considered high when it was ≥5.0 ng/ml, which had previously 
been determined as a cut‑off value (7,12).

Data collection. Clinicopathological and demographic data, 
including sex, age, BMI, pre‑ and post‑CEA values, tumor loca‑
tion, bowel obstructions caused by a tumor, tumor histology, 
pathological T/N stage, and lymphovascular invasion, were 
collected retrospectively. The right side of the colon was 
defined as ascending and transverse, whereas the left side of the 
colon was defined as descending and sigmoid. Furthermore, 
retrospective data were acquired about the surgical procedure 
(laparoscopic or open surgery), the number of harvested lymph 
nodes, postoperative complications (Clavien‑Dindo grade ≥3) 
and AC.

Statistical analysis. Demographic data are presented as the 
absolute count and proportion of patients, the mean ± SD, 
or the median and interquartile range (IQR). An unpaired 
Student's t‑test was used for comparing quantitative 
variables, and Pearson χ2 test or Fisher's exact test was 
used to compare categorical data depending on sample 
size. The association between different factors, including 
pre‑CEA or post‑CEA and 3‑year overall survival (OS) 
or 3‑year relapse‑free survival (RFS), was assessed using 
Kaplan‑Meier survival analysis followed by the log‑rank 
test. Bonferroni correction was used to adjust the P‑values 
for statistical comparison tests among more than two 
groups, including for the statistical comparison of survival 
curves. The RFS was defined as the time between surgery 
and relapse, second colon occurrence, or death, whichever 
occurred first. Patients without relapse, second colon cancer, 
or death were recorded at the last date of their follow‑up. 
The OS was defined as the time between surgery and death 
from any cause. Patients who survived were recorded at the 
last date of their follow‑up. The relationship of demographic, 
clinicopathological, and therapeutic factors to survival was 
assessed using the univariate Cox proportional‑hazards 
model. Risk factors with P<0.05 in univariate analyses and 
certain high‑risk factors reported by ASCO, NCCN, or 

ESMO, were included in the multivariate Cox regression 
model. The factors included in the multivariate analysis were 
determined based on Akaike's Information Criterion (13). 
These data are presented as the hazard ratio (HR) and 95% 
confidence interval (CI). All data analysis was performed 
using JMP Pro 14.1.0 (JMP Statistical Discovery, LLC). 
P‑values were two‑sided. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Patient clinicopathological characteristics. In the present 
study there were 207 patients with stage II primary colon cancer 
who underwent surgery between January 2007 and December 
2016. In total 8  patients with cancer in other organs and 
10 patients who underwent AC were excluded, which resulted 
in 189 patients being analyzed in the present study (Fig. S1). 
The clinicopathological characteristics of all the patients are 
presented in Table I. Moreover, 89.9% of the patients under‑
went laparoscopic surgery, 37.7% of the patients had high 
pre‑CEA levels and 9% had high post‑CEA levels. The median 
(IQR) follow‑up was 5.0 (3.6‑5.6) years. Furthermore, 5% of 
the patients had postoperative complications (Clavien‑Dindo 
grade  ≥3), consisting of seven anastomotic leakages, one 
ureteral stricture, one intraperitoneal hemorrhage and one 
bowel obstruction.

High post‑CEA is associated with a worse prognosis. Patients 
were divided into the following three groups: i)  Normal 
pre‑CEA; ii)  normalized (high pre‑CEA and normal 
post‑CEA); and iii) high post‑CEA. The 3‑year RFS rates of 
these three groups were 85.6, 91.4 and 60.0%, respectively. 
A statistical comparison of the 3‑year RFS of these three 
groups demonstrated that there was no significant difference 
between the 122 patients in the normal pre‑CEA group and the 
59 patients in the normalized group. However, the 3‑year RFS 
of the 18 patients in the high post‑CEA group was significantly 
worse compared with the normal pre‑CEA group (P=0.011) 
and the normalized group (P=0.003) (Fig. 1A). The 3‑year OS 
rates of these groups were 96.7, 94.8 and 77.8%, respectively 
(Fig. 1B). A statistical comparison of the 3‑year OS of these 
three groups demonstrated that there was no significant differ‑
ence between the normal pre‑CEA group and the normalized 
group. However, the OS in the high post‑CEA group was 
significantly worse compared with the high pre‑CEA group 
(P=0.003) and was also markedly worse compared with the 
normalized group (P=0.072). These results indicated that 
post‑CEA levels, not pre‑CEA levels, may be an optimal 
potential prognostic factor for 3‑year RFS and OS of patients 
with stage II colon cancer.

High post‑CEA patients have a worse prognosis compared with 
normal post‑CEA patients. The clinicopathological character‑
istics of high post‑CEA patients and normal post‑CEA patients 
are presented in Table II. The results demonstrated that there 
were no significant differences between these two groups. The 
relationship between post‑CEA status and survival of patients 
with stage II colon cancer was determined using Kaplan‑Meier 
survival curves (Fig. 2). The results demonstrated that patients 
with high post‑CEA levels had significantly worse 3‑year RFS 
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or 3‑year OS compared with patients in the normal post‑CEA 
group (RFS, 60.0 vs. 87.5%, P<0.001; and HR, 77.8 vs. 96.1%, 
P<0.001, respectively).

High post‑CEA levels are an independent risk factor. 
Univariate analysis demonstrated that an age of ≥75 years, pT4 
stage and high post‑CEA levels were significant risk factors 
for RFS (Table III). Multivariate analysis demonstrated that 
high post‑CEA levels remained a significant independent risk 
factor for worse RFS (HR, 4.47; 95% CI, 1.83‑10.96; P=0.001).

Furthermore, univariate analysis revealed that an age 
of ≥75  years, pT4 stage, and high post‑CEA levels were 
significant risk factors for OS (Table SI). Multivariate analysis 
demonstrated that high post‑CEA remained a significant 
independent risk factor for worse OS (HR, 5.62; 95% CI, 
1.62‑19.53; P=0.007).

High post‑CEA levels are an independent risk factor for 
patients without AC. Subsequently the significance of 
post‑CEA as a prognostic factor for patients with stage  II 
colon cancer who did not undergo AC, were assessed. The 
3‑year RFS was determined to be 85.9% and the 3‑year OS 
was 94.1%. Overall 19 patients had high post‑CEA levels. The 
relationship between post‑CEA levels and patient survival 
without AC was determined (Fig. 3). Kaplan‑Meier survival 
curves demonstrated that patients with high post‑CEA levels 
had significantly worse RFS or OS compared with the normal 
post‑CEA group (RFS, 63.5 vs. 88.0%, P=0.003; and OS, 76.5 
vs. 96.8%, P<0.001, respectively).

Univariate analysis revealed that in males, an age of 
≥75 years, pT4 stage, with a number of harvested lymph nodes 
<12 and high post‑CEA levels were significant risk factors for 
RFS (Table IV). Multivariate analysis demonstrated that high 
post‑CEA remained a significant independent risk factor for a 
worse RFS (HR, 3.98; 95% CI, 1.48‑10.70; P=0.006).

Furthermore, univariate analysis revealed that an age of 
≥75 years, pT4 stage, and high post‑CEA levels were signifi‑
cant risk factors for OS (Table SII). Multivariate analysis 
demonstrated that high post‑CEA levels remained a significant 
independent risk factor for a worse OS (HR, 5.43; 95% CI, 
1.55‑18.98; P=0.008).

Discussion

To the best of our knowledge this is the first study that has 
demonstrated that high post‑CEA levels, more than high 
pre‑CEA levels, may be an independent risk factor for patients 
with stage II primary colon cancer who do not undergo AC 
following curative resection. These results strongly suggested 
that high post‑CEA is a potential indicator of AC for stage II 
colon cancer following surgery.

Previous studies have demonstrated that pre‑CEA 
can be a risk factor for the recurrence of stage  II colon 
cancer (2,14). In the present study the 3‑year RFS and OS of 
high pre‑CEA patients were not significantly different from 
those of low pre‑CEA patients when the CEA level normal‑
ized following surgery. However, the 3‑year RFS and OS 
of high post‑CEA patients were significantly worse than 
those of normal post‑CEA patients. This result is consistent 
with a previous report of 1,027 patients with stage  I‑III 

Table  I. Clinicopathological characteristics of patients 
(stage II; n=199).

Characteristics	 Value

Sex, n (%)	
  Female	 94 (47.2)
  Male	 105 (52.8)
Mean age, years (SD)	 67.9 (11.4)
Age, n (%)	
  <75 years	 146 (73.4)
  ≥75 years	 53 (26.6)
Mean body mass index (SD)	 22.3 (3.3)
Tumor location, n (%)	
  Right‑sided colon	 94 (47.2)
  Left‑sided colon	 105 (52.8)
Surgical procedure, n (%)	
  Open	 22 (11.1)
  Laparoscopic	 177 (88.9)
Histology, n (%)	
  tub1, tub2	 179 (89.9)
  por, muc	 20 (10.1)
pT stage, n (%)	
  T3	 190 (95.5)
  T4	 9 (4.5)
Lymphovascular invasion, n (%)	
  Yes	 134 (67.3)
  No	 65 (32.7)
Harvested lymph nodes, n (%)	
  <12	 42 (21.1)
  ≥12	 157 (78.9)
Bowel obstruction, n (%)	
  Yes	 9 (4.5)
  No	 190 (95.5)
Postoperative complications, n (%)	
  Yes	 10 (5.0)
  No	 189 (95.0)
Adjuvant chemotherapy, n (%)	
  Yes	 10 (5.0)
  No	 189 (95.0)
Preoperative CEA, n (%)	
  <5 ng/ml	 124 (62.3)
  ≥5 ng/ml	 75 (37.7)
Postoperative CEA, n (%)	
  <5 ng/ml	 181 (91.0)
  ≥5 ng/ml	 18 (9.0)
Median time between surgery and	 36 (27‑93)
CEA measurement, days (IQR)
Median follow‑up, years (IQR)	 5.0 (3.6‑5.6)

Data are presented as n (%), mean (SD), or median (IQR). tub1, 
well‑differentiated adenocarcinoma; tub2, moderately differentiated 
adenocarcinoma; por, poorly differentiated adenocarcinoma; muc, 
mucinous carcinoma; CEA, carcinoembryonic antigen; IQR, inter‑
quartile range.
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colon cancer, but this previous study did not determine the 
significance of post‑CEA for stage II colon cancer (7). Other 
studies have also demonstrated that post‑CEA is a high‑risk 
factor for stage II colon cancer. Lin et al (15) reported that 
high post‑CEA patients had a worse 5‑year RFS compared 
with normal post‑CEA patients. However, multivariate 
analysis for patients with stage  II colon cancer was not 
performed as part of this previous study. Tsai et al  (12) 

reported that high post‑CEA can be a risk factor for early 
relapse (within 12 months following surgery) in patients 
with stage II colon cancer, but multivariate analysis was 
not performed and 46.1% of the patients underwent AC. As 
previously stated, a post‑hoc analysis of the MOSAIC trial 
demonstrated that patients with high post‑CEA have a 50% 
increased risk of death or recurrence compared with those 
who have low post‑CEA levels determined via multivariate 

Table II. Clinicopathological characteristics of patients in the high and normal post‑CEA groups.

Characteristics	 High post‑CEA (n=18)	 Normal post‑CEA (n=181)	 P‑value

Sex, n (%)			 
  Male	 9 (50.0)	 96 (53.0)	 0.806
  Female	 9 (50.0)	 85 (47.0)	
Age, n (%)			 
  ≥75	 6 (33.3)	 47 (26.0)	 0.500
  <75 years	 12 (66.7)	 134 (74.0)	
Mean body mass index (SD)	 21.3 (3.6)	 22.4 (3.3)	 0.192
Tumor location, n (%)			 
  Right‑sided colon	 9 (50.0)	 85 (47.0)	 0.806
  Left‑sided colon	 9 (50.0)	 96 (53.0)	
Surgical procedure, n (%)			 
  Open	 1 (5.6)	 21 (11.6)	 0.699a

  Laparoscopic	 17 (94.4)	 160 (88.4)	
Histology, n (%)			 
  por, muc	 2 (11.1)	 18 (9.9)	 0.699a

  tub1, tub2	 16 (88.9)	 163 (90.1)	
pT stage, n (%)			 
  T4	 1 (5.6)	 8 (4.4)	 0.582a

  T3	 17 (94.4)	 173 (95.6)	
Lymphovascular invasion, n (%)			 
  Yes	 12 (66.7)	 122 (67.4)	 0.949
  No	 6 (33.3)	 59 (32.6)	
Harvested lymph nodes, n (%)			 
  <12	 2 (11.1)	 40 (22.1)	 0.373a

  ≥12	 16 (88.9)	 141 (77.9)	
Bowel obstruction, n (%)			 
  Yes	 1 (5.6)	 8 (4.4)	 0.582a

  No	 17 (94.4)	 173 (95.6)	
Postoperative complications, n (%)			 
  Yes	 1 (5.6)	 9 (5.0)	 >0.990a

  No	 17 (94.4)	 172 (95.0)	
Adjuvant chemotherapy, n (%)			 
  Yes	 1 (5.6)	 9 (5.0)	 >0.990a

  No	 17 (94.4)	 172 (95.0)	
Median time between surgery and	 28 (22‑131)	 37 (28‑92)	 0.512
CEA measurement, days (IQR)

An unpaired Student's t‑test was used to compare quantitative variables and Pearson χ2 test was used to compare categorical data unless 
otherwise noted. aFisher's exact test. Data are presented as n (%), mean (SD) or median (IQR). tub1, well‑differentiated adenocarcinoma; tub2, 
moderately differentiated adenocarcinoma; por, poorly differentiated adenocarcinoma; muc, mucinous carcinoma; CEA, carcinoembryonic 
antigen; post, postoperative; IQR, interquartile range.
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analysis, although all patients received AC (8). Therefore, to 
the best of our knowledge the present study was the first to 
have demonstrated the significance of high post‑CEA as an 
indicator of AC for stage II colon cancer.

The decision to perform AC should be made cautiously 
because it can cause adverse effects in patients  (16‑18). 
Therefore, it is essential to precisely assess a patients 
risk factors for relapse. Previous studies have reported 

Figure 1. (A) Comparison of disease‑free survival in the normal pre‑CEA group, normalized (high pre‑CEA and normal post‑CEA) group and high post‑CEA 
group. *P=0.011; **P=0.003. (B) Comparison of overall survival in the three groups. *P=0.003. CEA, carcinoembryonic antigen; N.S., not significant; post, 
postoperative; pre, preoperative.

Figure 2. Kaplan‑Meier survival curves for (A) relapse‑free survival and (B) overall survival of patients with high post‑CEA and normal post‑CEA. CEA, 
carcinoembryonic antigen; post, postoperative.

Figure 3. Kaplan‑Meier survival curves for (A) relapse‑free survival and (B) overall survival of patients with high post‑CEA and normal post‑CEA who did 
not undergo adjuvant chemotherapy. CEA, carcinoembryonic antigen; post, postoperative.
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that circulating tumor cells and circulating tumor DNA 
are potential indicators of a high risk of recurrence for 
stage II‑III colorectal cancer (19‑22). However, detection 
of circulating tumor cells and DNA requires special tech‑
niques, equipment and is expensive. Therefore, these tests 
are not yet commonly used to examine patients with colon 
cancer. The CEA value, on the other hand, is commonly 
determined perioperatively and at low cost. Furthermore, 
because CEA half life is reported to be 3‑7 days (23) its levels 
can normalize within a few weeks following complete tumor 
resection. Therefore, if the CEA level does not normalize 
after apparent curative resection this may indicate that there 
are some residual micrometastases. The 3‑year RFS of high 
post‑CEA patients in the present study was worse than that 
in the post hoc analysis of the MOSAIC study, whereby all 

patients underwent AC, and the cutoff CEA value in the 
present study was more severe (high post‑CEA was defined 
as ≥5 ng/ml)  (8). Taken together, these results indicated 
that high post‑CEA levels may be a good indicator for AC 
or more intensive follow‑up treatment than patients with 
normal CEA levels. However, this should be validated by a 
multicenter prospective trial.

In the present study multivariate analyses for patients 
without AC revealed that being male was an independent 
risk factor, which is consistent with previous reports (8,24). 
However, the underlying reason for this remains to be inves‑
tigated. Pathological T4 stage and the number of harvested 
lymph nodes (<12) were also independent risk factors for 
relapse and are well‑known high‑risk stage II indicators as 
suggested by the ASCO, ESMO and NCCN.

Table III. Univariate and multivariate analysis of risk factors for relapse‑free survival (n=199).

	 Univariate analysis	 Multivariate analysis
	------------------------------------------------------------------------	------------------------------------------------------------------------ 
Variables	 Hazard ratio (95% CI)	 P‑value	 Hazard ratio (95% CI)	 P‑value

Sex (male/female)	 1.53 (0.72‑3.23)	 0.269	 1.62 (0.76‑3.44)	 0.212
Age (≥75/<75 years)	 2.14 (1.02‑4.48)	 0.044	 1.82 (0.86‑3.85)	 0.116
Left‑sided/right‑sided	 1.32 (0.63‑2.77)	 0.458		
Obstruction (+/‑)	 1.63 (0.39‑6.86)	 0.505		
Histology (por, muc/tub1, tub2)	 0.66 (0.16‑2.78)	 0.573		
pT stage (T4/T3)	 3.41 (1.03‑11.29)	 0.045	 2.92 (0.87‑9.78)	 0.083
Lymphovascular invasion (+/‑)	 0.95 (0.44‑2.04)	 0.888		
Harvested lymph nodes (<12/≥12)	 1.89 (0.86‑4.16)	 0.112	 2.20 (0.97‑4.98)	 0.059
Surgical procedure (open/laparoscopic)	 1.81 (0.69‑4.74)	 0.228		
Postoperative CEA (≥5/<5 ng/ml)	 3.96 (1.69‑9.29)	 0.001	 4.47 (1.83‑10.96)	 0.001
Adjuvant chemotherapy (+/‑)	 2.34 (0.71‑7.72)	 0.164		

tub1, well differentiated adenocarcinoma; tub2, moderately differentiated adenocarcinoma; por, poorly differentiated adenocarcinoma; muc, 
mucinous carcinoma; CEA, carcinoembryonic antigen.

Table IV. Univariate and multivariate analysis for relapse‑free survival among patients without adjuvant chemotherapy (n=189).

	 Univariate analysis	 Multivariate analysis
	------------------------------------------------------------------------	------------------------------------------------------------------------ 
Variables	 Hazard ratio (95% CI)	 P‑value	 Hazard ratio (95% CI)	 P‑value

Sex (male/female)	 2.09 (0.91‑4.80)	 0.084	 2.45 (1.05‑5.73)	 0.039
Age (≥75/<75 years)	 2.43 (1.13‑5.26)	 0.024	 1.83 (0.82‑4.07)	 0.138
Left‑sided/right‑sided	 1.30 (0.60‑2.84)	 0.504		
Obstruction (+/‑)	 1.74 (0.41‑7.37)	 0.452		
Histology (por, muc/tub1, tub2)	 0.39 (0.05‑2.87)	 0.354		
pT stage (T4/T3)	 7.83 (2.33‑26.38)	 <0.001	 6.10 (1.67‑22.33)	 0.006
Lymphovascular invasion (+/‑)	 1.01 (0.45‑2.27)	 0.979		
Harvested lymph nodes (<12/≥12)	 2.27 (1.01‑5.09)	 0.047	 2.86 (1.22‑6.71)	 0.016
Surgical procedure (open/laparoscopic)	 2.23 (0.84‑5.92)	 0.107		
Postoperative CEA (≥5/<5 ng/ml)	 3.58 (1.44‑8.93)	 0.006	 3.98 (1.48‑10.70)	 0.006

tub1, well differentiated adenocarcinoma; tub2, moderately differentiated adenocarcinoma; por, poorly differentiated adenocarcinoma; muc, 
mucinous carcinoma; CEA, carcinoembryonic antigen.
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The present study has several limitations. First, it is a 
retrospective study conducted in one institute. The sample 
size of 189 patients without AC was considered to be sufficient 
because the minimum sample size was 65 patients, which was 
determined using an α‑error value of 0.05 and statistical power 
of 0.8 (25). Moreover, there were no significant differences 
in clinicopathological characteristics between the high and 
normal post‑CEA groups without any adjustments. Second, 
the interval between surgery and the first CEA examination 
after operation was not controlled. Given that AC should be 
performed within 8 weeks (26,27), post‑CEA levels must be 
examined within 8 weeks after surgery at the latest. As the 
present study included high post‑CEA patients whose CEA 
values were obtained more than 8 weeks following resection, 
there is a possibility that the CEA values were once less than 
5 ng/ml after surgery and later exceeded the cutoff. However, 
it is also possible that the CEA values remained high after 
surgery; the median value of this interval was 36 days, which 
is within 8 weeks. In order to deal with this limitation, a 
well‑designed prospective study should be performed in the 
future. Third, no data was included on smoking history, a factor 
that is associated with higher CEA levels, and other factors 
which can also have an affect, such as gastritis, diverticulitis, 
pancreatitis, liver diseases, diabetes and inflammatory bowel 
disease (28‑30). Therefore, these false‑positive‑CEA‑related 
factors should be considered when using the post‑CEA value 
as a high‑risk indicator. Despite these limitations, the present 
study, to the best of our knowledge, is the first report to analyze 
patients without AC and to demonstrate that the post‑CEA 
value could be a potential indicator of AC for patients with 
stage II colon cancer.

In conclusion, the present study demonstrated the impor‑
tance of high post‑CEA as a prognostic factor for stage II colon 
cancer. Even though it is not included in the major guidelines, 
data from previous multicenter and large‑scale studies support 
these findings. On the basis of the present study, a prospective 
multicenter study with more patients should be performed to 
validate the significance of the post‑CEA value.
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