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Abstract
Aim: To investigate the relationship between the three timepoint perioperative CEA 
(ttpCEA) calculated at three timepoints and recurrence during the perioperative pe-
riod in Stage II and III colorectal cancer (CRC) patients.
Methods: We performed a multi-institutional retrospective analysis of patients with 
Stage II and III CRC who underwent surgery and adjuvant chemotherapy from 2010 
to 2020. Patient data from three facilities were used as training data, and data from 
three other facilities were used as validation data. The primary endpoint was the time 
to recurrence (TTR).
Results: A total of 538 patients were included for the training data. To validate the 
feasibility of ttpCEA, 329 patients were included for the validation data. Training data 
patients were categorized as ttpCEA low (n = 365) and ttpCEA high (n = 173). The 5-y 
TTR was significantly greater in the ttpCEA-low subgroup than in the ttpCEA-high 
subgroup (84.3% vs. 69.6%, respectively; p < 0.001). Validation data patients were cat-
egorized as ttpCEA low (n = 221) and ttpCEA high (n = 108). The 5-y TTR was signifi-
cantly greater in the ttpCEA-low subgroup than in the ttpCEA-high subgroup (82.9% 
vs. 68.7%, respectively; p = 0.003).
Conclusion: The ttpCEA calculated from perioperative CEA levels at different time-
points was a prognostic factor for recurrence in Stage II and III CRC patients who 
underwent adjuvant chemotherapy according to both the training and validation data.
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1  |  INTRODUC TION

Colorectal cancer (CRC) is the third most common cancer in the male 
and female population, just behind prostate cancer, breast cancer, 
and lung cancer, which are the most common cancers in both sexes.1 
Regarding Stage II CRC, multiple guidelines recommend adjuvant 
chemotherapy for patients with high-risk factors. However, these 
guidelines differ slightly in defining high-risk factors, and there is no 
clear unified criterion.2–4 We recently published a prognostic strat-
ification score for Stage II colon cancer patients based on clinico-
pathological factors to overcome this difficulty.5 However, although 
this novel scoring system may be helpful for identifying patients who 
would benefit from adjuvant chemotherapy, it is not useful for pre-
dicting recurrence after adjuvant chemotherapy. Adjuvant chemo-
therapy after curative resection is recommended for patients with 
Stage III CRC. Nevertheless, the 5-y overall survival rate for patients 
with Stage III CRC ranges from 12.9% to 73.7%, and it is controver-
sial whether adjuvant chemotherapy should be administered to all 
patients within this wide range of survival outcomes.6,7 If the prog-
nosis of each patient can be predicted from clinical information that 
can be easily obtained for each patient, follow-up procedures can 
be tailored to the individual patient, leading to early detection of 
recurrence.

Carcinoembryonic antigen (CEA) is a standard serum marker for 
colorectal cancer and is routinely measured for the detection of CRC 
recurrence during follow-up.8–10 The North American guidelines 
suggest that during follow-up, the serum CEA level should be mea-
sured every 3–6 mo, and patients with a CEA level above an absolute 
threshold (5.0 ng/mL according to the American Society of Clinical 
Oncology guidelines) should undergo radiological imaging surveil-
lance.11–13 However, the evidence underpinning these guidelines 
in routine practice is limited.14,15 Moreover, patients with Stage II 
and III CRC have more recurrences than patients with Stage I CRC. 
Therefore, a more accurate predictive factor for recurrence among 
these patients is needed.

While some reports indicate that high preoperative CEA or ele-
vated postoperative CEA is a prognostic factor, other reports suggest 
that preoperative CEA is not a prognostic factor.15–17 Furthermore, 
although there is a slight change in the CEA level during the fol-
low-up period, the majority of patients remain within the normal 
range, and this change might not be useful in a clinical setting. Thus, 
we hypothesized that perioperative changes in CEA levels might be 
more useful for accurately predicting recurrence. The purpose of 
this study was to investigate the relationship between the risk score 
calculated by the serum CEA concentration during the perioperative 
period and recurrence after adjuvant chemotherapy in Stage II and 
III CRC patients.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

We conducted a retrospective, multi-institutional analysis of pa-
tients with pathological Stage II or III CRC who underwent primary 
tumor resection and received adjuvant chemotherapy from January 
2010 to December 2020. Patient data from three different institu-
tions, each with at least two colorectal surgeons, were selected and 
used as the training data. Data from the remaining three institutions, 
each with only one colorectal surgeon, were used for the validation 
data. The inclusion criteria were as follows: (1) adult patients (>18 y 
old); and (2) patients with histologically confirmed Stage II and III 
CRC. The exclusion criteria were as follows: (i) had recurrence be-
fore 6 mo after surgery; (ii) had less than 6 mo of follow-up; and (iii) 
had undergone neoadjuvant chemotherapy. A total of 538 patients 
were included in the training cohort, and 329 patients were included 
in the validation cohort (Figure  1A,B). This study was approved 
by the Ethics Committees of all the included institutions and was 
conducted in accordance with the Helsinki Declaration of 1996 (ap-
proval number: 20211148).

F I G U R E  1  (A) Consort diagram of this study. (B) Cutoff value of the ttpCEA level according to the CART analysis.
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2.2  |  Study endpoints

The primary endpoint was time to recurrence (TTR), defined as the 
postoperative length of time during which the patient survived with-
out any evidence of cancer recurrence as identified by imaging stud-
ies (computed tomography [CT], ultrasonography, magnetic resonance 
imaging, and positron emission tomography) or histological examina-
tion of biopsy specimens. Tumor recurrence was categorized as local 
recurrence (at the site of anastomosis or pelvis), peritoneal dissemina-
tion, or distant metastasis (liver, lung, or distant lymph nodes).

2.3  |  Calculation method of the risk calculator

We calculated the three timepoint perioperative CEA (ttpCEA) by 
applying the following logistic regression equation according to risk 
scoring systems. This formula was previously used to calculate the 
predicted prognosis in gastrointestinal cancer.5,18

The values of each coefficient were retrospectively measured at 
each timepoint based on the presence or absence of recurrence 3 y 
after surgery (Table S1).

2.4  |  Statistical analysis

Continuous variables are presented as the mean ± standard deviation 
(SD) and were analyzed using a t-test. Categorical variables were com-
pared using the chi-squared test. The TTR rates were estimated by the 
Kaplan–Meier method, and the differences in survival between the 
two groups were assessed with the log-rank test. A Cox proportional 
hazards model was used to quantify the prognostic impact of individ-
ual covariates, and hazard ratios (HRs) and confidence intervals (CIs) 
were calculated. Covariates with p values <0.05 in the univariate Cox 
models were included in further multivariate Cox models.

Classification and Regression Tree (CART) analysis was used to 
determine the cutoff values of the ttpCEA for TTR.19 This cutoff 
value was used to predict patient prognosis by applying the statisti-
cal software R v. 4.2.1 (R Foundation Statistical Computing, Vienna, 
Austria). The statistical data were generated using the Stata 12 soft-
ware program (StataCorp, College Station, TX, USA).

3  |  RESULTS

3.1  |  Patient characteristics: Training data

A total of 538 patients were enrolled in the training cohort 
(Figure  1A). Patients were assigned to two groups according to 
a ttpCEA cutoff value of 16.486 as calculated by survival analysis 

(Figure 1B). The patient characteristics of the two classified groups 
are detailed in Table  1, and Table  S2 shows the demographic and 
oncological characteristics of all patients in the training and valida-
tion cohorts. Additionally, Table S3 shows the number of patients 
with high CEA values at 3 and 6 mo postoperatively. Of the 538 
patients, 365 (67.8%) were in the ttpCEA-high subgroup, and 173 

ttpCEA =
[

a∕(1 + a)
]

× 100

Where a=exp.
[

−1.99830+0.00396×(Preoperative CEA value)+0.02081

×(CEA value at 3mo after surgery)+0.07910×(CEA value at 6mo after surgery)
]

TA B L E  1  Patient characteristics (training data).

Low ttpCEA 
n = 365

High ttpCEA 
n = 173 p Value

Age 64.6 ± 10.9 67.5 ± 10.7 0.004

Sex: Female 183 (50%) 71 (41%) 0.048

Location

Right 121 (33%) 75 (43%) 0.028

Left 160 (44%) 72 (42%)

Rectum 84 (23%) 26 (15%)

Operation time 
(min)

281.4 ± 108.4 283.7 ± 111.6 0.818

Blood loss (mL) 174.1 ± 543.8 163.8 ± 352.0 0.820

Complication+ 110 (30%) 54 (31%) 0.800

Tumor histology: 
por, sig, muc

27 (7%) 11 (6%) 0.660

Tumor depth

T1, 2 54 (15%) 19 (11%) 0.090

T3 244 (67%) 109 (63%)

T4 67 (18%) 45 (26%)

Lymphatic 
invasion+

251 (69%) 129 (75%) 0.168

Venous invasion+ 279 (76%) 138 (80%) 0.387

N1 189 (52%) 88 (51%) 0.808

N2 67 (18%) 29 (17%)

II 109 (30%) 56 (32%) 0.556

III 256 (70%) 117 (68%)

Preoperative CEA 
>5

86 (24%) 95 (55%) <0.001

Chemotherapy regimen

Oral 5-FU 294 (81%) 135 (78%) 0.498

Oxaliplatin 71 (19%) 38 (22%)

Postoperative 
CEA >5

2 (0.5%) 81 (47%) <0.001

Follow-up month 51.9 ± 24.6 49.9 ± 26.1 0.381

Recurrence+ 50 (14%) 46 (27%) <0.001

Death+ 21 (6%) 19 (11%) 0.031

Facility

A 164 (45%) 77 (45%) 0.465

B 126 (35%) 53 (31%)

C 75 (21%) 43 (25%)

Note: The values are presented as the mean ± standard deviation or 
number of patients (%).
Abbreviations: CEA, carcinoembryonic antigen; muc, mucinous 
adenocarcinoma; por, poorly differentiated adenocarcinoma; sig, signet 
ring cell adenocarcinoma.
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(32.2%) were in the ttpCEA low subgroup. Significant differences 
were observed in age, sex, tumor location, preoperative CEA level, 
postoperative CEA level, and recurrence.

3.2  |  Time to recurrence: Training data

The 5-y TTR was significantly greater in the ttpCEA-low subgroup 
than in the ttpCEA-high subgroup (84.3% vs. 69.6%, respectively; 
p < 0.001; Figure 2A). Univariate analysis revealed that tumor locali-
zation, tumor depth, lymph node metastasis, lymphatic invasion, and 
high ttpCEA significantly increased the risk of recurrence. Moreover, 
multivariate analysis revealed that high ttpCEA was an independent 
prognostic factor for TTR [HR 2.38, 95% CI 1.58–3.59; p < 0.001; 
Table 2). According to the subgroup analysis of patients with normal 
CEA at both 3 and 6 mo postoperatively, the 5-y TTR was signifi-
cantly greater in the ttpCEA-low subgroup compared to the ttpCEA-
high subgroup (84.5% vs. 67.6%, respectively; p < 0.001; Figure 2B). 
Univariate analysis revealed that tumor localization, tumor depth, 
lymph node metastasis, and high ttpCEA significantly increased the 
risk of recurrence. Moreover, multivariate analysis revealed that high 
ttpCEA was an independent prognostic factor for TTR ( HR 2.35, 
95% CI 1.45–3.80, p < 0.001; Table 3).

Furthermore, ttpCEA consistently showed the highest time-
dependent area under the curve (AUC) compared to preoperative 
CEA and CEA levels at 3 and 6 mo postoperatively (Figure  S1). 
Differences in recurrence sites are shown in Table  S4, where the 
number of patients with peritoneal dissemination was significantly 
higher in the ttpCEA-high group. Kaplan–Meier curves by recur-
rence site are presented in Figure  S2. Although the ttpCEA-high 
group showed no significant difference in recurrence rates for liver 
metastases and local recurrences compared to the ttpCEA-low 
group, it demonstrated significantly higher rates of lung metastases 
and peritoneal dissemination recurrences.

3.3  |  Patient characteristics and time to 
recurrence: Validation data

A total of 329 patients were included for validation data 
(Figure 1A). The patient characteristics of the patients included in 
the validation cohort are detailed in Table 4, and Table S2 shows 
the demographic and oncological characteristics of all patients 
in the training and validation cohorts. Additionally, the number 
of patients with elevated CEA values at 3 and 6 mo postopera-
tively is provided in Table  S5. Of the 329 patients, 221 (67.2%) 

F I G U R E  2  (A) K–M survival curves of TTR from the training cohort. 5-y TTR rate in ttpCEA-high patients was significantly lower 
than that in ttpCEA-low patients (p < 0.001). (B) K–M survival curves of TTR from the training cohort in normal CEA at both 3 and 6 mo 
postoperatively group. 5-y TTR rate in ttpCEA-high patients was significantly lower than that in ttpCEA-low patients (p < 0.001). (C) 
K–M survival curves of TTR from the validation cohort. The 5-y TTR rate in the ttpCEA-high subgroup was significantly lower than that 
in the ttpCEA-low subgroup (p = 0.003). (D) K–M survival curves of the TTR of the validation cohort in normal CEA at both 3 and 6 mo 
postoperatively group. 5-y TTR rate in the ttpCEA-high subgroup was significantly lower than that in the ttpCEA-low subgroup (p = 0.041).
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were classified as ttpCEA-low, and 108 (32.8%) were classified 
as ttpCEA-high. Significant differences were observed in preop-
erative CEA levels, postoperative CEA levels, recurrence rate, 
and mortality rate. The 5-y TTR was significantly greater in the 
ttpCEA-low subgroup than in the ttpCEA-high subgroup (82.9% 
vs. 68.7%, respectively; p = 0.003; Figure  2C). According to the 
subgroup analysis of patients with normal CEA levels at both 3 
and 6 mo postoperatively, the 5-y TTR was significantly longer in 
the ttpCEA-low subgroup compared to the ttpCEA-high subgroup 
(83.2% vs. 69.7%, respectively; p = 0.041; Figure 2D). The differ-
ences in recurrence sites are detailed in Table S6, where the num-
ber of patients with liver metastases and peritoneal dissemination 
was significantly higher in the ttpCEA-high group. Kaplan–Meier 
curves by organ of recurrence are shown in Supplemental Figure 3. 
While there was no significant difference in recurrence rates for 
lung metastases and local recurrences between the ttpCEA-high 
and ttpCEA-low groups, the ttpCEA-high group exhibited signifi-
cantly higher rates of liver metastases and peritoneal dissemina-
tion recurrences. Compared to the training data, although there 
was a trend observed in both liver and lung metastases, the results 
for these recurrence sites were not consistent. On the other hand, 

ttpCEA was consistently effective in predicting peritoneal dissem-
ination across both datasets, suggesting that ttpCEA may be par-
ticularly useful in forecasting peritoneal dissemination recurrence.

4  |  DISCUSSION

In this study we investigated the correlation between the ttpCEA 
level calculated at various perioperative timepoints and oncological 
outcomes in Stage II and III CRC patients who underwent adjuvant 
chemotherapy. For these patients, a high ttpCEA level was identi-
fied as an independent poor prognostic factor for TTR in both the 
training and validation datasets, even when the postoperative CEA 
level was normal. Similar findings were observed in the validation 
cohort, indicating that the ttpCEA level may be a universally effec-
tive predictive factor.

We were able to compare and validate the data in two differ-
ent datasets. As shown in Table S2, the patient backgrounds in the 
training and validation cohorts were significantly different for sev-
eral factors. As mentioned in the Methods section, training data 
were extracted from institutions with more than two colorectal 

Factors

Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value

Age 1.00 0.98–1.01 0.709

Sex: Female 0.95 0.64–1.42 0.818

Location

Right Ref Ref

Left 1.37 0.84–2.22 0.207 1.58 0.97–2.57 0.067

Rectum 1.98 1.17–3.36 0.011 3.21 1.84–5.60 <0.001

Tumor differentiation: 
por, sig, muc

1.02 0.47–2.21 0.951

Tumor depth

T1-2 Ref Ref

T3 3.26 1.18–9.00 0.023 4.33 1.56–12.05 0.005

T4 7.92 2.82–22.23 <0.001 13.00 4.50–37.55 <0.001

Lymph node metastasis

N0 Ref Ref

N1 2.34 1.32–4.14 0.003 3.03 1.69–5.42 <0.001

N2 3.30 1.74–6.27 <0.001 3.44 1.72–6.89 <0.001

Lymphatic invasion+ 1.88 1.13–3.14 0.016 1.65 0.98–2.80 0.061

Venous invasion+ 1.13 0.69–1.85 0.623

Complication+ 0.83 0.53–1.29 0.410

Chemotherapy 
regimen: Oxaliplatin

1.70 1.08–2.67 0.022 1.00 0.60–1.67 0.997

Preoperative CEA: >5 1.45 0.96–2.18 0.074

Postoperative CEA >5 1.61 0.98–2.63 0.059

ttpCEA: High 2.16 1.45–3.22 <0.001 2.38 1.58–3.59 <0.001

Abbreviations: CEA, carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio; muc, 
mucinous adenocarcinoma; por, poorly differentiated adenocarcinoma; por, poorly differentiated; 
sig, signet ring cell adenocarcinoma; sig, signet ring cell carcinoma.

TA B L E  2  Univariate and multivariate 
Cox proportional hazards model analysis 
for the TTR (training data).
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surgeons. It is possible that the patients in the training dataset un-
derwent extensive surgery compared with those in the validation 
dataset, resulting in differences in several factors. However, de-
spite the differences in many factors between the two groups, a 
high ttpCEA level was an independent prognostic factor for poor 
TTR in both the training and validation cohorts. Notably, similar 
results were obtained for the ttpCEA levels in two datasets from 
different hospitals with different numbers of colorectal surgeons, 
although some reports have suggested that patient prognosis var-
ies with hospital size or number of surgeons.20,21 Taken together, 
the results of this study suggest that the ttpCEA level may be use-
ful for identifying patients at high risk for recurrence in patients in 
various kinds of hospitals.

CEA measurement is recognized as an easy noninvasive test, and 
the results of the present study suggested that it is potentially useful 
for predicting the recurrence of Stage II/III CRC. Guidelines from the 
Japanese Society for Cancer of the Colon and Rectum (JSCCR) rec-
ommend regular blood tests, including the measurement of CEA and 
CA 19–9, every 3 mo after surgery.22 Similarly, guidelines from the 
American Society of Clinical Oncology (ASCO)23 and the European 
Society for Medical Oncology (ESMO)3 suggest CEA measurement 
every 3 mo for 3 y. However, a significant percentage (63%–73%) 
of patients with advanced cancer still have normal CEA levels.24 In 
contrast, the ttpCEA level can be easily calculated from the CEA 

level at three different timepoints. ttpCEA not only is superior for 
identifying patients with poor prognosis, but also overcomes the 
limitation of postoperative CEA values by identifying patients with 
poor prognosis, even if their postoperative CEA values are normal. 
In fact, when comparing the time-dependent AUC of ttpCEA to that 
of preoperative and postoperative CEA values (at 3 and 6 mo), ttp-
CEA consistently shows higher predictive accuracy, indicating it is a 
better predictor of recurrence. Considering all the facts above, the 
advantage of our new biomarker is its compatibility with the stan-
dard treatment protocols outlined in these guidelines, which allows 
for comprehensive data collection of CEA levels. It is important to 
emphasize that there is no need to deviate from current clinical prac-
tices as detailed in the existing guidelines, and ttpCEA can seam-
lessly integrate into routine clinical use.

We used three timepoints instead of two because we hypothe-
sized that the effects of adjuvant chemotherapy would influence the 
results. Furthermore, the majority of patients relapse within 6 mo 
to 1 y after surgery (training data: 43% of all recurrences, valida-
tion data: 37% of all recurrences). Therefore, it is crucial to predict 
recurrence after postoperative treatment, as waiting until beyond 
6 mo may be too late for effective prediction. Thus, we believe it is 
essential to be able to predict recurrence at 6 mo postoperatively. 
Moreover, the novelty of this study lies in our inclusion of multi-
ple timepoints, which can be affected by postoperative treatment, 

Factors

Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value

Age 1.00 0.98–1.02 0.640

Sex: Female 1.05 0.67–1.65 0.830

Location

Right Ref Ref

Left 1.64 0.92–2.93 0.096 1.73 0.96–3.09 0.067

Rectum 2.48 1.34–4.60 0.004 3.70 1.94–7.04 <0.001

Tumor differentiation: 
por, sig, muc

1.05 0.46–2.43 0.902

Tumor depth

T1-2 Ref Ref

T3 3.66 1.13–11.82 0.030 5.27 1.62–17.08 0.006

T4 9.31 2.84–30.47 <0.001 16.52 4.91–55.54 <0.001

Lymph node metastasis

N0 Ref Ref

N1 2.36 1.22–4.56 0.011 3.51 1.80–6.87 <0.001

N2 3.36 1.61–7.01 0.001 3.83 1.83–8.03 <0.001

Lymphatic invasion+ 1.53 0.89–2.62 0.123

Venous invasion+ 1.17 0.67–2.02 0.586

Complication+ 0.81 0.49–1.34 0.408

ttpCEA: High 2.40 1.50–3.84 <0.001 2.35 1.45–3.80 <0.001

Abbreviations: CEA, carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio; muc, 
mucinous adenocarcinoma; muc, mucinous adenocarcinoma; por, poorly differentiated; sig, signet 
ring cell adenocarcinoma; sig, signet ring cell carcinoma.

TA B L E  3  Univariate and multivariate 
Cox proportional hazards model analysis 
for TTR in normal CEA at both 3 and 6 mo 
postoperatively group (training data).
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to create a new predictive score. For these reasons, we believe our 
method is suitable and feasible for clinical practice.

In postoperative surveillance, a chest and abdomen CT scan 
is recommended every 6 mo after surgery for detection of recur-
rence.22 However, there is a risk of carcinogenesis from exposure 
to radiation from the CT scan.25,26 It is important to balance the risk 

of exposure to radiation from CT scans with the benefit of detect-
ing recurrence with such scans.25 The recommendation of CT scans 
every 6 mo was calculated based on the patient's status. Considering 
the results of this study, it is possible that the ttpCEA level might 
be useful for identifying patients who need frequent CT scans. For 
example, the frequency of CT scans can be reduced to once a year 
for patients with low ttpCEA levels due to the low risk of recurrence. 
In addition, compared with CT scans, CEA measurements are less 
expensive,27 and reducing the frequency of CT scans might also be 
useful from a cost perspective for patients whose ttpCEA concen-
trations are low.

Recently, circulating tumor DNA (ctDNA) has demonstrated 
promising results for monitoring several types of cancers, such as 
lung cancer and esophageal squamous cell carcinoma.28,29 In terms 
of CRC, ctDNA analysis can potentially change the postoperative 
management of CRC patients by enabling risk stratification, adju-
vant chemotherapy monitoring, and early relapse detection.30–32 
However, ctDNA measurements are still in the clinical research 
phase and are unavailable to all patients because of cost or infra-
structure issues. Therefore, the use of the ttpCEA level might be a 
useful and cost-effective method for identifying patients at high risk 
of recurrence. Furthermore, the use of the ttpCEA could be effec-
tive in identifying patients who need ctDNA evaluation for further 
treatment.

There are several limitations in this study. First, this was a retro-
spective study that potentially included several biases, such as selec-
tion bias. Second, patients who experienced recurrence before 6 mo 
after surgery were not included in this study; therefore, the ttpCEA 
level may not be predictive of early recurrence, i.e., within 6 mo after 
surgery. Third, we did not control for tobacco use, a known factor 
that raises CEA levels, as this factor is difficult to ascertain from pa-
tients. Similarly, we did not control for other factors that can lead to 
false-positive CEA elevation, such as gastritis, peptic ulcer disease, 
diverticulitis, liver disease, chronic obstructive pulmonary disease, 
diabetes, or acute or chronic inflammatory conditions. Finally, since 
this is a multi-institutional study, there may be inconsistencies in 
the methods of measuring CEA. To address these limitations, a pro-
spective study should be conducted. We believe that the results of 
the present study should be validated in future prospective studies 
that include a larger number of patients and consider new treatment 
strategies.

In conclusion, the ttpCEA concentration calculated from periop-
erative levels at different timepoints was a prognostic factor for re-
currence in Stage II and III CRC patients who underwent adjuvant 
chemotherapy even when the postoperative CEA concentration was 
normal.
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TA B L E  4  Patient characteristics (validation data).

Low ttpCEA 
n = 221

High ttpCEA 
n = 108 p Value

Age 65.0 ± 10.8 66.8 ± 9.1 0.150

Sex: Female 96 (43%) 58 (54%) 0.080

Location

Right 75 (34%) 46 (42%) 0.188

Left 82 (37%) 30 (28%)

Rectum 64 (29%) 32 (30%)

Operation time 
(min)

260.0 ± 107.0 258.6 ± 104.4 0.909

Blood loss (mL) 179.3 ± 389.2 232.3 ± 453.2 0.273

Complication+ 38 (17%) 20 (19%) 0.767

Tumor histology: 
por, sig, muc

14 (6%) 13 (12%) 0.077

Tumor depth

T1, 2 29 (13%) 9 (8%) 0.152

T3 147 (67%) 68 (63%)

T4 45 (20%) 31 (29%)

Lymphatic 
invasion+

161 (73%) 87 (81%) 0.128

Venous invasion+ 186 (84%) 93 (86%) 0.644

Lymph node metastasis

N1 126 (57%) 52 (48%) 0.317

N2 36 (16%) 21 (19%)

pStage

II 59 (27%) 35 (32%) 0.282

III 162 (73%) 73 (68%)

Preoperative CEA 
>5

63 (29%) 69 (64%) <0.001

Postoperative 
CEA >5

3 (1%) 55 (51%) <0.001

Follow-up month 63.9 ± 31.3 61.1 ± 28.0 0.428

Recurrence+ 36 (16%) 32 (30%) 0.005

Death+ 15 (7%) 23 (21%) <0.001

Facility

A 83 (38%) 38 (35%) 0.896

B 77 (35%) 38 (35%)

C 61 (28%) 32 (30%)

Note: The values are presented as the mean ± standard deviation or 
number of patients (%).
Abbreviations: CEA, carcinoembryonic antigen; muc, mucinous 
adenocarcinoma; por, poorly differentiated adenocarcinoma; sig, signet 
ring cell adenocarcinoma.
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