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Purpose: Based on a multi-centered and a large sample size, this study aims to analyze the 
relationship between preoperative and postoperative serum CEA and recurrence of rectal 
cancer without preoperative therapy.
Methods: This retrospective cohort study enrolled stage I to III rectal cancer patients without 
preoperative therapy (N = 1,022) who received radical resection of rectal cancer from 2 hospitals 
in China. Based on the preoperative and postoperative serum carcinoembryonic antigen, the 
patients were subdivided into 3 groups ie, normal preoperative CEA (≤5.0 ng/mL, N = 627), 
elevated preoperative (>5.0 ng/mL) but normalized postoperative CEA (normalized postopera-
tive CEA, N = 255), as well as elevated preoperative and postoperative CEA (elevated post-
operative CEA, N = 67). The generalized additive model was used to assess the relationship 
between carcinoembryonic antigen and the risk of recurrence. Further, the Cox regression model 
was used to evaluate the relationship between carcinoembryonic antigen and 3-year recurrence- 
free survival (RFS) after adjusting for potential confounders.
Results: The 3-year RFS of patients with elevated postoperative CEA was 45.8% (95% CI, 35.2% 
−59.5%), which was significantly lower compared to the other two groups of patients (normalized 
postoperative CEA: 75.9%, 95% CI, 70.8%-81.4%; and normal preoperative CEA: 84.9%, 95% CI, 
82.2%-87.8%) (P <0.001). Based on multivariable Cox model analysis, the elevated postoperative 
CEA was a prognostic factor for 3 years RFS (hazard ratio [HR], 3.08; 95% CI, 2.05–4.66; 
P<0.001). At the same time, normalized postoperative CEA was insignificantly correlated with 
3-year RFS (HR, 1.38; 95% CI, 1.00–1.92; P = 0.05) and was not an independent risk factor.
Conclusion: We found that preoperative and postoperative serum CEA of rectal cancer 
patients were related to the 3-year recurrence-free survival rate. Moreover, the risk of 
recurrence in the normalized postoperative CEA group of patients was insignificantly 
different from that of the normalized preoperative CEA patients. Therefore, it is necessary 
to combine preoperative and postoperative CEA to predict the prognosis of patients with 
rectal cancer, rather than using it alone.
Keywords: preoperative and postoperative serum CEA, rectal cancer, RFS

Introduction
In the past decade, the incidence and mortality rates of colorectal cancer have been 
surging and proved to be an increasingly heavy health burden in China.1 Notably, 
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early diagnosis and multiple treatments improve the survi-
val rate of colorectal cancer.2 A standard therapy for color-
ectal cancer, whether in using adjuvant chemotherapy or 
not after surgery, depends on the stage of the tumor.3,4 

Nonetheless, TNM staging does not provide complete 
prognostic information. Besides, in similar tumor staging 
of patients, clinical results might exhibit significant 
differences.5 Therefore, there is a desperate and urgent 
need for a novel prognostic indicator to assess the risks 
of rectal cancer recurrence and develop an individualized 
treatment therapies, including intensive local or systemic 
therapy for patients with high recovery rates.

Carcinoembryonic antigen (CEA) is the most widely 
used tumor marker in colorectal cancer.6 The National 
Comprehensive Cancer Network proposes measuring 
CEA, a marker of rectal cancer, before the operation of 
patients with non-metastatic colorectal cancer.3,4,7 Its 
guidelines recommend the measurement of CEA before 
the operation of patients diagnosed with colon cancer.3,7 

Notably, an increase of CEA before surgery and normal-
ization after the surgery does not mean a poor prognosis 
for colon cancer. Of note, patients with increased post-
operative CEA are under a significantly higher risk of 
metastasis and recurrence of colon cancer, particularly in 
the first year post-surgery.5 Thus, carcinoembryonic anti-
gen has been used in the diagnosis of colon cancer before 
and after surgery as well as a prognostic biomarker. 
Analysis using the statewide cancer registry shows that 
the preoperative CEA level predicts the survival and prog-
nosis of patients with colorectal cancer, which is unrelated 
to the stage of the tumor at diagnosis.8 In contrast with the 
pathological staging of the specimen, CEA measurement 
before surgery is a useful prognostic tool for colorectal 
cancer.9 An analysis of 145 patients with colorectal cancer 
was performed to investigate the correlation between 
plasma CEA levels before surgery with the times and 
sites of disease recurrence. Notably, CEA is a significant 
factor for stratification after Dukes/Kirklin C resection.10 

For colorectal cancer, CEA measurement before surgery is 
recommended if it helps in staging and surgical planning. 
It should be measured at intervals of every 3 months for at 
least 3 years if the patient exhibits a higher risk of recur-
rence and metastasis after surgery. CEA is by far the 
preferred tumor marker for monitoring systemic response 
to metastatic disease.7 After a standard adjuvant therapy, 
low-level postoperative CEA suggested better survival 
outcomes for stage II colon cancer patients.11 Regardless 
of the baseline in CEA secretion status, Pet-ct scanning is 

a valuable method for detecting the recurrence of CRC 
patients with elevated CEA levels during follow-up. The 
possibility of recurrence is proportional to the value of 
increased CEA levels.12 Abnormally elevated postopera-
tive and preoperative CEA indicators were independent 
predictors of survival and recurrence, respectively. They 
help in postoperative monitoring or cancer prognosis in 
patients diagnosed with colorectal cancer (CRC).13

Therefore, the impact of preoperative and postoperative 
CEA on the clinical outcome remains unclear in rectal cancer. 
As such, we analyzed the correlation between the combination 
of preoperative and postoperative CEA as well as the recur-
rence and metastasis in a large, multi-centered, stage I–III 
rectal cancer patients cohorts in China. Moreover, a long- 
term follow-up of the patients was conducted.

Methods
This study was reviewed and approved by the Institutional 
Review Board of Yunnan Cancer Hospital and the Sixth 
Hospital of Sun Yat-Sen University. Due to the retrospec-
tive nature of this research, there was no requirement for 
informed consent from the patients. The data of the 
patients in the survey was kept confidential. This research 
was complied with the Declaration of Helsinki.

Patients
Between January 2010 and July 2016, a retrospective ana-
lysis of 1,022 patients with stage I to III rectal cancer 
pathologically diagnosed was conducted in Yunnan 
Cancer Hospital and the Sixth Affiliated Hospital of Sun 
Yat-Sen University. Among them, 73 cases of postopera-
tive CEA were missing. Figure 1 shows the experimental 
design flow chart of this study, as well as the inclusion and 
exclusion criteria of patients.

Definition and Grouping of Preoperative 
and Postoperative Serum 
Carcinoembryonic Antigen
The standard definition of preoperative CEA is the baseline 
CEA value of the most recent test before surgery, while post-
operative CEA is the first detection value closest to the time of 
operation or the final CEA value before starting adjuvant 
chemotherapy. If the CEA test value for more than 12 weeks 
is missing, the study will not be conducted. Based on the status 
of CEA, patients were subdivided into the following cate-
gories; (1) patients with preoperative normal CEA (preopera-
tive normal group); (2) patients with elevated CEA before 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2021:13 2644

Pu et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


surgery but normalized postoperative group of CEA 
(Normalized postoperative CEA); (3) patients with elevated 
CEA levels of preoperative and postoperative (elevated post-
operative group). All CEA measurements were made by use of 
a chemiluminescence immunoassay using the COBAS 800 
e602 immunoassay analyzer (Roche Diagnostics, Tokyo, 
Japan) at Yunnan Cancer Hospital, and Alinity 
i immunoassay analyzer (Abbott Diagnostics, Chicago, USA) 
at the Sixth Affiliated Hospital of Sun Yat-sen University, 
following World Health Organization standard methods 
(code 73/601).14 The reference range of CEA was between 
0.0 and 5.0 ng/mL. The value higher than 5.0 ng/mL was 
considered an increase in CEA value, whereas the value less 
than 5.0 ng/mL was considered normal.

Adjuvant Chemotherapy Protocol
Partial patient with stage II–III CRC received the adjuvant 
chemotherapy according to the National Comprehensive 

Cancer Network (NCCN) clinical practice guidelines in 
the CRC.3,4 Adjuvant chemotherapy protocol included 
FOLFOX, CapeOX, Capecitabine, or 5-FU/leucovorin.15

Surveillance Protocol
The clinical evaluation of the patient included serum CEA 
detection level, physical examination, imaging examina-
tion (CT/MRI), and colonoscopy biopsy. The CEA level 
was measured at intervals of 3 to 6 months in 3 years. 
Imaging examinations were performed at least every 12 
months and at least 3 years, including the chest of the 
patient, abdomen, and pelvis plain scan as well as contrast 
enhancement. Colonoscopy was conducted once a year 
after the operation and repeated at intervals of every 3 
years. A shorter monitoring time for late adenoma recur-
rence was revealed. All cases of recurrence and metastasis 
were confirmed by colonoscopy, pathological tissue exam-
ination, or imaging examination.

1487 cases of patients with stage I-III rectal cancer diagnosed in 
Yunnan Provincial Cancer Hospital and the Sixth Affiliated

Hospital of Sun Yat-sen University during 2010-2016

Excluding 465 patients:
(1) 12 patients with second primary cancer, including 
1 case of prostate cancer, 3 cases of breast cancer, 5 
cases of thyroid, and 3 cases of bladder cancer;
(2) 34 patients with double primary colorectal cancer,
including simultaneity and metachronism;
(3) 3 patients with primary colorectal cancer;
(4) 416 patients with neoadjuvant therapy;

1022 patients with stage I-IlI rectal cancer
with preoperative CEA data

627 Patients with normal
preoperative CEA

395 Patients with elevated
preoperative CEA

73 Patients without
postoperative CEA available

67 Patients with elevated
postoperative CEA

255 Patients with normalized
postoperative CEA

Figure 1 Study flow chart.
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Outcomes
This study combined the levels of preoperative and post-
operative CEA to predict and evaluate the possibility and 
value of disease recurrence in rectal cancer patients sub-
jected to radical surgery. Notably, the recurrence-free survi-
val time refers to the duration between surgery and 
recurrence, metastasis, as well as the death of the patient. 
If the patient is lost to follow-up, the recurrence-free survival 
time will be calculated based on the last follow-up date. 
Each enrolled patient was completely followed up for 3 
years, while those less than 3 years were not enrolled in 
the study. In total, 1,022 patients were followed up for more 
than 3 years and met the enrolment requirements, out of 
which 224 had recurrence and metastasis, with a recurrence 
rate of 21.92%. The median follow-up was 50.15 months.

Statistical Analysis
SPSS23.0 software was applied for all statistical analyses. 
Mann Whitney U-test was used to compare continuous 
variables, while the χ2 test was used to compare catego-
rical variables. Moreover, the Kaplan-Meier method was 
used to analyze the three-year recurrence-free survival 
(RFS) of patients for survival analysis over time. The 
difference in RFS was evaluated by the Log rank test 
(Log rank test) single-factor analysis. Cox equal propor-
tional hazard regression model was used to estimate the 
hazard ratio (HR) and 95% confidence interval (CI) of 
different CEA groups. In univariate analysis, variables 
with P values less than 0.05 were included in the final 
Cox multivariate model. Based on CEA levels status, the 
patients were divided into 3 groups, and in the reference 
range of 99% confidence interval (CI), rather than 95% CI 
for the repeat analyses.5

COX proportional hazard regression model evaluated 
the relationship of CEA levels with a 3 year RFS rates and 
calculated the HR and 95% CI. According to the recom-
mendation of the STROBE statement,14 3 models were 
built including, (1) unadjusted; (2) adjusted for demo-
graphics; and (3) adjusted for demographics plus clinico-
pathological characteristics. Furthermore, to test the 
robustness of these results, the HR changes were com-
pared among the 3 models based on the unadjusted 
model.15 Through univariate and multivariate Cox regres-
sion analysis, the relationship of all variables was evalu-
ated with RFS to compare CEA levels with the 
performance of predicting clinicopathological parameters 
of rectal cancer RFS.16

Results
The Relationship Between Preoperative 
and Postoperative Serum CEA Grouping 
and Clinical Pathological Characteristics 
of Patients
This study retrospectively collected 1,487 stage I–III 
rectal cancer patients pathologically diagnosed and 
excluded distant metastases from two research institu-
tions (Yunnan Cancer Hospital and the Sixth Affiliated 
Hospital of Sun Yat-sen University) between 2010 and 
2016. Every patient was subjected to radical resection of 
rectal cancer. After excluding 465 patients, 1022 patients 
treated by radical surgical resection were eventually 
enrolled (820 in Yunnan Cancer Hospital and 202 in the 
Sixth Affiliated Hospital of Sun Yat-Sen University) 
including, (572 [66.0%] male; median [IQR] age, 55 [-
21–89] years) with stage I to III rectal cancer. Out of 
1,022, 395 had elevated preoperative CEA while 627 had 
normal preoperative CEA. Among the 395 patients with 
preoperative CEA elevation, 73 cases had missing post-
operative CEA data, 255 cases had normal postoperative 
CEA, while 67 cases had postoperative CEA elevation. 
(Figure 1).

Table S1 shows the clinical and demographic patholo-
gical characteristics of the 3 groups of patients with nor-
mal preoperative, elevated preoperative CEA or normal 
postoperative CEA, including preoperative CEA, post-
operative CEA, tumor differentiation, T stage, N stage, 
AJCC 7th edition staging, lymphovascular invasion, peri-
neural invasion, tumor deposit, and adjuvant chemother-
apy. A total of 224 patients experienced tumor recurrence 
or metastasis. No relationship was observed between the 
site of initial recurrence and preoperative and postopera-
tive serum CEA except other sites included peritoneum, 
lymph node, ovary, bone, and kidney (P=0.002) 
(Table S2).

Kaplan–Meier Analysis of Different 
Preoperative and Postoperative Serum 
CEA Groups
The 3-year RFS rate of 627 normal preoperative CEA 
patients was 84.9% (95% CI, 82.2%-87.8%). On the 
other hand, the 3-year RFS rate of 395 elevated preopera-
tive CEA patients was 72.5% (95% CI, 68.2%-77.1%). 
The difference of the 2 groups was statistically significant 
(HR, 1.98; 95% CI, 1.50–2.61; P <0.0001) (Figure2A).
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The 3-year RFS was 45.8% (95%CI, 35.2%-59.5%) for 
the 67 patients whose CEA levels remained elevated after 
surgery compared to 82.3% (95%CI, 79.8%-84.9%) for the 
882 patients with either normal preoperative CEA 
(n = 627) or normalized postoperative CEA (n = 255) 
(HR, 4.23; 95% CI, 2.94–6.09; P<0.0001) (Figure 2B).

On the contrary, the 3-year RFS rate of the 67 patients 
with persistently elevated CEA after surgery was 45.8% 
(95%CI, 35.2%-59.5%), which was significantly lower com-
pared to that of the other 2 groups. The 3-year RFS for the 

255 patients with normalized postoperative CEA was 75.9% 
(95%CI, 70.8% −81.4%), which was statistically indistin-
guishable from the 3-year RFS in the 627 patients with 
normal preoperative CEA levels 84.9% (95%CI, 82.2%- 
87.8%). (Elevated postoperative CEA Vs normalized post-
operative CEA: HR, 1.68; 95% CI, 1.22–2.33; P=0.0016 and 
normalized postoperative CEA vs normal preoperative CEA: 
HR, 5.04; 95% CI, 3.43–7.42; P<0.0001) (Overall log-rank 
P <0.001) (Figure 2C). Similar results can be obtained with 
the CEA cut-off value of 10.0 ng/mL (eFigure 1).
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elevated postoperative CEA. (C) Patients with normal preoperative, normalized postoperative, or elevated postoperative CEA.
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Association of Rectal Cancer Recurrence 
with the Overall Population
Table S3 shows the association of the CEA level of pre-
operative and postoperative serum and 3year RFS.

Association of Rectal Cancer Recurrence 
with Subpopulations
eFigure 2 shows the subgroup analysis results.

eFigure 2 shows the results of the study of CEA in the 
N-stage subpopulation. Patients included 3 cohorts (nor-
mal preoperative, normalized postoperative, and elevated 
postoperative CEA) in phase N0 (eFigure 2A) or N1 
(eFigure 2B in Supplementary information) or N2 
(eFigure 2C) There were significant differences in RFS. 
Among N stage rectal cancer patients, the RFS of the 
normalized postoperative CEA group was significantly 
higher compared to that of the elevated postoperative 
CEA group, but the prognosis was similar to that of the 
normal preoperative CEA group (overall log-rank P<0.05).

Multivariate Analyses of All Variables
Table 1 shows the univariate and multivariate analysis of 
influencing factors related to RFS. A univariate analysis of 
3-year RFS concluded that the preoperative increase in 
CEA and the postoperative normal group were correlated 
with 3-year RFS (P value=0.002). After adjusting the 
confounding factors, multiple COX models were included. 
There was no correlation between the normal group and 
3-year RFS after operation (HR, 1.38; 95% CI, 1.00–1.92; 
P=0.05)

Discussion
Our research findings confirmed that postoperative carci-
noembryonic antigen (CEA) elevation is an independent 
risk prognostic factor for rectal cancer patients which 
exhibits an equivalent prognostic value to the classical 
tumor stage for a 3-year recurrence. The risk of recurrence 
and metastasis in the normalized postoperative CEA group 
of patients had no significant difference from that of the 
normalized preoperative CEA patients. Notably, a large- 
scale cohort study that provides evidence for the prognos-
tic value of preoperative and postoperative CEA in rectal 
cancer patients is lacking. Our findings indicate that pre-
operative and postoperative serum CEA constitutes the 
prognostic biomarker for rectal cancer as described in 
previous studies.5–13 In the existing guidelines, no evi-
dence shows CEA as a predictor of adjuvant 

chemotherapy.3,4,7 This work determined that whether the 
CEA cut-off value is 5.0 ng/mL or 10.0 ng/mL is the CEA 
cut-off value, so it can be judged that CEA is increasing or 
decreasing. We found that the normal preoperative CEA 
group had the best prognosis, followed by the normalized 
postoperative CEA group, while the worst group was the 
elevated postoperative CEA group. Of note, there were 
statistical differences between the 3 groups. P<0.001. 
After adjusting the confounding factors, multiple COX 
models were included. There was no correlation between 
the normalized postoperative and 3-year RFS (HR, 1.38; 
95% CI, 1.00–1.92; P=0.05), which means there may be 
other factors lead to differences in the survival curves of 
these three groups of patients. As such, the detection of 
CEA in rectal cancer patients after surgery is of funda-
mental significance.

Further, we systematically reviewed articles published 
between 2005 and July 2019, and have carried on the database 
query, and focused on the clinical outcomes of CEA in CRC. 
Precisely, it was found that most of these studies only assessed 
the effects of preoperative or postoperative CEA on the prog-
nosis, whereas only one study narrowed on the trend of pre-
operative and postoperative CEA in patients with colon 
cancer.5 Nevertheless, whether this result exists in patients 
with rectal cancer warrants further investigation. Thus, this 
study was designed to improve the preoperative and post-
operative monitoring approaches of patients as well as provide 
novel prevention and treatment strategies for colorectal cancer. 
Additionally, we confirm that rectal cancer patients with rising 
postoperative CEA are at higher risk of recurrence. These 
findings have fundamental clinical implications. Firstly, our 
research design enabled the subdivision of all patients into 3 
categories, unlike previous study designs where preoperative 
and postoperative CEA in CRC was only divided into 2 
groups.11,13 Of note, the postoperative CEA clearance rate 
was a useful prognostic determinant. After surgery, 
a randomized pattern of CEA clearance patients should be 
considered to exhibit a continuing source of CEA and neces-
sitates consideration on strengthening follow-up or adjuvant 
therapy.19 COX multivariate proportional hazard model ana-
lysis demonstrated that postoperative pathological examina-
tions showed positive lymph nodes and higher serum CEA 
levels (≥5ng/mL) were independent risk factors for rectal 
cancer after radical surgery. Therefore, for high preoperative 
CEA levels CRC patients, postoperative CEA levels can be an 
independent risk factor in predicting the prognosis. It is thus 
necessary to strengthen the follow-up and adjuvant therapy, 
even after therapeutic resection.20 The serum CEA level 
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Table 1 Univariate and Multivariate Analyses of 3-Year Recurrence-Free Survival

Variables % 3-Year RFS 

(95% CI)

Univariate Multivariate

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

Age

<60 78.01 (74.16, 82.06) 1.0 (reference)

≥60 77.13 (73.00, 81.50) 1.00 (0.76, 1.32) 0.98

BMI

<24 76.54 (73.02, 80.20) 1.0 (reference)

≥24 79.79 (75.07, 84.80) 0.86 (0.64, 1.17) 0.34

Sex

Male 77.95 (74.26, 81.82) 1.0 (reference)

Female 77.10 (72.74, 81.73) 1.05 (0.80, 1.39) 0.72

Tumor location

High 1.0 (reference)

Mid 0.96 (0.67, 1.38) 0.83

Low 1.13 (0.77, 1.66) 0.54

Surgical approach

ORa 76.31 (72.54, 80.28) 1.0 (reference)

LR 79.39 (75.17, 83.85) 0.97 (0.73, 1.30) 0.85

Surgical procedure

LAR 78.66 (75.61, 81.84) 1.0 (reference)

APR 72.24 (65.00, 80.28) 1.26 (0.91, 1.76) 0.17

Tumor differentiation

Well 85.71 (77.02, 95.39) 1.0 (reference)

Moderate 79.05 (75.53, 82.73) 1.46 (0.71, 2.99) 0.30

Poor-undifferentiated 69.91 (63.77, 76.65) 2.03 (0.97, 4.24) 0.06

Mucinous type

No 77.52 (74.63, 80.53) 1.0 (reference)

Yes 79.62 (66.30, 95.61) 1.12 (0.53, 2.39) 0.76

Pathology T stage

T1 92.35 (86.13, 99.03) 1.0 (reference) 1.0

T2 90.14 (85.66, 94.84) 1.12 (0.51, 2.45) 0.78 0.96 (0.43, 2.14) 0.92

T3 73.04 (69.42, 76.85) 3.40 (1.74, 6.66) <0.001 2.07 (1.03, 4.17) 0.04

T4 53.03 (35.38, 79.49) 5.62 (2.28, 13.84) <0.001 3.32 (1.32, 8.40) 0.01

Pathology N stage

N0 86.09 (82.96, 89.34) 1.0 (reference) 1.0

N1 74.55 (68.95, 80.59) 2.03 (1.45, 2.85) <0.001 1.39 (0.97, 2.01) 0.07

N2 52.90 (44.92, 62.29) 4.43 (3.18, 6.18) <0.001 2.79 (1.94, 4.01) <0.001

Lymphovascular invasion

No 80.06 (77.17, 83.05) 1.0 (reference)

Yes 57.33 (47.80, 68.75) 2.72 (1.92, 3.84) <0.001

Perineural invasion

No 78.87 (76.02, 81.84) 1.0 (reference)

Yes 54.25 (41.00, 71.78) 2.84 (1.79, 4.50) <0.001

Tumor deposit

No 78.78 (75.89,81.79) 1.0 (reference)

Yes 62.67 (51.41, 76.41) 2.07 (1.34, 3.19) 0.001

(Continued)
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before surgery of 2,093 patients with CRC was measured. In 
previous studies, there was no significant correlation between 
preoperative serum CEA elevation and local recurrence. 
Nevertheless, a significant correlation was found between 
preoperative CEA elevation and systemic recurrence. The 
five-year disease-free survival rate of normal preoperative 
CEA levels patients was distinctly higher compared to that 
of elevated preoperative CEA levels patients (P<0.01).21

In a study of colorectal cancer, the patients were 
divided into 4 groups based on their CEA levels. The 
study concluded that the normalized postoperative CEA 
group exhibited the lowest recurrence rate of 22.8%. 
Besides, fluctuating levels of CEA influenced postopera-
tive outcomes.22 Previous studies revealed no significant 
difference in the recurrence rate of colorectal cancer after 
tumor resection or overall survival rate (imaging HR). 
This was among patients treated in high-intensity and 
low-intensity imaging examinations or CEA test monitor-
ing facilities, respectively. Monitoring the intensity of 
patients treated by stage I, II, and III CRC treatment 
exhibits no significant relationship with the detection of 
recurrence.23 For stage II and III resectable colorectal 
cancer patients, postoperative CEA monitoring, combined 
with CT scan and colonoscopy for every 3 to 6 months 
must be performed to monitor recurrence. Nevertheless, 
CEA is an unsuitable screening test for colon cancer due 
to its low specificity. The higher the CEA level before 
and after colon cancer resection, the worse the prognosis. 
Patients after radical resection of colon cancer with CEA 
levels above 5 ng/mL or continuous detection levels were 
associated with cancer recurrence.24 For patients with 
negative preoperative CEA, when the postoperative cut- 
off value was 5ng/mL, the diagnostic accuracy of recur-
rence was 89.1%.25

However, for elevated preoperative CEA patients, 
when the postoperative cutoff value was 5ng/mL, the 
accuracy of a judgment was 58.4%, while when the cutoff 

value was adjusted to 8ng/mL, it increased to 75.6%. 
Among patients with elevated preoperative CEA, patients 
with CEA ≥ 8 ng/mL had a distinctly higher recurrence 
survival rate compared to patients with CEA <8 ng/mL. 
The practicability and accuracy of serum CEA markers in 
the diagnosis of recurrence can be improved by adjusting 
the preoperative CEA cut-off value.26

Our study had two significant limitations. First, the 
CEA time collected by our research data was detected 
within 3 months after operation or before postoperative 
adjuvant chemotherapy, thus we did not analyze the 
specific time of postoperative measurement. 
Nonetheless, one study confirmed a one-week half-life 
of CEA. Therefore, CEA should be timely detected to 
avoid changes after surgery.  Secondly, it was common 
to find false elevations of carcinoembryonic antigen 
levels in patients whose recurrence of colorectal cancer 
was monitored, specifically in a few benign lesions.  
They were not considered here because the methodolo-
gies for their identification were unavailable in the hos-
pital before 2016.

In conclusion, our findings provide valuable insights 
into the prognostic value of the preoperative and post-
operative CEA trends for rectal cancer patients and its 
relationship with clinical outcomes.
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Table 1 (Continued). 

Variables % 3-Year RFS 

(95% CI)

Univariate Multivariate

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

CEA group

Normal preoperative 84.94 (82.17, 87.81) 1.0 (reference) 1.0

Normalized postoperative 75.91 (70.81, 81.37) 1.68 (1.22, 2.33) 0.002 1.38 (1.00, 1.92) 0.05

Elevated postoperative 45.80 (35.22, 59.54) 5.04 (3.43, 7.42) <0.001 3.08 (2.05, 4.62) <0.001

Abbreviations: APR, abdominoperineal resection; BMI, body mass index; CEA, carcinoembryonic antigen; LAR, low anterior resection; LR, laparoscopic resection; OR, 
open resection.
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