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Purpose: Carcinoembryonic antigen (CEA) is a useful marker for rectal cancer. The aim of this study was to investigate 
the prognostic impact of CEA level according to neoadjuvant chemoradiotherapy (nCRT) in rectal cancer patients who 
underwent radical surgery. 
Methods: A total of 245 patients with rectal cancer who underwent radical surgery were retrospectively evaluated. Serum 
CEA level was measured preoperatively and postoperatively. We compared survival outcomes based on CEA level before 
and after surgery according to nCRT.
Results: Of the 245 patients, elevation of CEA level was observed preoperatively in 79 and postoperatively in 30, respec-
tively. Eighty-seven (35.5%) patients received nCRT, and elevated CEA level was a significant prognostic factor both be-
fore and after surgery. In patients who had not received nCRT, an elevated CEA level was a significant prognostic factor 
before surgery but was not significant after surgery. In a multivariate analysis for prognostic factors, elevation of preopera-
tive CEA level was an independent prognostic factor of disease-free survival (DFS) regardless of nCRT. Postoperative 
CEA level was an independent prognostic factor of DFS in patients who had received nCRT but was not a factor in pa-
tients who had not received nCRT.
Conclusion: Serum CEA level was an independent prognostic factor both preoperatively and postoperatively in rectal 
cancer patients who had received nCRT.
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INTRODUCTION

Colorectal cancer (CRC) is the third most frequently diagnosed 
malignancy and one of the leading causes of cancer-related mor-
tality worldwide [1]. Rectal cancer accounts for approximately 
30% of CRC and is associated with worse clinical outcomes [2, 3]. 
The standard treatment of locally advanced rectal cancer is neo-

adjuvant chemoradiotherapy (nCRT) followed by total mesorectal 
excision to improve resectability, anal sphincter preservation, and 
local control. Selecting optimal treatments for individuals remains 
challenging for clinicians due to lack of effective markers [4]. In 
recent years, several markers have played an increasingly vital role 
in detection and management of CRC [5]. 

Carcinoembryonic antigen (CEA) is one of the most common 
and convenient indexes in patients with CRC. It has been used for 
diagnosing cancer, evaluating response to therapy, prognostic pre-
diction, or detecting recurrence [6-9]. Although CEA is not a dis-
ease-specific marker, change from preoperative to postoperative 
CEA level has been suggested as an indicator of a higher recur-
rence rate. Many studies have investigated the role of CEA as a 
prognostic factor in CRC [10, 11]. In earlier reports, elevated se-
rum CEA level has been shown to have an adverse effect on prog-
nosis of CRC [12, 13], whereas other studies have reported no re-
lationship between serum CEA and oncologic outcomes [14, 15]. 
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Table 1. Patient characteristics 

Variable
nCRT (–)  
(n = 158)

nCRT (+) 
(n = 87)

P-value

Age (yr) 0.227
   < 65 69 (43.7) 45 (51.7)
   ≥ 65 89 (56.3) 42 (48.3)
Sex 0.021
   Male 85 (53.8) 60 (69.0)
   Female 73 (46.2) 27 (31.0)
Preoperative CEA (ng/mL) 0.002
   ≤ 5 96 (60.8) 70 (80.5)
   > 5 62 (39.2) 17 (19.5)
Postoperative CEA 0.501
   ≤ 5 137 (86.7) 78 (89.7)
   > 5 21 (13.3) 9 (10.3)
Clinical stage < 0.001
   I 37 (23.4) 1 (1.1)
   II 87 (55.1) 14 (16.1)
   III 34 (21.5) 72 (82.8)
Cancer obstruction 0.137
   Yes 23 (14.6) 7 (8.0)
   No 135 (85.4) 80 (92.0)
Cancer perforation 0.135
   Yes 4 (2.5) 0 (0)
   No 154 (97.5) 87 (100)
Approach of operation 0.119
   Minimally invasive surgery 147 (93.0) 85 (97.7)
   Open 11 (7.0) 2 (2.3)
p(or yp)Stage 0.659
   0 1 (0.6) 2 (2.3)
   I 43 (27.2) 26 (29.9)
   II 54 (34.2) 27 (31.0)
   III 60 (38.0) 32 (36.8)
Cell type
   WD/MD 146 (92.4) 80 (92.0)
   PD/MUC/SRC 12 (7.6) 7 (8.0)
Lymphatic invasion 0.006
   Yes 51 (32.3) 14 (16.1)
   No 107 (67.7) 73 (83.9)
Vascular invasion 0.134
   Yes 32 (20.3) 11 (12.6)
   No 126 (79.7) 76 (87.4)
Perineural invasion 0.126
   Yes 21 (13.3) 6 (6.9)
   No 137 (86.7) 81 (93.1)
Adjuvant treatment < 0.001
   Yes 77 (48.7) 66 (75.9)
   No 81 (51.3) 21 (24.1)

Values are presented as number (%). 
nCRT, neoadjuvant chemoradiotherapy; CEA, carcinoembryonic antigen; p(or yp)
Stage, pathologic stage after surgical resection in patients who received preopera-
tive treatment; WD, well differentiated; MD, moderately differentiated; PD, poorly 
differentiated; MUC, mucinous carcinoma; SRC, signet ring cell carcinoma.Fig. 1. Flowchart of patient selection.

*Excluded patients 
  - No data of pre- or postoperative CEA (n= 254) 
  - Local excision or palliative surgery (n= 24) 
  - Synchronous malignancy (n= 5) 
  - Recurrent or metastatic diseases (n= 10) 
  - Hereditary cancer (n= 2)

540 Patients

245 Patients

Neoadjuvant  
chemoradiotherapy (−)

(n= 158)

Neoadjuvant  
chemoradiotherapy (+)

(n= 87)

However, a few studies have focused on rectal cancer and described 
the prognostic effect of CEA according to nCRT.

In this study, we investigated the prognostic impact of CEA level 
according to nCRT in rectal cancer patients who underwent radi-
cal surgery. 

METHODS

The present study is based on the colorectal database of Hallym 
University Sacred Heart Hospital in Anyang, Korea. A total of 245 
records of patients with rectal cancer who underwent radical sur-
gery from January 2007 and December 2017 was retrospectively 
reviewed. All had histologically confirmed adenocarcinoma of 
the rectum. Patients were excluded if they had no data for preop-
erative or postoperative CEA, local excision, palliative surgery, 
synchronous malignancies, recurrent or metastatic disease, or he-
reditary cancer. This study was approved by Institutional Review 
Board of Hallym University Sacred Heart Hospital (No. 2020-07-
027). The requirement for informed consent was waived because 
of the retrospective nature of the study.

Patients with locally advanced rectal cancer were treated with 
nCRT that consisted of radiotherapy at a total dose of 50.4 Gy and 
concomitant chemotherapy based on either intravenous 5-fluoro-
uracil or oral capecitabine. All had radical surgery between 6 and 
10 weeks after completing nCRT. In contrast, patients with early 
rectal cancer immediately underwent radical surgery without 
nCRT. Intravenous 5-fluorouracil or oral capecitabine-based ad-
juvant chemotherapy was considered for either clinically or patho-
logically confirmed patients with locally advanced rectal cancer.

Postoperative surveillance was performed every 3 months for the 
first 2 years after surgery and then every 6 months for up to 5 years. 
Most patients were evaluated with a physical examination, serum 
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CEA level, and chest X-ray at each visit. Abdominopelvic and chest 
computed tomographies were performed every 6 months. Colonos-
copy was performed after the first year and then biennially. 

Serum CEA level was measured preoperatively and postopera-
tively (within 3 months after surgery and before starting adjuvant 
treatments). The interval between CEA measurement and sur-
gery were reviewed preoperatively (median, 4 days; interquartile 
range [IQR], 6 days) and postoperatively (median, 7 days; IQR, 2 
days). The normal range of serum CEA level was defined as less 
than or equal to 5 ng/mL. The primary endpoint of this study was 
disease-free survival (DFS) based on CEA level according to nCRT.

Statistical analyses were performed using IBM SPSS Statistics for 
Windows (version 20.0; IBM Corp., Armonk, NY, USA). Survival 
rates were analyzed using the Kaplan-Meier method and the log-
rank test. Multivariate analyses for prognostic factors were per-
formed using a Cox proportional hazard model. Variables that 
were significant in univariate analysis were entered into the multi-
variate model. The P-values were derived from two-tailed tests, 
and P≤ 0.05 was considered statistically significant.

RESULTS

A total of 245 patients with rectal cancer was included in this 
study (Fig. 1). The clinicopathological features of the patients are 
described in Table 1. The patients included 145 males (59.2%) 
and 100 females (40.8%) with a median age of 66.0 years (range, 
28–90 years). Of these, 87 (35.5%) received nCRT before surgery. 
Of the 245 patients, increased CEA level was observed preopera-
tively in 79 (32.2%) and postoperatively in 30 (12.2%). The me-
dian value for preoperative CEA level was 3.38 ng/mL (range, 
0.01–383.0 ng/mL) and postoperative CEA was 2.0 ng/mL (range, 
0.1–666.1 ng/mL). 

To identify the impact of CEA on oncologic outcomes, we ana-
lyzed DFS according to CEA before and after surgery. The me-
dian follow-up duration was 47.3 months (range, 0.6–120.2 months). 

The 5-year DFS rates were significantly lower in patients with ele-
vation of preoperative CEA level compared with patients with 
normal CEA level (62.7% vs. 84.9%, P< 0.001) (Fig. 2A). How-
ever, there was no significant difference in 5-year DFS rates ac-
cording to postoperative CEA levels (75.1% vs. 78.6%, P= 0.424) 
(Fig. 2B).

To evaluate the prognostic value of CEA according to nCRT, we 
analyzed DFS according to CEA before and after surgery in each 
group. In patients who had not received nCRT, elevated CEA level 
was a significant prognostic factor before surgery but was not sig-
nificant after surgery (P= 0.013 and P= 0.710, respectively) (Fig. 
3A). In patients who had received nCRT, elevated CEA level was a 
significant prognostic factor both before and after surgery (P=  
0.002 and P= 0.024, respectively) (Fig. 3B). We performed addi-
tional analysis for DFS in each stage and confirmed that the results 
were similar to those of all patients (Supplementary Figs. 1–3).

In addition, we further analyzed DFS according to change in 
CEA level before and after surgery in patients who had received 
nCRT. The patients were divided into 3 groups according to the 
CEA levels as follows: group 1 (preoperative, ≤ 5 ng/mL and post-
operative, ≤ 5 ng/mL); group 2 (preoperative, > 5 ng/mL and post-
operative, ≤ 5 ng/mL); and group 3 (preoperative, > 5 ng/mL and 
postoperative, > 5 ng/mL). As shown in Fig. 4, the DFS was signi
ficantly worse in group 3 than in group 1 and group 2 (P= 0.008).

Cox proportional hazard modeling was performed to identify 
whether CEA levels before and after surgery, according to nCRT, 
were an independent prognostic factor for survival outcomes in 
rectal cancer. In patients who had not received nCRT, elevation of 
preoperative CEA level was an independent prognostic factor of 
DFS (P= 0.049; hazard ratio [HR], 2.017; 95% confidence interval 
[CI], 1.002–4.058), but postoperative CEA level was not. In pa-
tients who had received nCRT, elevation of both preoperative and 
postoperative CEA level was an independent prognostic factor of 
DFS (P= 0.017; HR, 5.443; 95% CI, 1.356–21.848; and P= 0.036; 
HR, 3.983; 95% CI, 1.093–14.515, respectively) (Table 2). 

Fig. 2. Disease-free survival (DFS) according to serum carcinoembryonic antigen (CEA) levels (A) before surgery and (B) after surgery. 
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Fig. 4. Disease-free survival (DFS) according to changes in carcino-
embryonic antigen (CEA) levels in patients who had received neoad-
juvant chemoradiotherapy. CEA level (ng/mL): group 1, preoperative 
≤5 and postoperative ≤5; group 2, preoperative >5 and postoperative 
≤5; and group 3, preoperative >5 and postoperative >5.
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Fig. 3. Disease-free survival (DFS) according to serum carcinoembryonic antigen (CEA) levels before and after surgery in patients who had 
(A) not received neoadjuvant chemoradiotherapy (nCRT) and (B) received nCRT. 
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DISCUSSION

In this study, we investigated the prognostic value of CEA levels 
according to nCRT in rectal cancer patients who underwent radi-
cal surgery. We observed that preoperative CEA level was a prog-
nostic factor regardless of nCRT, and postoperative CEA level was 
a significant prognostic factor only in patients receiving nCRT. In 
patients who had received nCRT, patients with continuing CEA 
level elevation after surgery showed significantly worse DFS com-
pared to patients with lower CEA level postoperatively. 

Many oncologic researchers have investigated the role of serum 
CEA as a prognostic indicator in CRC [13-18]. In locally advanced 
rectal cancer, the standard treatment is nCRT followed by radical 
surgery, and the relationship of CEA and response to nCRT has 
been studied [6, 7]. Some studies have reported that patients with 
elevated serum CEA levels before and after nCRT or surgery showed 
poor oncologic outcomes [19-22], whereas other studies have re-
ported no relationship between serum CEA and oncologic out-
comes [23, 24]. Thus, the association between serum CEA level 
and nCRT in rectal cancer is controversial.

CEA is a glycoprotein expressed on colonic epithelial cells and 
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Table 2. Prognostic factors for disease-free survival 

Variable

nCRT (–) nCRT (+)

Univariate Multivariate Univariate Multivariate

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

Preoperative CEA (ng/mL), > 5 vs. ≤ 5 0.016 2.017 (1.002–4.058) 0.049 0.005 5.443 (1.356–21.848) 0.017

Postoperative CEA (ng/mL), > 5 vs. ≤ 5 0.711 0.013 3.983 (1.093–14.515) 0.036

Age (yr), ≥ 65 vs. < 65 0.209 0.975

Sex, female vs. male 0.707 0.705

Cancer obstruction, yes vs. no 0.866 0.114

Cancer perforation, yes vs. no 0.542 0.793

p(or yp)Stage 0.008 0.030 0.036 0.137

   II vs. 0–I 2.978 (0.848–10.453) 0.089 6.697 (0.823–54.479) 0.075

   III vs. 0–I 4.557 (1.573–13.201) 0.005 8.845 (1.032–75.778) 0.047

Cell type, PD/MUC/SRC vs. WD/MD 0.626 0.031 3.599 (0.864–14.996) 0.079

Lymphatic invasion, yes vs. no 0.505 0.338

Vascular invasion, yes vs. no 0.050 1.644 (0.771–3.503) 0.198 0.119

Perineural invasion, yes vs. no 0.599 0.733

Adjuvant treatment, yes vs. no 0.016 0.601 (0.538–2.922) 0.971 0.236

nCRT, neoadjuvant chemoradiotherapy; HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; p(or yp)Stage, pathologic stage after surgical resection in 
patients who received preoperative treatment; PD, poorly differentiated; MUC, mucinous carcinoma; SRC, signet ring cell carcinoma; WD, well differentiated; MD, moder-
ately differentiated. 

secreted into the bloodstream, leading to an increase in serum 
level [25]. CEA is reliable for detecting recurrence and is used to 
evaluate the biological activity of malignancies. Thus, it is recom-
mended by the American Society of Clinical Oncology and the 
European Society for Medical Oncology as a prognostic biomarker 
during routine follow-up for CRC after surgical resection [5, 11]. 
In this study, CEA was an independent prognostic factor both pre-
operatively and postoperatively in patients who had received nCRT. 
Patients with persistent postoperative CEA level elevation showed 
the worst DFS. There may be tumor cells that have escaped sys-
temic control while local control of tumor cells by nCRT. CEA re-
flects the burden of these circulating tumor cells and has been used 
as a marker for detecting micrometastases [26-30]. Our findings 
may be due to persistence of micrometastases during nCRT and 
continued production of CEA as a result. On the other hand, most 
of patients in non-nCRT group are clinically early staged rectal 
cancer compared to those in nCRT group. In non-nCRT group, 
the elevated CEA level after surgery is may be due to false posi-
tive. This finding has also been revealed in several existing litera-
ture [30-33]. Our results may be useful in predicting recurrence 
and establishing treatment strategies in rectal cancer patients who 
received nCRT, especially in patients with continuing CEA level 
elevation after surgery.

There were some limitations in our study. This study was per-
formed retrospectively in a single institution. There was a lack of 
consideration of other factors contributing to false-positive CEA 

elevation. We have no data on CEA level prior to surgery after 
nCRT. Also, we did not analyze the association between CEA level 
and tumor response to nCRT.

In conclusion, serum CEA level was an independent prognostic 
factor both preoperatively and postoperatively in rectal cancer pa-
tients who had received nCRT. Close observation and intensive 
treatment are needed in patients with persistent CEA level eleva-
tion after surgery.
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