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INTRODUCTION
CEA is an oncofetal glycoprotein that is expressed by many 

epithelial tumors [1]. Since its initial description in 1965 [2], 
CEA has remained the most thoroughly investigated tumor 
marker. The protein is produced by normal fetal gut tissue 
and by epithelial tumors, particularly those of the large bowel. 
CEA is expressed in large quantities in approximately 95% of 
colorectal carcinomas, and the association between serum CEA 
(s-CEA) levels and colorectal cancer (CRC) has been studied 

extensively. Preoperative s-CEA levels increase with advancing 
tumor stage [3], and elevated preoperative s-CEA levels predict 
a higher incidence of recurrence in patients with CRC [4]. 
Furthermore, the relationship between preoperative s-CEA 
levels and survival suggests a predictive value of the former for 
metastasis or recurrence in CRC patients [5,6]. In some patients, 
high preoperative CEA levels fail to normalize following a 
successful surgical resection. In many instances, the precise 
reasons for persistent high s-CEA levels cannot be determined. 
The explanatory causes for this failure include overlooked 
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metastases or an inadequate surgery [7]. Otherwise, persistent 
high s-CEA levels may be due to smoking, renal insufficiency, 
or chronic pulmonary or liver diseases [7,8]. The aim of our 
present study was to evaluate the role of preoperative and 
postoperative s-CEA levels as a predictor of recurrence and 
survival in patients with CRC.

METHODS

Patients
Between January 1999 and December 2008, 9,380 CRC 

patients underwent surgery in Asan Medical Center, and high 
preoperative s-CEA levels (>6 ng/mL) were observed in 2,381 of 
these cases (25.4%) (Table 1). A curative resection was performed 
in 1,242 stages I–III patients with CRC in this population. 
Preoperative and postoperative s-CEA levels were retrospectively 
analyzed in these patients (Fig. 1). Patients who had undergone 
neoadjuvant chemotherapy and/or radiotherapy, patients 
with a known second neoplastic disease, and patients with 
inflammatory bowel disease were excluded. High preoperative 
s-CEA levels were normalized in 924 patients (74.4%) within 2 
weeks from surgery. However, high s-CEA levels were present in 

318 patients (25.6%) at 1- to 2-week postsurgery, and, of these, 37 
patients had sustained elevated s-CEA levels until 1 year after 
surgery. Curative resection (R0) was defined as no gross residual 
tumor remaining in the surgical bed and surgical resection (both 
distal and circumferential) margins that were pathologically 
negative for tumor invasion. Patients were staged according to 
the criteria of the American Joint Commission on Cancer (AJCC) 
7th TNM classification of malignant tumors [9].

The patients were divided into 2 groups according to their 
postoperative s-CEA levels. Group 1 (n = 37) was comprised 
of patients with a postoperative s-CEA>6 ng/mL 1 year after 
surgery; group 2 (n = 281) was comprised of patients with a 
postoperative s-CEA≤6 ng/mL 1 year after surgery. There is 
also no clear consensus on the frequency or duration of optimal 
CEA monitoring, although the current American Society of 
Clinical Oncology guidelines recommend monitoring every 2–3 
months for at least 2 years after diagnosis. The postoperative 
surveillance program in our institute is as follows. Patients 
are followed routinely at 3- or 6-month intervals for the first 2 
years and at 6- or 12-month intervals thereafter. At each visit, 
CEA levels are assayed, a full history is obtained, and a physical 
examination is performed. Colonoscopy is performed within 6 
months to 1 year following surgery, and every 3 years thereafter. 
Abdominopelvic CT (APCT) and chest CT are performed 6 
months postoperatively and then at semiannually intervals 
with APCT, annually intervals with chest CT. Unscheduled CT 
or PET scans were performed on patients with increased serum 
CEA concentrations or patients who were symptomatic.

Detection of serum CEA
Peripheral blood samples were obtained 1 week before and 

2 weeks after an operation. S-CEA was measured by enzyme 

Table 1. Preoperative s-CEA levels

Stage CEA ≤ 6.0 ng/mL, n (%) CEA > 6.0 ng/mL, n (%)

I 1,574 (22.5) 88 (3.7)
II 2,555 (36.5) 553 (23.2)
III 2,135 (30.5) 601 (25.3)
IV 735 (10.5) 1,139 (47.8)
Total 6,999 2,381

s-CEA, serum CEA.

9,380 All colorectal cancer patients

2,162 Preoperative CEA > 6.0

7,218 Exclude preoperative CEA < 6.0

1,334 R0 resection

828 Exclude R1, R2 resection

1,308 Primary operation

26 Exclude metachronous cancer

1,242 Stages I-III

66 Exclude stage IV Fig. 1. Study algorithm used to 
select colorectal cancer patients 
with an elevated preoperative 
serum CEA level.
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immunoassay (ELISA-2-CEA kit, CIS Biointernational, Marcule, 
France). The normal range of s-CEA in our laboratory was set as 
<6 ng/mL.

Statistical analysis
All data were analyzed using the IBM SPSS ver. 18.0 (IBM Co., 

Armonk, NY, USA). The chi-square test was used to compare 
clinicopathologic parameters between groups and preoperative 
and postoperative s-CEA levels. The cumulative survival rates 
were calculated by the Kaplan-Meier method. Univariate and 
multivariate analyses of factors associated with recurrence were 
performed using a multivariate logistic regression analysis and 
the Cox proportional hazards model to estimate hazard ratios 
and to yield 95% confidence intervals. Statistical significance 
was defined as a P-value < 0.05.

RESULTS

Patient characteristics
Of the 318 patients in our series with high s-CEA levels at 4 

weeks postoperatively, 189 (59.4%) were males, and 129 (40.6%) 
were females. The mean patient age was 61.4 years (range, 
28–90 years), and the median follow-up was 58 months (range, 
1–174 months). Among these 320 patients also, 21 (6.5%) had 
stage I tumors, 133 (41.6%) had stage II tumors, and 166 (51.9%) 
had stage III tumors. The clinicopathologic characteristics of 
the patients are summarized in Table 2. Patients were further 
divided into 2 groups according to theirs-CEA levels 1 year 
postoperatively. Following curative resection, s-CEA levels were 
observed to normalize in 176 patients (61.9%) between 2 and 
8 weeks postoperatively, in 81 patients (28.8%) between 2 and 
6 months postoperatively, and in 24 patients (8.5%) between 6 
and 12 months postoperatively. Postoperative management of 
the patients is summarized in Table 3. There was no significant 
difference in the chemotherapy regimens (P = 0.096) and 
postoperative radiation therapy (P = 0.538) between the 2 
groups (P = 0.096). A significantly lower rate of chemotherapy 
was observed in group 1 compared with group 2. However, it 
did not affect the overall survival (OS) and disease free survival 
(P = 0.379). There was no significant difference between the 
comorbidity (P = 0.444) and smoking history (P = 0.650) 
between the groups, which were related to increased s-CEA 
levels.

Recurrence patterns and survival rate after 
recurrence
The recurrence rate was 64.9% (24/37) and 23.1% (65/281) in 

Kwan Mo Yang, et al: Elevated serum CEA

Table 2. Clinicopathologic characteristics of the study pa­
tients

Characteristic Group 1  
(n = 37)

Group 2  
(n = 281) P-value

Sex 0.414
    Male 24 (64.9) 165 (58.7)
    Female 13 (35.1) 116 (41.3)
Age (yr) 65.9 ± 9.7 60.8 ± 11.6 0.010
Preoperative s-CEA  
(ng/mL)

76.1 ± 172.2 57.7 ± 74.4 0.520

Tumor location 0.150
    Colon 17 (45.9) 161 (57.3)
    Rectum 20 (54.1) 120 (42.7)
Longest diameter of 
tumor (cm)

6.3 ± 3.2 6.3 ± 2.3 0.974

No. of retrieved LNs 16.7 ± 11.2 21.1 ± 13.1 0.048
Histology 0.160
    WD/MD 30 (81.1) 253 (90.0)
    PD/Muc/SRC 7 (18.9) 28 (10.0)
TNM staging system 0.725
    I 2 (5.4) 19 (6.7)
    II 13 (35.1) 119 (42.2)
    III 22 (59.5) 143 (51.1)
Recurrence rate 24/37 (64.9) 65/281 (23.1) <0.001
Follow-up (mo) 23.7 ± 27.8 60.5 ± 36.6 <0.001
Comorbidity 0.444
    Liver disease 1 (2.7) 17 (6.0)
    COPD 2 (5.4) 6 (2.1)
Smoking history 0.650
    Yes 8 (21.6) 50 (17.8)
    No 29 (78.4) 231 (82.2)

Values are presented as number (%) or mean ± standard deviation.
Group 1, persistent elevated s-CEA at 1-year postsurgery; group 
2, normalized s-CEA at 1-year postsurgery; s-CEA, serum CEA; 
LN, lymph node; WD, well differentiated; MD, moderately 
differentiated; PD, poorly differentiated; SRC, signet ring cell; 
Muc, mucinous; COPD, chronic obstructive lung disease.

Table 3. Postoperative chemotherapy and radiotherapy

Chemotherapy  
and radiotherapy

Group 1  
(n = 37)

Group 2  
(n = 281) P-value

Postoperative chemotherapy 0.096
    LF 12 (32.4) 126 (44.8)
    Capecitabine 4 (10.8) 50 (17.8)
    Doxifluridine or UFT 8 (21.6) 43 (15.3)
    FORFOX or FOLFIRI or 

XELOX
2 (5.4) 12 (4.3)

    Other hospital 0 (0) 7 (2.5)
    No chemotherapy 11 (29.7) 43 (15.3)
Postoperative radiation 
therapy

0.538

    Yes 9 (24.3) 91 (32.4)
    No 28 (75.7) 190 (67.6)

Values are presented as number (%).
Group 1, still elevated at 1-year postsurgery; group 2, normalized 
by 1-year postsurgery; LF, leucovorin + 5-fluorouracil; UFT, 
tegafur-uracil, FOLFOX, FL+oxaliplatin; FOLFIRI, FL+irinotecan; 
XELOX, capecitabine+oxaliplatin.
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groups 1 and 2, respectively (P < 0.001) and the OS rate was 
significantly higher (P < 0.001) in group 2 (Fig. 2). For analysis 
of recurrence patterns, the site of recurrence was divided into 
local recurrence and systemic metastasis (Table 4). There was 
however no significant difference between these recurrence 
patterns in the 2 groups (P = 0.575). Twenty-two patients in 
group 2 had a curative resection after recurrence compared with 
no patients in group 1 (P = 0.001). When metastasis were found 
in group 1 patients, peritoneal seeding was found in 13 patients 
(54%), multiple liver and lung metastasis in 9 patients (38%), 
and local recurrence in 2 patients (8%) with inoperable status. 
Multivariate logistic regression analysis showed that pathologic 
differentiation (P = 0.032) and abnormal postoperative s-CEA 
levels (P < 0.001) were independent prognostic factors for a 
postoperative recurrence (Table 5). Patients in group 1 had a 
7.2 fold higher risk of recurrence than patients in group 2. The 
patients with relapse within 1 year were 20/37 in group 1 and 
25/281 in group 2. Being classified in group 1 was identified 
as an independent prognostic factor for survival in a Cox 
proportional hazards regression model (Table 5). The patients 
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Fig. 2. Cumulative overall survival rates in colorectal cancer patients with an elevated preoperative serum CEA (group1, 
still elevated at 1-year postsurgery; group 2, normalized by 1-year postsurgery), after primary surgery (A) and recurrence (B), 
respectively.

Table 4. Patterns of recurrence

Recurrence site  
& treatment

Group 1  
(n = 24)

Group 2  
(n = 65) P-value

Recurrence site 0.575
   Local recurrence 2 (8.3) 7 (10.8)
   Systemic recurrence 22 (91.7) 58 (89.2)
Treatment <0.001
   Curative resection 0 (0) 22 (33.8)
   Palliative resection 0 (0) 43 (66.2)

Values are presented as number (%).
Group 1, still elevated at 1-year postsurgery; group 2, normalized 
by 1-year postsurgery.

Table 5. Correlation between postoperative relapse/survival 
and clinicopathological features or postoperative s-CEA le­
vels in the CRC study patients using multivariate logistic re­
gression analysis

Variable Odds 
ratio

Confidence 
interval P-value

Postoperative relapse
   Longest diameter of tumor 

(≥5/<5 cm)
0.359

   Tumor location (colon vs. 
rectum)

0.349

   Bormann type (1/2 vs. 3/4) 0.285
   Depth (T3/T4 vs. T1/T2) 3.139 0.857–11.500 0.084
   Lymph node metastasis (N0 

vs. N1/N2)
0.763

   Differentiation (PD/Muc/
SRC vs. WD/MD)

3.035 1.100–8.372 0.032

   Group 1 vs. group 2 7.271 3.389–15.597 <0.001
Survival
   Longest diameter of tumor 

(≥5/<5 cm)
0.483

   Tumor location (colon vs. 
rectum)

0.140

   Bormann type (1/2 vs. 3/4) 0.271
   Depth (T3/T4 vs. T1/T2) 0.791
   Lymph node metastasis (N0 

vs. N1/N2)
0.856

   AJCC stage (I/II vs. III) 0.858
   Differentiation (PD/Muc/

SRC vs. WD/MD)
0.908

   Group 1 vs. group 2 5.201 3.412–7.929 <0.001

Group 1, still elevated at 1-year postsurgery; group 2, normalized 
by 1-year postsurgery; s-CEA, serum CEA; CRC, colorectal can­
cer; WD, well differentiated; MD, moderately differentiated; PD, 
poorly differentiated; SRC, signet ring cell; Muc, mucinous.
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with death within 1 year were 7 of 37 in group 1 and 7 of 281 
in group 2. The 924 patients with normalized postoperative 
s-CEA levels clearly demonstrated a lower recurrence rate (122 
patients, 13.2%). Among the 122 patients with recurrence, 
liver and lung metastasis were found in 89 patients (73.0%), 
peritoneal seeding in 19 patients (15.6%), and local recurrence in 
14 patients (11.4%).

DISCUSSION
We found in our present study that persistently elevated 

postoperative s-CEA levels were significantly correlated with 
high recurrence and low survival rates in CRC patients. In 
25.6% (318 of 1,242) of stages I–III CRC patients with abnormal 
preoperative s-CEA levels, elevated s-CEA levels were sustained 
postoperatively and patients with high pre- and postoperative 
s-CEA levels exhibited a poorer outcome. Moreover, multivariate 
analysis revealed that abnormal postoperative s-CEA levels and 
tumor differentiation were predictive factors for recurrence. 
Furthermore, a persistently high postoperative s-CEA level was 
the only predictive factor for survival. An initially elevated 
s-CEA level that fails to normalize in the early postoperative 
period following a curative resection has been suggested to 
represent an additional relevant risk factor [10]. Several studies 
report that elevated preoperative and postoperative s-CEA levels 
are associated with more advanced disease and with an adverse 
outcome following a successful surgical resection [11,12].

In 1999, the College of American Pathologists consensus 
statement reported preoperative s-CEA elevation as a category I 
prognostic factor, with category I factors including “definitively 
proven to be of prognostic import based on evidence from 
multiple statistically robust published trials and generally used 
in patient management [13].” However, preoperative s-CEA 
was the only category I factor not included in the current AJCC 
staging system [14]. According to the European Group on Tumor 
Markers guidelines, s-CEA is considered to be of independent 
prognostic value [15]. Other reports have suggested that 
advanced stage tumors significantly correlated with higher 
preoperative and postoperative s-CEA levels. In our present 
study, the proportion of patients with an elevated preoperative 
s-CEA level correlated with stage advancement (3.7% in 
stage I vs. 47.8% in stage IV). The detection rate of abnormal 
preoperative s-CEA levels appeared to increase with tumor stage 
progression. We and others have suggested that s-CEA levels 
should be added to the current staging system [16-18].

Surveillance programs following primary resection are 
important in the early identification of recurrent disease and 
distant metastasis while the tumors are still asymptomatic and 
potentially curable. Despite a variety of strategies and proposed 
schedules, objective data for surveillance programs remain 
limited. Early detection of CRC relapse is an important factor 

in reducing cancer mortality [7]. Intensive follow-up after a 
curative resection of CRC improves OS and the re-resection rate 
for recurrent disease [19]. The level of postoperative CEA has 
been shown to correlate with metastasis and local recurrence 
[20,21]. S-CEA has shown promise as an indicator of residual 
disease before recurrence becomes clinically apparent, and 
patients with recurrence might have a greater chance of being 
cured if the residual disease is identified and treated effectively 
at an earlier time. A rise in postoperative CEA levels prior to 
clinically observable recurrence have been reported in 18%–75% 
of cases with CRC relapse [20,22]. This rise has been reported as 
early as 2.5–4 months prior to recurrence and may indicate the 
potential of a recurrence, possibly detecting a relapse at an early 
stage [21,23]. Frequent monitoring of CEA postoperatively may 
allow for the identification of patients with metastatic disease 
for whom surgical resection or other localized therapy may 
be potentially beneficial. Our current findings demonstrated 
that patients with persistently elevated s-CEA levels have a 
significantly high recurrence rate. Extended surveillance with 
sensitive diagnostic techniques and treatment of recurrences 
at an earlier stage of disease should be performed in these 
patients.

In our present analyses also, patients with persistently 
elevated s-CEA levels showed a significantly high recurrence 
rate after surgery. Furthermore, a curative resection after a 
recurrence was not achieved in any of these patients. The 
OS rate of patients with persistently high s-CEA levels after 
a recurrence was significantly different from that of patients 
with persistently low s-CEA levels. Other factors may affect 
postoperative s-CEA concentrations in CRC patients. S-CEA may 
be increased in epithelial tumors at other sites (both benign 
and malignant), inflammatory bowel disease, pancreatitis, 
liver disease, pulmonary infection, bowel obstruction, and in 
smokers [24]. Patients with postoperative complications, such 
as pulmonary disorders (e.g., pneumonia, pleural effusion, and 
atelectasis), toxic hepatitis and abnormal renal functions due 
to anesthesia, and mechanical or paralytic bowel obstruction 
caused by surgery, also display increased s-CEA levels. In our 
current study, patients with a known epithelial tumor and with 
inflammatory bowel disease were excluded from the analysis. 
There was no statistically significant difference between 
comorbidities, including liver disease, chronic obstructive lung 
disease, and smoking history. However, there were patients 
with postoperative complications, such as pulmonary disorders 
(including pneumonia, pleural effusion, and atelectasis), 
hepatitis or abnormal renal functions due to anesthesia, and 
mechanical or paralytic bowel obstruction caused by surgery. 
These causes may be related to increased postoperative s-CEA 
levels, but did not demonstrate local recurrence or metastasis in 
our patients.

We found in our present series that 24 patients in group 
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1 had a recurrence, and 13 patients in this group showed no 
evidence of recurrence. Among these 13 patients, only 4 patients 
(4 of 37, 11%) showed no evidence of recurrence from physical 
results, laboratory findings, and imaging studies after 5 years 
and still survive. These patients were not smokers and had no 
other comorbidities such as liver disease, lung problems, or 
other malignancies. Among the remaining 9 patients in group 
1 who did not have recurrence, 1 patient was lost to follow-up 
and 8 patients were died from unknown causes.

This study had several limitations of note. First, our analysis 
was retrospective in nature. Second, adjuvant chemoradiation 
therapy differs between oncologists, and different regimens 
were used in our patient cohort.

In conclusion, persistently high postoperative s-CEA levels 
are a clinically important predictor of poor prognosis in CRC 
patients. Extensive surveillance of these patients with a high 
postoperative s-CEA of unknown cause is recommended, and 
consider aggressive adjuvant chemotherapy without confirming 
if recurrence is suspected. However, long-term follow-up studies 
in a large CRC cohort are additionally required to strengthen 
this hypothesis.
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