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ABSTRACT

Background. Preoperative carcinoembryonic antigen

(CEA) has yet to be used as a prognostic or adjuvant

chemotherapy factor for colorectal cancer (CRC).

Methods. This retrospective cohort study included all

stage I–III CRC patients with different preoperative serum

CEA levels (B 5, 5–10, and[ 10 ng/ml) at a single center

between 1995 and 2010. Propensity score matching was

performed in a 1:1 ratio between the two elevated CEA

groups (5–10 ng/ml and[ 10 ng/ml) and in a 1:2 ratio

between the elevated and non-elevated groups (B 5 ng/ml),

with a caliper of 0.05.

Results. After exclusion and matching, 3857 patients had

preoperative CEA levels B 5 ng/ml, 1121 patients had

CEA levels between 5 and 10 ng/ml, and 1121 patients had

CEA levels[ 10 ng/ml. Elevated preoperative CEA

showed an increased risk of overall survival (5–10 ng/ml:

hazard ratio [HR] 1.376;[ 10 ng/ml: HR 1.523; both

p\ 0.001), cancer-specific survival (5–10 ng/ml: HR

1.404;[ 10 ng/ml: HR 1.712; both p\ 0.001), and

recurrence free interval (5–10 ng/ml: HR 1.190;[ 10 ng/

ml: HR 1.468; both p\ 0.05). Patients with negative

lymph node staging (LNs) and CEA[ 10 ng/ml, as well as

those with positive LNs and CEA B 5 ng/ml, showed

similar overall survival (5-year survival: 72% vs. 69%;

p = 0.542) and recurrence free intervals (19.9 vs.

21.72 months; p = 0.662).

Conclusions. A preoperative CEA level can be an inde-

pendent prognostic factor for stage I–III CRC after curative

resection. Patients with negative LNs and preoperative

CEA level[ 10 ng/ml should be considered for intensive

follow-up or adjuvant chemotherapy.

Colorectal cancer (CRC) is the third most common

cancer in men, the second most common cancer in women,

and the fourth most common cause of cancer-related death

worldwide.1,2 Carcinoembryonic antigen (CEA) is a gly-

coprotein that was first described in 1965 as an antigen

present in both fetal colon and colon adenocarcinoma.3 It is

a member of the immunoglobulin supergene family

expressed in normal mucosa cells with the biological

function of cell recognition or adhesion mechanisms.4 In

CRC patients, disruption of normal tissue structure and loss

of polarization of neoplastic cells causes expression of

CEA over the entire cell surface, causing its secretion into

the blood, eventually increasing the serum CEA level.5

In earlier reports, elevated serum CEA levels[ 5.0 ng/

ml have been shown to have an adverse impact on CRC

prognosis.6–8 Early in 2000, the American Joint Committee

on Cancer (AJCC) proposed a C stage to indicate CEA

levels C 5 ng/ml, in addition to the TNM staging of CRC; 9

however, this proposal has not currently been adopted

because of the lack of long-term data to estimate the survival

of each AJCC stage with the inclusion of the C stage.

Nonetheless, different cut-off values of preoperative CEA

values were suggested, ranging from 2.5 to 50 ng/ml; 5 ng/

ml was mainly used, with a mostly significant outcome

difference.10–21
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CEA is also overexpressed in other cancers, including

those of the pancreas, lung, prostate, urinary bladder,

ovary, and breast,5,22,23 and can also be elevated in some

non-malignant conditions, such as cirrhosis, ulcerative

colitis, chronic renal failure, hypothyroidism, and pancre-

atitis, and on cigarette smoking.24–27 Therefore, it is

suggested that the CEA level be adjusted for confounding

factors before interpretation.

Although CEA is not a disease-specific marker, it is

widely used as a tumor marker to monitor recurrence or to

evaluate response to treatment in adenocarcinoma

patients.28 Serial CEA measurement has proven both safe

and effective for detecting recurrence after curative

resection of tumor, especially for CRC.29 Moreover,

changing between the preoperative and postoperative CEA

levels is also suggested as an indicator of higher recurrence

rate. Konishi et al.30 reported that a cohort study on stage

I–III CRC with curative surgery showed worst recurrence-

free survival for both elevated preoperative and postoper-

ative serum CEA, but similar recurrence survival between

normalized postoperative CEA and the non-elevated group.

However, another cohort study conducted by Tokodai

et al.31 showed preoperative rather than postoperative CEA

elevation (5 ng/ml) was related to a higher recurrence rate

in stage III CRC, but not stage II CRC.

Recently, the prognostic impact of preoperative CEA

elevation on CRC was re-evaluated according to recent

population-based studies, with significantly increased

overall and cancer-specific mortality in patients with a

preoperative CEA level[ 5 ng/ml or up to two times the

normal cut-off value.21,32,33 Our previous report also

showed that a CEA level[ 5 ng/ml was an independent

prognostic factor for poor overall survival (OS) in 8861

consecutive stage I–IV CRC patients.15

This current study aimed to evaluate the prognostic

impact of CEA levels in patients with stage I–III CRC who

underwent curative surgery, with adjustment of other non-

malignant conditions associated with the influence of CEA

levels.

MATERIALS AND METHODS

Data were collected from our prospective database

based on a single medical center (Chang Gung Memorial

Hospital, Linkou, Taiwan). Between 1 January 1995 and 31

December 2010, all consecutive stage I–III CRC patients

were included and analyzed. All patients underwent routine

preoperative evaluations, such as computerized tomogra-

phy of the chest, abdomen, and pelvis, and their CEA data

were collected. Postoperative follow-up visits were arran-

ged on the basis of a standardized protocol. All recurrence

and other primary cancer sites were recorded prospectively,

along with disease status, date, and cause of mortality.

Patients were classified into three different groups on the

basis of their serum CEA levels (B 5 ng/ml, 5–10 ng/ml,

and[ 10 ng/ml). This study was approved by the Chang

Gung Medical Foundation Institutional Review Board (IRB

No. 201601423B0).

Statistical significance was analyzed using SPSS ver-

sion 17.0 (SPSS Inc., Chicago, IL, USA). Pearson’s Chi

square test was used to analyze categorical variables, and

an independent samples t test was used to analyze the mean

variables. Propensity score matching was carried out using

covariates such as age, sex, diabetes, smoking, serum

creatinine[ 2 mg/dl, liver cirrhosis, adjuvant chemother-

apy, TNM stage, histological type, and tumor

diameter[ 4.5 cm. The Kaplan–Meier method was used to

analyze OS and recurrence free interval (RI) in patients

with recurrence, and a log-rank test p-value\ 0.05 was

considered a statistically significant difference in survival

between groups. The Cox proportional hazards model was

used for multivariate analyses of clinicopathological fac-

tors, with a p-value\ 0.05 defined as statistically

significant.

RESULTS

A total of 9634 patients with stage I–III CRC were

included in this study. Non-curative resection cases that

were not new or were secondary primary cases, were of

non-colorectal origin or pathology, and that lacked preop-

erative CEA or preoperative serum creatinine data were

excluded. For the remaining cases, propensity score

matching was performed twice, with a 1:1 ratio between

the two elevated CEA groups (5–10 ng/ml and[ 10 ng/ml)

and a 1:2 ratio between the matched elevated and non-

elevated groups, with a caliper of 0.05. After exclusion and

matching, 6099 matched cases were identified, with a mean

follow-up 82.61 months and a maximal follow-up

183 months (Fig. 1). With the exception of advanced age,

diabetes, serum creatinine level[ 2 mg/dl, and a higher

rate of mucinous adenocarcinoma, the elevated preopera-

tive CEA levels were still significantly related to advanced

age, TNM staging, smoking habits (including previous

smokers and current smokers), and tumor diame-

ter[ 4.5 cm after matching (Table 1). Poor OS was

proportional to CEA elevation in both lymph node staging

(LNs) groups (5-year OS of patients with negative LNs:

CEA B 5 ng/ml: 83%, CEA 5–10 ng/ml: 77%, CEA[
10 ng/ml: 72%; 5-year OS of patients with positive LNs:

CEA B 5 ng/ml: 69%, CEA 5–10 ng/ml: 56%, CEA[
10 ng/ml: 50%), but a significant difference was only

found between CEA B 5 ng/ml and CEA[ 10 ng/ml

within both LNs groups. Moreover, similar OS was found

1686 S.-H. Huang et al.



between patients with positive LNs and CEA B 5 ng/ml,

and patients with negative LNs and CEA[ 10 ng/ml

(p = 0.542) (Fig. 2a). Poor oncologic outcome was also

correlated to CEA elevation. There was a significant dif-

ference in cancer-specific survival (CSS) among different

CEA levels for both the positive and negative LN groups

(5-year CSS of patients with negative LNs: CEA B 5 ng/

ml: 92%, CEA 5–10 ng/ml: 87%, CEA[ 10 ng/ml: 82%;

5-year CSS of patients with positive LNs: CEA B 5 ng/ml:

75%, CEA 5–10 ng/ml: 65%, CEA[ 10 ng/ml: 56%),

except between the groups with CEA levels of 5–10 ng/ml

and[ 10 ng/ml in the positive LNs group (p = 0.064)

(Fig. 2b). For patients with recurrence, the recurrence free

interval of patients with positive LNs was significantly

shorter in proportion to CEA levels (CEA B 5 ng/ml:

21.72, CEA 5–10 ng/ml: 18.17, and CEA[ 10 ng/ml:

13.58 months; p\ 0.05 between each group), but was only

significant in the negative LNs group between CEA B 5

ng/ml and CEA[ 10 ng/ml (24.65 vs. 19.90 months;

p = 0.036). As with OS, the RI was similar between the

groups of patients with negative LNs and CEA[ 10 mg/

ml, and patients with positive LNs and CEA\ 5 ng/ml

(19.9 vs. 21.72 months; p = 0.662) [Fig. 2c]. With regard

to first metastatic sites and their correlation to CEA levels,

a higher rate of bone metastasis was found in the group of

patients with non-elevated CEA than the two groups of

patients with elevated CEA (8.1% vs. 5.8% and 5.5%;

p = 0.027) [Table 2].

After adjusting for other clinicopathological factors,

multivariate regression analysis showed a significantly

higher hazard ratio (HR) associated with elevated serum

CEA levels in OS (HR 1.376 and 1.523), CSS (HR 1.404

and 1.712), and RI (HR 1.190 and 1.468), with a p-

value\ 0.01 (Table 3).

DISCUSSION

In our results, preoperative CEA elevation is an inde-

pendent factor for poor prognosis, even after adjusting for

benign factors related to CEA elevation. Our results also

revealed that patients with a CEA level[ 10 ng/ml had

significantly shorter RI on recurrence, indicating that CEA-

producing tumors had higher metastatic potential. Animal

experiments showed that metastatic ability was decreased

by[ 50% in mice following CEA knockdown, which

implied its influence on metastatic progression.34 Our data

supported other findings that, in addition to other onco-

logical factors, CEA elevation was also an independent risk

factor of metastasis, indicating the feasibility of using

adjuvant chemotherapy for CRC patients after curative

surgery.

A consecutive case series from our
prospective database of colorectal

cancer from 1995 to 2010

9634 patients with stage I to III
colorectal cancer 

7806 patients with stage I to III
colorectal cancer with curative

resection

CEA > 10 ng/ml N = 1554
10 > CEA> 5 ng/ml N = 1226

CEA < 5 ng/ml N = 5026

Caliper 0.05
Ratio (CEA > 10 and 10 > CEA > 5 ng/ml ): 1:1

Ratio (elevated v.s. non-elevated): 1:2

CEA > 10 ng/ml N = 1121
10 > CEA > 5 ng/ml N = 1121

CEA < 5 ng/ml N = 3857
Follow-up time: mean 82.61 months, median 85.7 months, maximum 183 months

Propensity score matching

N = 264 Non-curative resection
N = 3     Not new or secondary primary cases
N = 917 Non-colorectal origin
N = 59   Non-CRC in pathology
(lymphoma, sarcoma, GIST or squamous cell carcinoma)
N = 315 No Pre-OP CEA data
N = 270 No Pre-OP Creatinine data

FIG. 1 Study population. CEA

carcinoembryonic antigen

CEA in Stage I–III Colorectal Cancer 1687
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A population-based study with a total of 16,619 CRC

patients reported that patients with preoperative CEA[ 5

ng/ml were independently associated with an increased risk

of cancer-specific mortality and poorer prognosis in each

AJCC stage;32 however, that study had some limitations,

such as the lack of adjustment for benign factors of CEA

elevation, heterogeneity of staging, and type of operation

(including curative or palliative resection), with no men-

tion of RI. Another population-based study with 137,381

stage I–III colon cancer patients also showed that an ele-

vated CEA level had a 62% increase in the hazard of death

compared with patients with a normal CEA level, but

nearly 50% of enrolled patients lacked preoperative CEA

data.21 Ozawa et al.33 reported a 144% increase in the

hazard of recurrence with stage I CRC, 42% with stage II

CRC, and 67% with stage III CRC, with elevation of the

CEA level after curative resection; however, the cut-off

value was different between each participating institute.

After all, these three observational studies were all sup-

portive of the inclusion of CEA level as another high-risk

feature that clinicians can use to counsel patients regarding

adjuvant chemotherapy, especially for stage II

patients.21,32,33

Generally, the cut-off level of 5 ng/mL was used to

define CEA elevation, but some studies showed different

optimal cut-off levels for recurrence prediction at different

stages. Takagawa et al.35 reported that the optimal cut-off

value for preoperative serum CEA levels was 10 ng/ml in

638 stage I–III CRC patients. Relapse-free survival

between CEA levels[ 10 ng/ml and\ 10 ng/ml signifi-

cantly differed in patients with stage II and III CRC, but

not in stage I CRC patients after curative surgery. Kim

et al.17 reported an optimal cut-off level of 6 ng/ml for

stage IIa CRC patients who underwent curative surgery,

with poor 5-year disease-free survival and OS. Moreno

Garcı́a et al. reported a cut-off value of 2.5 ng/ml in stage

I–III rectal cancer patients who underwent both chemora-

diotherapy and surgery, which showed an insignificant HR

in OS and cancer-free survival;10 however, both cut-off

values were limited to certain subgroups, which limits their

application.

In the current study focused on stage I–III patients who

underwent curative surgery between 1995 and 2010, we

collected 7806 consecutive cases, with less bias caused by

cross-sectional heterogeneity of treatment, follow-up

interval, and CEA measurements compared with those

studies based on nationwide cancer databanks. Our findings

not only revealed that preoperative CEA was an indepen-

dent prognostic factor of OS and CSS, but that the HR also

significantly increased gradually from normal CEA levels,

CEA levels between 5 and 10 ng/ml, to CEA levels[ 10

ng/ml. CEA levels[ 10 ng/ml were significantly associ-

ated with shorter poor OS and RI of patients and wereT
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comparable with the reports by Ozawa et al. and Takagawa

et al.33,35 Tumors with a higher preoperative CEA level had

more rapid development of metastasis if occurred.

Although National Comprehensive Cancer Network

guidelines did not include elevated serum CEA levels as a

high-risk factor because previous randomized trials did not

account for CEA levels in risk stratification for adjuvant

therapy,36–38 recent studies, as well as our findings, have

provided more evidence to support the inclusion of C stage

into stage-specific prognostic data that can be applied to

intensive postoperative follow-up and aggressive adjuvant

chemotherapy. In stage I and II CRC patients, the standard

treatment is surgical resection alone, while adjuvant

therapy is reserved for patients with high-risk factors,

including tumors with poorly differentiated histology,

lymphovascular invasion, obstruction, perforation,\ 12

LNs examined, and close/positive margins.39 Besides these

traditional clinicopathological factors, preoperative CEA

elevation should also be considered a high-risk factor of

metastasis, especially CEA levels[ 10 ng/ml; however,

further randomized trials are necessary to prove the

application of adjuvant chemotherapy, depending on pre-

operative CEA levels.

CEA elevation also occurs in benign conditions. Several

recent studies have investigated the association of CEA

with multiple non-malignant factors for the improvement
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TABLE 2 First metastatic site between patients with different serum CEA levels after propensity score matching

CEA B 5 5\CEA B 10 CEA[ 10 p-Value

No. of cases 896 378 440

Multiple metastasis 228 (25.4) 94 (24.9) 98 (22.3) 0.440

Lung 280 (31.3) 114 (30.2) 133 (30.2) 0.263

Liver 318 (35.5) 145 (38.4) 151 (34.3) 0.873

Anastomosis 103 (11.5) 45 (11.9) 51 (11.6) 0.218

Pelvic organ 136 (15.2) 56 (14.8) 66 (15.0) 0.305

Intra-abdominal 67 (7.5) 28 (7.4) 25 (5.7) 0.756

Retroperitoneum 70 (7.8) 21 (5.6) 40 (9.1) 0.535

Bone 73 (8.1) 22 (5.8) 24 (5.5) 0.027

Brain 25 (2.8) 12 (3.2) 4 (0.9) 0.189

Kidney 5 (0.6) 2 (0.5) 2 (0.5) 0.298

Data are expressed as n (%)

CEA carcinoembryonic antigen

TABLE 3 Multivariate regression analysis of survival

Overall survival Cancer-specific survival Recurrence free interval

HR p-Value HR p-Value HR p-Value

CEA level

CEA B 5 ng/ml Ref Ref Ref

5\CEA B 10 ng/ml 1.376 \ 0.001 1.404 \ 0.001 1.190 0.006

CEA[ 10 ng/ml 1.523 \ 0.001 1.712 \ 0.001 1.468 \ 0.001

T stage

1 Ref Ref Ref

2 1.171 0.337 1.792 0.193 1.234 0.538

3 1.550 0.003 3.754 \ 0.001 1.196 0.577

4 2.150 \ 0.001 5.811 \ 0.001 1.470 0.230

N stage

0 Ref Ref Ref

1a 1.796 \ 0.001 2.265 \ 0.001 1.333 \ 0.001

1b

2a

2.057 \ 0.001 2.820 \ 0.001 1.289 0.001

2.745 \ 0.001 4.226 \ 0.001 1.312 0.001

2b 4.280 \ 0.001 7.083 \ 0.001 1.667 \ 0.001

Histological type

Adenocarcinoma Ref Ref Ref

Signet ring cell carcinoma 1.751 0.002 2.214 \ 0.001 0.708 0.083

Mucinous adenocarcinoma 0.954 0.581 1.051 0.633 0.790 0.017

Poor differentiation 1.140 0.129 1.191 0.095 1.622 \ 0.001

Chemotherapya 0.519 \ 0.001 0.634 \ 0.001 0.833 0.001

Lymph nodes\ 12b 1.574 \ 0.001 1.580 \ 0.001 1.130 0.049

Tumor diameter[ 4.5 cm 0.925 0.073 0.806 \ 0.001 1.043 0.420

Smokingc 1.273 \ 0.001 1.184 0.002 0.899 0.033

Creatinine[ 2 mg/dl 1.951 \ 0.001 1.010 0.958 0.909 0.581

Liver cirrhosis 2.018 \ 0.001 1.343 0.379 1.591 0.146
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of CEA measurement accuracy. A retrospective, cross-

sectional study that included 18,131 healthy non-smokers

reported that a CEA level C 1.6 ng/ml, compared with a

CEA level\ 0.8 ng/ml, had a positive correlation with

age, creatinine, and glycosylated hemoglobin.40 Another

study that was also based on a healthy population reported

a positive association between the elevation of serum CEA

and age, fasting glucose, cigarette smoking, and alcohol

consumption. The average CEA level was 3.86 ng/ml, with

a range of 0.10–61.20 ng/ml in that study.41 Both studies

indicated that these metabolic factors, as well as lifestyle,

influenced CEA levels, but the elevation of CEA levels by

benign factors was rarely[ 10 ng/ml, which also implied

that non-malignant conditions did not influence the prog-

nostic impact of preoperative CEA, especially for CEA

levels[ 10 ng/ml.

According to our study, the main locations of metastasis

showed no obvious difference between patients with dif-

ferent CEA levels, except for bone metastasis, which was

higher in patients with normal CEA levels. Studies on CRC

bone metastasis and CEA are limited, and the small num-

ber of cases of bone metastasis may cause statistical bias in

our study. A retrospective study that enrolled 516 CRC

patients who underwent curative surgery reported that a

higher risk of metachronous bone metastasis was observed

in patients with LN involvement and tumors of rectal ori-

gin. However, patients with a serum CEA level of[ 5 ng/

ml showed no difference (p = 0.600) in bone metastasis,

and data for patients with a CEA level of[ 10 ng/ml was

lacking in this study.42 Therefore, further studies are nec-

essary to elucidate the relationship between CEA and bone

metastasis.

There are several limitations to this study. Although

matched using the propensity score method, a retrospective

study may still cause bias during data collection and as a

result of factors not considered during enrolment. Although

a longer period of collection (1995–2010) may ensure a

larger sample and long-term outcome, the treatment

method and staging classification may be different across

the entire duration of collection due to changes in treatment

modalities, such as the addition of oxaliplatin to the

5-fluorouracil-based regimen as adjuvant chemotherapy,

the introduction of various minimally invasive methods of

resection, and the different staging systems, such as N1c

staging.

CONCLUSION

Elevation of preoperative CEA levels is an independent

prognostic factor in both overall and oncological outcomes

of CRC patients after curative intent surgery. Therefore, a

more intense follow-up, or adjuvant chemotherapy, should

be considered, particularly in patients with negative LN

staging and preoperative CEA[ 10 ng/ml.
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