
Abstract. Background: The purpose of this study was to
evaluate the significance of the combination of the
carcinoembryonic antigen (CEA) and carbohydrate antigen
19-9 (CA19-9) levels as a prognostic indicator and for
monitoring for recurrence and metastasis after potentially
curative surgery for patients with stage II colorectal cancer.
Patients and Methods: A total of 238 patients with stage II
colorectal cancer who underwent potentially curative surgery
were enrolled in the study. A high CEA level was defined as
a level exceeding 5 ng/ml and a high CA19-9 level was
defined as a level exceeding 37 U/ml. Results: Out of these
238 patients, 92 (38.7%) patients had high CEA levels, 23
(9.7%) patients had high CA19-9 levels and 15 (6.3%)
patients had both high CEA and CA19-9 levels. The disease-
free and overall survival rates were significantly worse in
patients with both a high CEA level and high CA19-9 level.
Tumor marker(s) elevated before the operation tended to be
elevated again at the time of relapse. Conclusion: The
combination of preoperative CEA and CA19-9 levels was
useful for predicting the prognosis and for monitoring
recurrence and metastasis after potentially curative surgery
in patents with stage II colorectal cancer.

Although the benefit of adjuvant chemotherapy for stage III
colorectal cancer has been established (1-3), the efficiency
of adjuvant chemotherapy for stage II colorectal cancer
remains controversial (4-7). According to the European and

America guidelines (8-10), patients at high risk of recurrence
after curative surgery for stage II colorectal cancer should
undergo adjuvant chemotherapy. However, the definitions of
high-risk patients differ in each guideline. 

Carcinoembryonic antigen (CEA) has been used as a
tumor marker for the diagnosis and surveillance of colorectal
cancer (11-13), and CEA is considered to be a risk factor for
recurrence in patients with stage II colorectal cancer in the
European Society of Medical Oncology (ESMO) guidelines
(8). Carbohydrate antigen 19-9 (CA19-9) has also been
reported as a prognostic factor for colorectal cancer (14, 15).
Therefore, the combination of these two tumor markers may
provide a more sensitive biomarker for colorectal cancer.

The aim of the present study was to evaluate the
prognostic significance of the combination of the
preoperative CEA and CA19-9 levels in patients with stage II
colorectal cancer. We also sought to clarify the correlation
between the tumor marker levels and the site of recurrence
or metastasis. Furthermore, we also considered the
correlation between the values of preoperative tumor markers
and the values at the time of relapse.

Patients and Methods
Patients. We retrospectively reviewed a database of 238 patients who
had undergone curative surgery for stage II colorectal cancer in the
Department of Surgical Oncology of Osaka City University between
2002 and 2009. Curative surgery was defined as the absence of any
gross residual tumor from the surgical bed and a surgical resection
margin which was pathologically negative for tumor invasion. Patients
who received preoperative therapy were excluded from the analysis.

The patient population consisted of 138 males and 100 females,
with a median age of 68 (range=32 to 90) years. One hundred and
forty patients had tumors located in the colon and 98 had tumors
located in the rectum.

All patients were followed-up regularly with physical and blood
examinations and mandatory screening using colonoscopy and
computed tomography until December 2013 or until death. A total of
patients 32 patients developed recurrent disease and nine patients died.
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The resected specimens were pathologically classified according
to the seventh edition of the Union for International Cancer Control
TNM classification of malignant tumors (16). The serum CEA and
CA19-9 levels were measured using radioimmunoassay methods
(Abbott, Chiba, Japan) (17, 18). The limit of detection of CEA was
0.5 ng/ml and that of CA19-9 was 2 U/ml. A high CEA level was
defined as a level exceeding 5 ng/ml, and a high CA19-9 level was
defined as a level exceeding 37 U/ml, according to the guidelines
defined by the manufacturer of the test kit.

The significance of the correlations between the preoperative
CEA/CA19-9 and the clinicopathological characteristics was analyzed
using the χ2 test. The duration of survival was calculated according
to the Kaplan–Meier method. Differences in the survival curves were
assessed with the log-rank test. All statistical analyses were performed
using the SPSS software package for Windows (SPSS Japan, Tokyo,
Japan). Statistical significance was set at p<0.05.

Results
Out of the 238 patients, 92 (38.7%) patients had a high CEA
level, 23 (9.7%) patients had a high CA19-9 level and 15
(6.3%) patients had both a high CEA and a high CA19-9
level. The correlations between the preoperative CEA/CA19-
9 levels and the clinicopathological parameters are shown in
Table I. A high CEA level did not exhibit a significant
relationship with any of the clinicopathological parameters
examined. A high CA19-9 level had a significant relationship
only with tumor depth.

An assessment of the prognosis showed that the overall
survival was significantly worse in patients of the high-CEA
group, and the same result was obtained for CA19-9 (Figure 1). 

We defined the tumor marker score (TMS) as follows:
Patients with both a high CEA level and a high CA19-9
level were allocated a score of 2. Patients in whom only one
marker (CEA or CA19-9) was high were allocated a score
of 1. Patients with normal CEA and CA19-9 levels were
allocated a score of 0. Figure 2 shows the survival curves of
the patients sub-divided on the basis of their TMS. Although
no significant difference was observed between the TMS 0
and TMS 1 groups (p=0.2768), the TMS 2 group had a
significantly worse prognosis than the patients in the TMS 1
group (p=0.0043). Therefore, we divided the patients into
two groups; those with TMS 0 or 1 (group A) and those
with TMS 2 (group B). The disease-free and overall survival
rates were significantly worse in group B than in group A
(Figure 3).

The correlations between the overall survival and the
various clinicopathological factors are shown in Table II.
According to a univariate analysis, overall survival exhibited
a significant relationship only with the TMS. 

The correlations between the preoperative CEA/CA19-9
levels and the site of recurrence are shown in Table III, and
the correlations between the CEA/CA19-9 levels at the time
of relapse and the site of recurrence are provided in Table
IV. No significant differences in these parameters were
observed based on the levels of the tumor markers.

The correlation between the preoperative CEA/CA19-9
levels and the CEA/CA19-9 levels at the time of relapse is
shown in Table V. The tumor marker level that was elevated
before the operation tended to be elevated again at the time
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Table I. The correlations between the preoperative Carcinoembryonic antigen (CEA)/Carbohydrate antigen 19-9 (CA19-9) levels and
clinicopathological parameters.

CEA (>5 ng/ml) CA19-9 (>37U/ml)

Negative (N=146) Positive (N=92) p-Value Negative (n=215) Positive (n=23) p-Value

Tumor depth
T1-3 169 106 63 159 10
T4 69 40 29 0.558 56 13 0.006

Tumor diameter
<5 cm 129 79 50 118 11
≥5 cm 108 67 41 1.000 96 12 0.518

Histology
Well, moderately 223 135 88 201 22
Poorly, mucinous 15 11 4 0.417 14 1 1.000 

Lymphatic involvement
Negative 93 60 33 88 5
Positive 145 86 59 0.495 127 18 0.114 

Venous involvement
Negative 205 126 79 187 18
Positive 33 20 13 1.000 28 5 0.335 

Number of dissected lymph nodes
<12 200 124 76 180 20
≥12 38 22 16 0.717 35 3 1.000 



of relapse. Similarly, the tumor markers which exhibited a
normal level were also normal at the time of relapse.

Discussion

CEA and CA19-9 are the most well-known and most
commonly used tumor markers for colorectal cancer. CEA is
a complex glycoprotein that plays a role as an inter-cellular
adhesion molecule (19). CA19-9 is the carbohydrate
determinant that functions as an adhesion molecule and plays
a role in the process of tumor progression (20).

These tumor markers have been used for diagnostic and
surveillance purposes (21-23). Furthermore, in some
previous reports, the significance of these tumor markers as
prognostic factors was reported (15, 24-27). However, as

CEA is included in the risk factors for stage II colorectal
cancer in the ESMO guidelines (8), but is not included in the
American Society of Clinical Oncology (ASCO) or the
National Comprehensive Cancer Network (NCCN)
guidelines (9, 10), its utility as a prognostic factor remains
controversial.
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Figure 1. The Kaplan–Meier survival curves of the patients based on the preoperative Carcinoembryonic antigen (CEA) and Carbohydrate antigen
19-9 (CA19-9) levels. The overall survival was significantly worse in the patients with a high CEA level (p=0.0140) (A) and in the patients with a
high CA19-9 level (p=0.0025) (B). 

Figure 2. Kaplan–Meier survival curves of patients subdivided on the
basis of their tumor marker score (TMS). Although no significant
difference was observed between the TMS 0 and TMS 1 groups
(p=0.2768), patients with TMS 2 had a significantly worse prognosis
than the patients with TMS 1 (p=0.0043).

Table II. The correlations between the overall survival and the various
clinicopathological factors.

Variable Hazard 95% CI p-Value
ratio

Tumor depth (T4) 1.105 0.276-4.424 0.888
Tumor diameter (>5cm) 2.286 0.571-9.149 0.242
Lymphatic involvement (Positive) 0.479 0.128-1.788 0.273
Venous involvement (Positive) 0.691 0.086-5.526 0.727
Histological type (poorly, Mucinous) 1.117 0.262-4.758 0.881
Number of dissected lymph nodes (<12) 0.669 0.083-5.398 0.706
Tumor marker score (2) 10.553 2.820-39.494 <0.001

CI: Confidence interval. 



In the present study, although levels of both CEA and
CA19-9 were prognostic factors in patients with stage II
colorectal cancer, no significant differences were observed
in the disease-free survival for CEA. However, for both the
overall and disease-free survival, significant differences were
observed for the combination of CEA and CA19-9.

The significance and utility of monitoring the serum CEA
and CA19-9 levels to detect and exclude a recurrence of

colorectal cancer after potentially curative surgery have been
reported in previous studies (11, 28). However, both tumor
markers do not necessarily increase in all cases; sometimes
only one of the two tumor markers increases. In the present
study, the tumor marker which was elevated before the
operation tended to be elevated again at the time of relapse.
For patients with an elevation of only one out of two
markers, it may be possible to increase the accuracy for
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Figure 3. The Kaplan–Meier survival curves of the patients in the different tumor marker score (TMS) groups. The group A consists of patients with
TMS 0 or 1 and the group B consists of those with TMS 2. The disease-free survival was significantly worse in group B (p=0.0339) (A). (B) The
overall survival was also significantly worse in group B (p<0.0001).

Table IV. The correlations between the carcinoembryonic antigen
(CEA)/carbohydrate antigen 19-9 (CA19-9) levels at the time of relapse
and the site of recurrence.

CEA (>5 ng/ml) CA19-9 (>37 U/ml)

Negative Positive p-Value Negative Positive p-Value

Liver metastasis
Negative 6 7 9 2
Positive 6 10 0.716 9 5 0.407

Lung metastasis
Negative 8 14 15 6
Positive 4 3 0.403 3 1 1.000

Local recurrence
Negative 10 12 13 6
Positive 2 5 0.665 5 1 0.637 

Peritoneal 
dissemination

Negative 11 15 15 7
Positive 1 2 1.000 3 0 0.534

Table III. The correlations between the preoperative carcinoembryonic
antigen (CEA)/carbohydrate antigen 19-9 (CA19-9) levels and the site
of recurrence.

CEA (>5 ng/ml) CA19-9 (>37 U/ml)

Negative Positive p-Value Negative Positive p-Value

Liver metastasis
Negative 10 6 12 4
Positive 9 8 0.728 14 3 0.688

Lung metastasis
Negative 15 12 23 4
Positive 4 3 1.000 4 3 0.135

Local recurrence
Negative 14 10 19 5
Positive 4 4 0.703 6 2 1.000 

Peritoneal 
dissemination

Negative 16 13 23 6
Positive 2 1 1.000 2 1 0.536



detecting recurrence or metastasis by using both tumor
markers for surveillance. As mentioned above, the diagnostic
and prognostic utility are considered to be increased by using
both CEA and CA19-9. 

In conclusion, the combination of preoperative CEA and
CA19-9 levels was useful for predicting prognosis in patients
with stage II colorectal cancer. This information contributed
to the identification of patients who were at high risk of
recurrence and were recommended to receive adjuvant
chemotherapy after potentially curative surgery. Furthermore,
the combination of the preoperative levels of CEA and
CA19-9 was also useful for detecting and exclude a
recurrence or metastasis of colorectal cancer after a
potentially curative operation.
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