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Abstract. The aim of the present study was to investigate
the value of combined detection of serum carcino-embryonic
antigen (CEA), carbohydrate antigen (CA) 19-9 and cyclooxy-
genase-2 (COX-2) in the diagnosis of colorectal cancer. A total
of 50 patients with colorectal cancer were selected as Group A
and 50 healthy subjects as the control group. A sample of 2 ml
fasting venous blood was drawn from patients in each group,
and serum CEA, CA19-9 and COX-2 were detected using
electrochemiluminescence analyzer and ELISA. Receiver
operating characteristic curve analysis was performed on
analyze the sensitivity and specificity of diagnostic methods
for colorectal cancer patients at different stages. The expres-
sion levels of CEA, CA199 and COX-2 in the cancer patients
group were significantly higher than those in the healthy
group (P<0.05). The coincidence rates of CEA, CA199, COX-2
and combined detection were 56.0, 64.0, 62.0 and 88.0%,
respectively. The coincidence rate of combined detection was
significantly higher than that of diagnosis using a single factor
(P<0.05). Sensitivity of combined detection of colorectal
cancer patients with stage I, I, IIT and IV were 82.9, 85.3, 86.4
and 88.7%, respectively. The specificities were 65.3, 68.7, 57.8
and 58.6%, respectively. Thus, CEA, CA199 and COX-2 in
serum are highly expressed in colorectal cancer patients, and
may useful as effective indicators for the early diagnosis of
colorectal cancer.

Introduction

Colorectal cancer refers to the cancer from the dentate line to
the rectosigmoid junction, which is one of the most common
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malignant tumors of the digestive tract (1). With the fast-paced
development of society and the increase in life pressure, the
incidence rate of colorectal cancer has been increased year by
year. Colorectal cancer often occurs in patients aged above
46 years old, whose incidence rate in young people has shown
an increasing trend in recent years (2,3). Colorectal cancer in
early stage has no obvious symptoms, so most of patients have
been in the advanced stage diagnosed with the survival rate
below 28% because they do not pay much attention to it in
early stage (4).

At present, serum carcino-embryonic antigen (CEA),
carbohydrate antigen (CA) 19-9 and cyclooxygenase-2
(COX-2) are the most commonly-used indexes in the clinical
diagnosis of colorectal cancer, but they are all non-specific
antigens. The accuracy and sensitivity of diagnosis based
on a single indicator are usually unsatisfactory. Therefore,
combined detection is usually in clinical studies to improve
the diagnostic accuracy of the tumor. Handy (5) reported that
the combination of CEA, CA199 and COX-2 can significantly
improve the accuracy of the diagnosis of gastric cancer with
high accuracy. Therefore, we assumethat the combination of
CEA, CA199 and COX-2 may can also increase the diagnostic
sensitivity and specificity for colorectal cancer, which has not
been reported by previous studied. Therefore, our study aimed
to investigate the diagnostic value of the combination of CEA,
CA199 and COX-2 for colorectal cancer.

Materials and methods

Objects of study. A total of 50 patients with colorectal cancer
admitted to our hospital from August 2013 to August 2016
were selected serve as cancer group. Those patients included
32 males and 18 females, with an average of 52.8+1.8 years.
According to the guideline of staging of colorectal cancer
in the United States in 2010, there were 12 cases in stage I,
15 cases in stage II, 13 cases in stage III and 10 cases in
stage I'V. As the same this 50 healthy people were also selected
to serve as control group. Control group included 31 males and
19 females, with an average of 51.3+2.7 years.

Inclusion and exclusion criteria. Inclusion criteria: Patients
aged from 40 to 60 years; patients with colorectal cancer
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Table I. Clinical data of patients with colorectal cancer and those with benign lesions.

Patients with colorectal

Patient with benign

Characteristics cancer [n (%)] lesion [n (%)] P-value

Sex 0.446
Male 32 (64.0) 31 (62.0)
Female 18 (36.0) 19 (38.0)

Age, years 0.328
<40 29 (58.0) 30 (60.0)
>40 21 (42.0) 20 (40.0)

Tumor size, mm 0.201
<8 26 (52.0) 17 (34.0)
>8 24 (48.0) 33 (66.0)

Smoking 0.285
Yes 28 (56.0) 39 (78.0)
No 16 (44.0) 11 (22.0)

Drinking 0.364
Yes 21 (42.0) 17 (34.0)
No 29 (58.0) 33 (66.0)

Sleep 0.276
Early 26 (52.0) 30 (60.0)
Late 24 (48.0) 20 (40.0)

Exercise 0.288
Yes 22 (44.0) 32 (64.0)
No 28 (56.0) 18 (36.0)

Taste preference 0.316
Light 18 (36.0) 21 (42.0)
Greasy 32 (64.0) 29 (58.0)

TNM staging 0.168
Stages I and 11 39 (78.0) 48 (96.0)
Stages III and IV 11 (22.0) 2 (4.0)

Pathological staging 0.207
Stages I and 11 36 (0.72) 50 (100.0)
Stages III and IV 14 (0.28) 0

related pathological conditions confirmed by pathological
examination; patients received no surgical operations,
chemotherapy, hormones and other treatment before admis-
sion; patients with complete clinical data. Exclusion criteria:
patients with other vital organs disease; patients with inflam-
mation; patients with a history of other types of tumors;
pregnant women; patients with autoimmune diseases;
dipsopathy and crapulent patients. The present study was
approved by the Ethics Committee of the Second People's
Hospital of Shenzhen (Shenzhen, China). All patients signed
written informed consent.

Methods. A total of 2 ml fasting venous blood was drawn from
patients in each group using the pro-coagulation tube, placed
at room temperature for 1 h and centrifuged at 3,000 x g for
5 min using a centrifugal machine. The supernatant was taken
and divided into two pieces. Serum CEA and CA19-9 in one

piece were detected and analysed using the full-automatic
chemiluminiscence immunoassay analyzer (Shanghai
Honglian Medical Tech Co., Ltd., Shanghai, China) and its
supporting reagents; CEA >5 U/ml and CA19-9 >37 U/ml
indicted the positive results. COX-2 in the other piece was
detected via enzyme-linked immunosorbent assay (ELISA)
using the ELISA kit (Thermo Fisher Scientific, Inc., Waltham,
MA, USA) and its supporting reagents. Patients with posi-
tive CEA, CA19-9 and COX-2 were diagnosed as positive.
According to Ng et al (6), the cut-off level of COX-2 was set
as 52.00 ng/ml.

Statistical analyses. SPSS 22.0 software (IBM Corp.,
Armonk, NY USA) was used to analyze the data. Count data
were expressed as rate. Measurement data were expressed as
the mean + standard deviation, t-test was used to compare
the data between groups, and analysis of variance with a
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Table II. Comparisons of expression levels of serum CEA, CA19-9 and COX-2.

Group Case (n) CEA (ng/ml) CA19-9 (U/ml) COX-2 (ng/ml)
Group A 50 36.44+12.26 51.73£21.81° 47.06+11.06*
Control group 50 2.13+£0.76 12.91+£8.03 7.87+5.19
P-value - 0.019 0.032 0.012

The results are presented as the mean + standard deviation. *P<0.05 vs. control. CEA, carcino-embryonic antigen; CA19-9, carbohydrate
antigen 19-9; COX-2, cyclooxygenase-2.

Table III. Positive rates of serum CEA, CA19-9 and COX-2.

Group Cases (n) CEA [n (%)] CA19-9 [n (%)] COX-2 [n (%)] Combined detection [n (%)]
Group A 50 28 (56.0)*° 32 (64.0)*° 21 (62.0)*° 44 (88.0)°

Group B 50 5(10.0) 4(8.0) 3(6.0) 6(12.0)

Control group 50 2(4.0) 2(4.0) 0(0.0) 3(6.0)

P-value - 0.023 0.012 0.028 0.036

2P<0.05 vs. control; °P<0.05 vs. Group B; °P<0.05 vs. single detection. CEA, carcino-embryonic antigen; CA19-9, carbohydrate antigen 19-9;
COX-2, cyclooxygenase-2.

Table IV. Serum levels of CEA, CA19-9 and COX-2 in different pathological stages of tumor patients.

Case CEA CA19-9 COX-2 Combined detection
Group (n) [n (%)] [n (%)] [n (%)] [n (%)]
Group A 50 28 (56.0)*° 32 (64.0)*° 21 (62.0)*° 44 (88.0)"
Control group 50 2(4.0) 2(4.0) 0 3(6.0)
P-value - 0.023 0.012 0.028 0.036

1P<0.05 vs. control; "P<0.05 vs. combined detection. CEA, carcino-embryonic antigen; CA19-9, carbohydrate antigen 19-9; COX-2,

cyclooxygenase-2.

Student-Newman-Keuls post hoc text was used for compari-
sons among multiple groups. P<0.05 was considered to
indicate a statistically significant difference.

Results

Clinical data of patients. There was no significant difference
(P>0.05) between patients with colorectal cancer and healthy
physical examination patients in sex, age, smoking habit, alco-
holism, sleep, exercise, taste preference, residence and ethnic
composition (Table I).

Expression levels of serum CEA, CAI19-9 and COX-2.
Levels of CEA, CA199 and COX-2 in cancer patients were
36.44+12.26 (ng/ml), 51.73+21.81 (U/ml) and 47.06+11.06
(ng/ml), respectively. Levels of CEA, CA199 and COX-2 in
healthy controls were 2.13+0.76 (ng/ml), 12.91+£8.03 (U/ml)
and 7.87+5.19 (ng/ml), respectively. Significant differences
were found between two groups (P<0.05). Levels of CEA,
CA199 and COX-2 were increased with increased pathological

stages. Significant differences were found among stage I,
IT and III. No significant differences were found between
stage III and IV (Tables II and III).

Positive rates of serum CEA, CAI19-9 and COX-2. The
number of positive patients in serum CEA, CA199, COX-2
and combined detection were 28, 32, 21 and 44, respectively.
Diagnostic coincidence rates were 56.0, 64.0, 62.0 and 88.0%,
respectively. In the healthy group, positive patients in serum
CEA, CA199, COX-2 and combined detection were 2, 2, 0
and 3, respectively. Combined detection identified 9 patients
in stage I, 11 in stage II, 8 in stage III and 6 in stage IV. The
diagnostic coincidence rates were 75.0, 73.3, 72.7 and 60.0%,
respectively (Table IV and Fig. 1).

Efficiency evaluation of serum CEA, CA19-9 and COX-2 in
diagnosis of colorectal cancer. Sensitivities of CEA, CA199
and COX-2 in the detection of colorectal cancer stage I, I,
IIT and IV were 82.9, 85.3, 86.4 and 88.7%, respectively. The
specificities were 65.3, 68.7, 57.8 and 58.6%, respectively.
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Table V. Efficiency of serum CEA, CA19-9 and COX-2 in the diagnosis of rectal cancer.

Factor Sensitivity (%) Specificity (%) Accuracy (%)
CEA 41.8 60.7 80.3
CA19-9 55.6 93.5 75.8
COX-2 433 91.5 77.6
Combined detection 90.1 89.9 92.3
P-value 0.015 0.072 0.043

CEA, carcino-embryonic antigen; CA19-9, carbohydrate antigen 19-9; COX-2, cyclooxygenase-2.
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Figure 1. Diagnostic coincidence rates of serum carcino-embryonic antigen,
carbohydrate antigen 19-9 and cyclooxygenase-2 in colorectal cancer. There
were 9 patients in stage I, 11 in stage II, 8 in stage III and 6 in stage IV
were detected and the diagnostic coincidence rates were 75.0, 73.3, 72.7 and
60.0%, respectively.
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Figure 2. Receiver operating characteristic curve analysis of serum

carcino-embryonic antigen, carbohydrate antigen 19-9 and cyclooxygenase-2
in the diagnosis of colorectal cancer.

95% confidence intervals were 0.48-0.93, 0.26-0.89, 1.04-1.77,
0.51-0.98 espectively (Table V and Fig. 2).

Discussion

The incidence rate of colorectal cancer, one of the most

common malignant tumors in the digestive tract, has been
constantly increased in recent years. According to the report

of Siu et al (7), colorectal cancer will take the place of lung
cancer and gastric cancer and become the malignant tumor
with the highest incidence rate in the world within the next
three years. If there are timely detection and treatment in
the early stage of colorectal cancer, no great damage will be
caused to the patients. But the early symptoms are very unob-
vious, so they will be ignored easily, and the treatment will
become increasingly more difficult with the proliferation and
metastasis of cancer cells (8). At present, the colorectal cancer
is often diagnosed using the high expression and abnormality
of CEA and other tumor markers combined with medical
imaging techniques (9). This study aimed to study the value
of combined detection of CEA, CA19-9 and COX-2 in the
diagnosis of colorectal cancer, so as to provide a diagnostic
method with higher accuracy and specificity and simple detec-
tion means for the clinical treatment of colorectal cancer in
the future.

This study detected the expression of CEA, CA199 and
COX-2 in patients with colorectal cancer and healthy people,
and the expression levels of CEA, CA199 and COX-2 in
patients with colorectal cancer were significantly higher than
those in healthy people. Compared with diagnosis based on
single indicator, the combined detection significantly improved
the accuracy. Compared with diagnosis based on single indi-
cator, sensitivity and specificity of combined detection were
increased for stage I and II but reduced for stage III and IV,
indicating that CEA, CA199 and COX-2 can be used for the
early diagnosis of colorectal cancer.

In this study, the expression levels and positive rates
of CEA, CA19-9 and COX-2 in patients with colorectal
cancer and benign lesions and healthy people were detected.
The clinical data were compared between patients with
colorectal cancer and benign lesion. The results showed
that the patient's gender, age, tumor size, smoking, drinking,
sleep, exercise, taste preference, TNM staging and patho-
logical staging had no effects on the detection of three
indexes. The expression levels of CEA, CA19-9 and COX-2
in patients with colorectal cancer were significantly higher
than those in the other two groups. The combined detec-
tion had a statistically significant difference compared with
single detection, indicating that the combined detection of
CEA, CA19-9 and COX-2 can be clinically applied in the
diagnosis of rectal cancer. The comparisons of sensitivity,
specificity and accuracy in each group showed that there was
no obvious difference in the specificity between combined
detection and single detection, but the combined detection
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greatly improved the sensitivity and accuracy, suggesting
that the combined detection of CEA, CA19-9 and COX-2
in the diagnosis of colorectal cancer can compensate for the
shortcomings of single detection and improve the diagnosis
accuracy.

In the early stage of tumor occurrence and development,
the accurate diagnosis via imaging is more difficult, and the
tumor markers are abnormally expressed in the blood in
different degrees, which is an index for the early detection
of tumor occurrence and development (10,11). However, the
abnormality of one single marker cannot provide highly
accurate information about the occurrence of tumor, so
the combined detection of two or more tumor markers is
commonly applied in the clinical diagnosis of the presence
or abnormality of tumor (12). CEA is a kind of cytoplasmic
glycoprotein that is highly expressed in most cancerous
tissues, as well as the most commonly-used tumor marker
with a low specificity (13,14). Therefore, the clinical detection
with CEA as a tumor marker is often combined with other
tumor markers, so as to improve the positive detection rate of
cancer (15). CA19-9 is a kind of protein produced by rectal
cells that belongs to the oligosaccharide-associated antigen,
which is highly expressed in pancreatic cancer and malignant
tumors of digestive tract (16,17). COX is divided into COX-1
structural type and COX-2 induced type. COX-1 is involved in
a variety of pathological and physiological functions, which
is expressed stably in most tissues and cells (18). COX-2 is
seldom expressed in normal tissues and cells, but its expression
will be stimulated by tumor promoters (19). Xiao et al (20)
studies showed that COX-2 is involved in tumor formation
and development through inhibiting cell death and promoting
cell growth. According to the results of this study, COX-2 was
highly expressed in 62.0% patients with colorectal cancer, and
6.0% patients with benign lesions, but it was not expressed in
healthy subjects. The results indicated that the high expres-
sion of COX-2 occurs in early stage of rectal cancer, and
participates in the development of cancer. According to the
study of Wang et al (21) on the protein expression of COX-2
in colorectal cancer, combined with the experimental results,
it was found that COX-2 high expression is significantly
correlated with the malignant feature of rectal cancer, which
can be used as a new target for the diagnosis, treatment and
prevention of colorectal cancer in the future. For colorectal
cancer patients in stage III and IV, distant tumor cells and
Ilymph node metastasis can cause more significant increase
in levels of cancer markers. In this experiment, there was
no significant difference in the expression levels of CEA,
CA199 and COX-2 between stage 111 and stage I'V patients,
suggesting that the expression of cancer markers had reached
the critical value, so the increase was not significant, resulting
in decreased decreased and specificity of combined detection
for colorectal cancer at stages IIT and I'V.

There are still some shortcomings in this experiment due to
the limited experimental conditions. For example, sample size
was small, and the expression of CEA, CA199 and COX-2 may
be affected by ages or genders. We will conduct a longer period
of follow-up investigation to further verify the conclusion.

In conclusion, serum CEA, CA199 and COX-2 were highly
expressed in colorectal cancer, and can be used as an effective
indicator for the early diagnosis of colorectal cancer.
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