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Introduction

Gastric cancer (GC) is one of commonly-seen 
malignant tumors, with a high incidence rate, and ranks 
the second of various types of cancer mortality in China 
(Li et al., 2014; 2015). There were no obvious symptoms 
in early gastric cancer, but most patients who have been 
clinically diagnosed are already in middle or advanced 
stage, which, as a result, is susceptible to delay the best 
treatment opportunity (Li et al., 2015). The early detection, 
diagnosis and treatment are key to the improvement of 
curative rate and survival rate of the patients. Although 
gastroscope is a reasonable method for diagnosis of 
gastric cancer, it is not suitable for general investigation 
for patients with subclinical symptoms. A literature has 
reported that the detection of serum tumor markers is 
convenient and quick method of easily to be accepted 
by patients (Tao et al., 2012). At present, on account of 
lack of specific method for serological diagnosis of GC, 
the combined detection of serum tumor markers is the 
effective method for the diagnosis of GC (Yang et al., 
2014). In recent years, the detection of tumor markers 
content is widely applied in clinical diagnosis, so selection 
of appropriate markers for combined detection provides us 
a method of dynamically observing the tumor occurrence 
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Abstract

 Background: To explore whether combined detection of serum tumor markers (CEA, CA72-4, CA19-9 and 
TSGF) improve the sensitivity and accuracy in the diagnosis of gastric cancer (GC). Materials and Methods: An 
automatic chemiluminescence immune analyzer with matched kits were used to determine the levels of serum 
CEA, CA72-4, CA19-9 and TSGF in 45 patients with gastric cancer (GC group), 40 patients with gastric benign 
diseases (GBD group) hospitalized in the same period and 30 healthy people undergoing a physical examination. 
The values of those 4 tumor markers in the diagnosis of gastric cancer was analyzed. Results: The levels of 
serum CEA, CA72-4, CA19-9 and TSGF of the GC group were higher than those of the GBD group and healthy 
examined people and the differences were significant (P<0.001). The area under receiver operating characteristic 
(ROC) curves for single detection of CEA, CA72-4, CA19-9 and TSGF in the diagnosis of GC was 0.833, 0.805, 
0.810 and 0.839, respectively. The optimal cutoff values for these 4 indices were 2.36 ng/mL, 3.06 U/mL, 5.72 U/
mL and 60.7 U/mL, respectively. With combined detection of tumor markers, the diagnostic power of those 4 
indices was best, with an area under the ROC curve of 0.913 (95%CI 0.866~0.985), a sensitivity of 88.9% and 
a diagnostic accuracy of 90.4%. Conclusions: Combined detection of serum CEA, CA72-4, CA19-9 and TSGF 
increases the sensitivity and accuracy in diagnosis of GC, so it can be regarded as the important means for early 
diagnosis.  
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and progression, and assessing the clinical efficacy and 
prognosis of the patients, thus increasing the detectable 
rate and the differential diagnosis accuracy (Fernandes 
et al., 2005; Jing et al., 2014). In present research, 
automatic chemiluminescence immune analyzer with 
matched kits was used to determine the levels of serum 
carcino-embryonic antigen (CEA), carbohydrate antigen 
72-4 (CA72-4), carbohydrate antigen 19-9 (CA19-9) and 
tumor specific growth factor (TSGF), with the intention to 
applicative value of combined detection of these 4 indices 
in the diagnosis of GC. 

Materials and Methods

General data
Forty-five patients with gastric cancer admitted in 

Dong Ying People’s Hospital from Sep., 2012 to Feb., 
2014 were enrolled in GC group. Of all, there were 28 
males and 17 females, aged 42~86 years with the average 
age of (65.2±5.7) years. Forty patients with gastric 
benign diseases hospitalized at the same period were 
selected as GBD group, 24 males and 16 females, aged 
39~85 years with the average of (63.5±7.8) years. Of all, 
there were 20 patients with gastritis and 20 with gastric 
ulcer. Additionally, 30 healthy people having physical 
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examination at the same period were selected as control, 
among whom, there were 20 males and 10 females, 
aged 45~84 years with the average age of (65.4±7.2) 
years. There was no difference in baseline data such as 
age, gender, etc. in three groups (P>0.05), so they were 
comparable. The present study was approved by ethics 
committee of Dong Ying People’s Hospital. All study 
objects agreed to participate in the study and signed the 
informed consent form.

Detection of serum tumor markers
Fasting elbow venous blood (4 mL) in the morning was 

drawn for natural aggregation for 30 min and centrifuged 

at 2 500 r/min for 15 min. Separated serum was stored 
at -20°C until assayed. Automatic chemiluminescence 
immune analyzer with matched kits was used to determine 
the levels of serum CEA, CA72-4, CA19-9 and TSGF 
strictly according to kit introduction. The recommended 
upper cutoff values for CEA, CA72-4, CA19-9 and TSGF 
were 3.4 ng/mL, 6.9 U/mL, 39 U/mL and 64 U/mL. Testing 
values over the cutoff value were regarded as positive.

Statistical data analysis
SPSS 17.0 software package was used for data analysis. 

The measurement data were presented as mean±standard 
deviation and the comparison among groups was analyzed 
by t test. receiver operating characteristic (ROC) curves 
were plotted to determine diagnostic power of CEA, 
CA72-4, CA19-9 and TSGF and the area under ROC 
curves and to calculate the optimal cutoff values of 
single detection and combined detection of these four 
tumor markers in diagnosis of GC and the sensitivity and 
specificity at the optimal cutoff values. A values of P<0.05 
was considered statistically significant.

Results 

Comparison of serum CEA, CA72-4, CA19-9 and TSGF 
among 3 groups

The levels of serum CEA, CA72-4, CA19-9 and 
TSGF of GC group were higher than those of GBD group 
and healthy examined people and the differences were 
significant (P<0.001). (Table 1). 

ROC curves analysis of single detection of serum CEA, 
CA72-4, CA19-9 and TSGF in the diagnosis of GC

ROC curves analysis showed that the area under 
ROC curves for serum CEA, CA72-4, CA19-9 and 
TSGF was 0.833, 0.805, 0.810 and 0.839, respectively. 
The area of these 4 indices was more than 0.5, showing 
that the single detection of them had significance to the 
differential diagnosis of GC, as shown in Table 2 and 
Figure 1. According to the results of ROC curves analysis 
to calculate the optimal cutoff values, the optimal cutoff 
values for these 4 indices were 2.36 ng/mL, 3.06 U/
mL, 5.72 U/mL and 60.67 U/mL, respectively, and the 
corresponding sensitivity, specificity and diagnostic 
accuracy of the single detection of serum CEA, CA72-4, 
CA19-9 and TSGF under the optimal cutoff values were 
as shown in Table 3.

Diagnostic effectiveness of combined detection of serum 
CEA, CA72-4, CA19-9 and TSGF for GC

Of all types of combined detection of tumor markers, 
the diagnostic power of combined detection of those 
4 indices was best, with the area under ROC curve of 
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Table 1. Comparison of Serum CEA, CA72-4, CA19-9 and TSGF among 3 Groups (x
_
 ± s)

Study objects n CEA(ng/mL) CA72-4(U/mL) CA19-9(U/mL) TSGF(U/mL)

GC group 45 7.57±3.32*# 15.38±7.56*# 20.58±0.75*# 76.19±11.84*#

GBD group 40 2.54±0.34 3.16±2.02 6.85±0.98 62.27±11.45
Healthy people 30 1.86±0.22 2.57±0.78 5.82±0.46 56.94±10.66
*GC group refers to patients with GC; GBD group refers to patients with gastric benign diseases. *P<0.001 compared with healthy people. #P<0.001 
compared with GBD group

Table 2. Area Under ROC Curves for Serum CEA, 
CA72-4, CA19-9 and TSGF 
Markers Area Std. error P                95%CI
    Lower Upper
    bound bound

CEA 0.833 0.034 0.000 0.766 0.900
CA72-4 0.805 0.036 0.000 0.735 0.876
CA19-9 0.810 0.036 0.000 0.740 0.879
TSGF 0.839 0.033 0.000 0.775 0.903

Table 3. Diagnostic Effectiveness of Single Detection of 
Serum CEA, CA72-4, CA19-9 and TSGF for GC (%)
Markers Cut-off Sensitivity Specificity Diagnostic
 value   accuracy

CEA 2.36 66.67 (30/45) 82.86 (58/70) 76.52 (88/115)
CA72-4 3.06 64.44 (29/45) 80.00 (56/70) 73.91 (85/115)
CA19-9 5.72 68.89 (31/45) 81.43 (57/70) 76.52 (88/115)
TSGF 60.67 80.00 (36/45) 82.86 (58/70) 81.74 (94/115)

Figure 1. ROC Curves of Single Detection of Serum 
CEA, CA72-4, CA19-9 and TSGF in Diagnosis of GC. 
From analysis the curve diagram, the area of 4 indices was over 
than 0.5 (above the reference line), showing the single detection 
of them had significance to the differential diagnosis of GC. Of 
all, the diagnostic power of serum TSGF for GC was the highest 
one, followed by CEA, CA19-9 and CA72-4
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0.913 (95%CI 0.866~0.985), the sensitivity of 88.89% 
and diagnostic accuracy of 90.43%, showing combined 
detection of 4 indices could improve the differential 
diagnosis power for GC. (Table 4). 

Discussion

GC is one of malignant tumors threatening human 
health. It ranked the third of cancer-related death in 
Korea in 2010 (Jung et al., 2012; Xu et al., 2014). It 
was reported that 21 320 patients had gastric cancer, 
with poor prognosis in advanced stage, even lower than 
30% (Siegel et al., 2013; Ji et al., 2014; Liu et al., 2014). 
Although application of various methods of imaging 
and endoscopic examinations play important roles in the 
diagnosis of tumors and make the survival time of GC 
patients prolonged (Pan et al., 2013; Chen et al., 2014), 
their examination process is really complex and expensive, 
especially difficult to realize the early detection, so 
there is limitation to the early diagnosis, judgment of 
reoccurrence and evaluation of efficacy for tumors (Park 
et al., 2014). The detection of tumor markers could reflect 
the occurrence and development of tumors timely and 
the detection process is convenient and rapid, with high 
sensitivity. Hence, they have been the important clinical 
means of auxiliary examination in the clinical diagnosis 
and prognosis evaluation for tumors (Femandes et al., 
2005; Duraes et al., 2014). 

CEA is cancer embryo antigen located on chromosome 
19, commonly used for the diagnosis of malignant 
tumors of digestive tract, but it isn’t a specific index for 
the diagnosis of other malignant tumors (Gwak et al., 
2014). CA19-9 mainly consists of sialic acid and salivary 
glycoproteins, and significantly increased in the serum 
in patients with multiple epithelial malignant tumors 
derived from endodermal cells. CA19-9, closely related 
to tumor size, lymphatic metastasis and depth of invasion, 
is an index of judgment of whether direct invasion into 
adjacent organs exists and evaluation of the prognosis of 
the patients with GC (Choi et al., 2013; Han et al., 2014). 
CA72-4 is a kind of high molecular weight glycoprotein 
antigen. Although it was absent in innocent tumor tissues, 
effusion and normal tissues, it is differentially specific 
to gastroenteric tumor, ovarian cancer, breast cancer 
and liver cancer, especially highly specific to gastric 
cancer, so it is promisingly used in digestive system 
neoplasm (Reiter et al., 2000; Mattar et al., 2002). TSGF 
is vascular endothelial growth factor by a large number 

of proliferations of malignant cells and peripheral blood 
capillary. It is a generic term of multiple carbohydrate and 
its metabolite associated with tumor growth. It is a sort of 
broad-spectrum serum tumor marker specific to malignant 
tumors (Robertson et al., 2007). 

At present, due to lack of specific method for 
serological diagnosis of GC, the combined detection of 
serum tumor markers become the effective method for the 
diagnosis of GC (Yang et al., 2014). In recent years, the 
detection of tumor markers content is extensively used in 
clinical diagnosis, so selection of appropriate markers for 
combined detection provides us a method of dynamically 
observing the tumor occurrence and progression, and 
assessing the clinical efficacy and prognosis of the 
patients, thus increasing the detectable rate and the 
differential diagnosis accuracy (He et al., 2013; Yun et 
al., 2014). Lai et al. (2014) reported that the sensitivity of 
single detection of lysyl oxidase, CEA, CA724, CA19-9 
and CA125 for lymphatic metastasis in GC was 44.12%, 
12.75%, 21.57%, 23.53% and 15.69 % and the sensitivity 
of combined detection of them was up to 79.41 %, and 
that of single detection for peritoneal metastasis in GC 
was 56.52%, 23.91%, 34.78%, 36.96 and 34.78 %, and 
the sensitivity of combined detection of them was 91.3%, 
showing the combined detection of these biomarkers 
could increase the sensitivity of lymphatic metastasis and 
peritoneal metastasis in GC. 

The present study explored the applicative value of 
combined detection of 4 tumor markers in the diagnosis 
of GC through detecting the levels of serum CEA, CA19-
9, CA72-4 and TSGF in patients with GC, gastric benign 
diseases and healthy people. the results were found that 
the levels of serum CEA, CA72-4, CA19-9 and TSGF 
of GC patients were higher than those of patients with 
gastric benign diseases and healthy examined people 
and the differences were significant (P<0.001). The area 
under receiver operating characteristic (ROC) curve for 
single detection of serum CEA, CA72-4, CA19-9 and 
TSGF in the diagnosis of GC was 0.833, 0.805, 0.810 
and 0.839, respectively. The optimal cutoff values for 
these 4 indices were 2.36 ng/mL, 3.06 U/mL, 5.72 U/mL 
and 60.67 U/Ml. The area of these 4 indices was more 
than 0.5, showing that the single detection of them had 
significance to the differential diagnosis of GC. Moreover, 
the sensitivity, specificity and accuracy for the diagnosis of 
GC were improved under these optimal cutoff values. Of 
all combined detection of tumor markers, the diagnostic 
power of combined detection of those 4 indices was 

Table 4. Diagnostic Effectiveness of Combined Detection ofSerum CEA, CA72-4, CA19-9 and TSGF for GC (%)
Markers Sensitivity Specificity Diagnostic accuracy

CEA+CA72-4 71.11 (32/45) 88.57 (62/70) 81.74 (94/115)
CEA+ CA19-9 75.56 (34/45) 87.14 (61/70) 82.61 (95/115)
CEA+ TSGF 80.00 (36/45) 91.43 (64/70) 86.96 (100/115)
CA72-4+ CA19-9 66.67 (30/45) 85.71 (60/70) 78.26 (90/115)
CA72-4+ TSGF 71.11 (32/45) 87.14 (61/70) 80.87 (93/115)
CA19-9+ TSGF 73.33 (33/45) 87.14 (61/70) 81.74 (94/115)
CEA+CA72-4+ CA19-9 75.56 (34/45) 90.00 (63/70) 84.35 (97/115)
CEA+CA72-4+ TSGF 84.44 (38/45) 91.43 (64/70) 88.70 (102/115)
CA72-4+ CA19-9+ TSGF 77.78 (35/45) 92.86 (65/70) 86.96 (100/115)
CEA+CA72-4+ CA19-9+ TSGF 88.89 (40/45) 91.43 (64/70) 90.43 (104/115)
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best, with the area under ROC curve of 0.913 (95%CI 
0.866~0.985), the sensitivity of 88.89% and diagnostic 
accuracy of 90.43%, showing combined detection of 4 
indices could improve the sensitivity and the differential 
diagnosis power for GC.

In conclusion, the detection of serum CEA, CA72-4, 
CA19-9 and TSGF has significance to the differential 
diagnosis of GC, and the diagnostic power of serum TSGF 
for GC was the highest one. Combined detection of these 
4 indices together is more effective than single detection 
and increases the sensitivity and accuracy in diagnosis of 
GC significantly, so it can be regarded as the important 
means for the early diagnosis of GC.
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