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Abstract
AIM
To investigate the value of multiparameter joint analysis 
in the early diagnosis of gastric cancer (GC) in clinical 
practice.
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METHODS
Concentrations of CEA, CA724 and three kinds of 
cytokines (TNF-α, IL-6 and IL-8) in 176 GC patients, 
117 atypical hyperplasia patients, and 204 healthy 
control individuals were used for building the diagnostic 
model, then 58 GC patients, 41 atypical hyperplasia 
patients, and 66 healthy control individuals were 
enrolled independently. The joints of the indicators 
were analyzed by binary logistic regression analysis 
method.

RESULTS
For discriminating the healthy control group and the 
GC group, IL-6 had the best diagnostic value, and 
the area under curve (AUC) of joint analysis was 
0.95 (0.93-0.97). For the early stage and advanced 
stage GC, the AUC were 0.95 (0.92-0.98) and 0.95 
(0.92-0.97). For discriminating the atypical hyperplasia 
group and GC group, CA724 had the best diagnostic 
value, and the AUC of joint analysis was 0.97 
(0.95-0.99). For the early stage and advanced stage 
GC groups, the AUC were 0.98 (0.96-0.99) and 0.96 
(0.94-0.98). After evaluation, for discriminating the 
GC, early stage GC and advanced cancer group from 
the healthy control group, the diagnostic sensitivity 
was 89.66%, 84.21% and 92.31%, respectively, and 
the specificity was 92.42%, 90.91% and 90.91%. For 
discriminating the GC, early stage GC and advanced 
cancer groups from the atypical hyperplasia group, 
the diagnostic sensitivity was 87.93%, 78.95% and 
92.31%, respectively, and the specificity was 87.80%, 
85.37% and 90.24%.

CONCLUSION
We have built a diagnostic model including CEA, 
CA724, IL-6, IL-8, and TNF-α. It may provide potential 
assistance as a screening method for the early detection 
of GC.

Key words: Gastric cancer; Atypical hyperplasia; Serum; 
Cytokine; Early detection

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We aimed to use multiparameter joint analysis 
for improving sensitivity and specificity for detection of 
gastric cancer. By combining CEA, CA724, IL-6, IL-8 and 
TNF-α, we built a diagnostic model, which may provide 
potential assistance as a screening method for the early 
detection of gastric cancer.

Li J, Xu L, Run ZC, Feng W, Liu W, Zhang PJ, Li Z. Multiple 
cytokine profiling in serum for early detection of gastric cancer. 
World J Gastroenterol 2018; 24(21): 2269-2278  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v24/i21/2269.htm  
DOI: http://dx.doi.org/10.3748/wjg.v24.i21.2269

INTRODUCTION
Gastric cancer is a kind of malignant tumor derived from 
gastric mucosal epithelial cells[1-3]. It is the fourth most 
common malignancy worldwide, and it ranks second 
in terms of the number of deaths[4]. In China, gastric 
cancer is one of the most malignant tumors, with high 
morbidity and mortality[5]. Deaths from gastric cancer 
account for approximately 25% to 30% of the deaths 
from all cancer types[6]. Its pathogenesis involves 
aging of the body, eating habits and psychological 
factors[7-9]. In recent years, more stress, poor diet and 
overwork have been shown to have greater influence 
on the incidence of gastric cancer. The occurrence and 
development of gastric cancer is a multistep process[10]. 
In current clinical practice, the main treatment for 
gastric cancer is surgery. The 5-year survival rate is very 
low[11]; however, if the gastric cancer is detected at an 
early stage, the 5-year survival rate can be as high as 
90%[12]. Early diagnosis and treatment of gastric cancer 
is extremely important for gastric cancer patients. 

At present, many methods of diagnosing gastric cancer 
are used in scientific research and clinical practice[13]. 
Serologic biomarkers are important detection methods. 
In early gastric cancer, the tumor markers [such as 
carcinoembryonic antigen (CEA) and cancer antigen 
(CA)724] are increased to some extent in the blood. The 
levels of these markers have been used as important 
indicators in gastric cancer screening, early diagnosis 
and prognosis evaluation[14]. However, no specific tumor 
marker has been found at present. Diagnosis based 
on a single tumor marker has some limitations[15]. The 
detection rate of gastric cancer is still very low. 

Cytokines are small molecules secreted by cells 
in response to various stimuli, and they are involved 
in biological processes, through their binding to spe
cific receptors on target cells[16]. Many studies have 
demonstrated that cytokine production and cellular 
immune function are important regulatory factors in 
the development of tumors[17-19]. As multifunctional 
molecules, these inflammatory factors not only directly 
damage tumor cells but also act as important mediators 
in the killing of tumor cells by mononuclear cells. The 
relationship of cytokines and gastric cancer provides a 
new direction for exploring the pathological mechanism 
of gastric cancer and may also provide a potential 
means of diagnosing and treating gastric cancer in the 
clinical setting. 

Studies have confirmed that patients with cancer 
usually have defects in their immune function, especially 
having cellular immune dysfunction. TNF-α, IL-6 and IL-8 
are important mediators of the inflammatory response 
and a series of other pathophysiological processes in 
vivo[20-22]. Their value in the diagnosis of gastric cancer 
has been evaluated, although their diagnostic value in 
combination with conventional biomarkers, such as CEA 
and CA724, has not been studied.
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In this study, we first evaluated the diagnostic 
value of CEA, CA724 and three cytokines (TNF-α, IL-6 
and IL-8) for gastric cancer. Then, we analyzed the 
combinations of the conventional biomarkers with the 
cytokines by using binary logistic regression. Our aim 
was to use the multiparameter joint analysis to improve 
diagnostic sensitivity and specificity and to provide a 
novel potential method for the early diagnosis of gastric 
cancer in clinical practice.

MATERIALS AND METHODS
Samples enrolled
Written consent was obtained. The study was reviewed 
and approved by the Institutional Review Board of the 
Affiliated Tumor Hospital of Zhengzhou University. This 
study was conducted from January 2015 to December 
2016. There were 176 gastric cancer patients enrolled 
in our study (63 early-stage and 113 advanced-stage 
patients). The stages were confirmed by pathological 
examination. All the gastric cancer patients were 
enrolled before surgery, chemotherapy, radiotherapy and 
immunotherapy. In addition, 117 atypical hyperplasia 
patients were enrolled. The examination results were 
confirmed by gastroscopy and pathological examination. 

Finally, 204 healthy control individuals were also 
enrolled. The healthy controls were without obvious 
disease, and the results of the basic tests were checked 
by B-mode ultrasound and CT examination, including of 
the heart, brain, kidney and other important organs. After 
building the diagnostic model, 58 gastric cancer patients 
(19 early-stage and 39 advanced-stage patients), 41 
atypical hyperplasia patients, and 66 healthy control 
individuals were independently enrolled. 

Serum collection and detection equipment
After the collection of whole blood samples, the 
tubes were centrifuged for 7 min at 3500 r/min and 
immediately stored at -80 ℃. The CEA and CA724 levels 
were detected by the Roche Modular E170 automatic 
electrochemiluminescence immunoassay analyzer. The 
reagents, standards and controls were purchased from 
Roche. The serum levels of IL-6, IL-8 and TNF-α were 
detected by Luminex 200, and the detection kits were 
purchased from Millipore.

Serum concentrations of IL-6, IL-8 and TNF-α 
Serum samples from the cancer group and the control 
group were stored in a freezer at -80 ℃. Before perform
ing the experiment, the serum samples were thawed, 
and 100 μL of serum was transferred from each sample 
to centrifuge tubes. The reagents were allowed to 
equilibrate to room temperature at 25 ℃, and wash 
buffer was diluted 10 times with deionized water. 

The serum concentrations of IL-6, IL-8 and TNF-α 
were determined by the following protocol. First, 200 
μL of assay buffer was added to each reaction well in 
a 96-well plate. After sealing, the solution was mixed 

thoroughly on a horizontal shaker, and the assay buffer 
was vacuumed and then blotted on the bottom of 
the plate. Second, 25 μL of each standard or control 
was added to the appropriate wells, and 25 μL of 
assay buffer was also added to each well, followed by 
the addition of 25 μL of serum matrix diluent to the 
standard and control wells. Third, after mixing the 
microspheres well, 25 μL of hybrid microspheres were 
added to each well, and the plate was covered with 
sealing film and foil, before incubation overnight at 4  ℃ 
on a horizontal shaker. Fourth, after washing, 25 μL 
of the detection antibody was added to each well and 
incubated for 1 h at room temperature. Then, 25 μL of 
streptavidin-PE was added to each well and incubated 
for 30 min at room temperature. Fifth, after washing, 
the 96-well plate was placed in the Luminex reading 
instrument, and the levels were calculated according to 
the standard curve.

Statistical methods
SPSS 21.0 statistical software was used to analyze the 
data. The serum levels of CEA, CA724, IL-6, IL-8 and 
TNF-α in the different groups were compared by one-
way ANOVA. The diagnostic value was evaluated by the 
area under the curve (AUC) of the receiver operator 
characteristic (ROC) curve, and the cutoff value was 
determined by the Youden index. The combinations 
of the indicators were analyzed by the binary logistic 
regression analysis method[23]. P < 0.05 indicated statis
tical significance.

RESULTS
Comparison of CEA, CA724, IL-6, IL-8 and TNF-α levels 
in the three groups
As shown in Figure 1, the concentrations of CEA, CA724, 
IL-6, IL-8 and TNF-α in the healthy control group, 
the atypical hyperplasia group and the gastric cancer 
group were compared. As shown in Figure 1A, the 
concentrations of IL-6 in the healthy control, atypical 
hyperplasia and gastric cancer groups were 10.05 
(6.47, 18.26), 50.17 (23.93, 110.40) and 63.96 (38.93, 
139.10), respectively. The concentrations of IL-8 were 
0.48 (0.07, 1.17), 0.85 (0.33, 2.44) and 1.80 (0.11, 
6.28), respectively (Figure 1B). The concentrations of 
TNF-α were 5.49 (4.16, 7.21), 6.73 (5.31, 8.27) and 
10.20 (5.88, 16.41), respectively (Figure 1C). The 
concentrations of CEA were 1.53 (0.91, 2.26), 1.51 (1.15, 
2.05) and 2.35 (1.12, 5.22), respectively (Figure 1D). 
The concentrations of CA724 were 2.02 (1.15, 4.30), 
2.21 (1.02, 3.41) and 4.03 (1.52, 11.62), respectively 
(Figure 1E). The concentrations of IL-6, IL-8, TNF-α, CEA 
and CA724 in the atypical hyperplasia group and gastric 
cancer group were significantly different from those in 
the healthy control group. The concentrations of IL-6, 
IL-8, TNF-α and CA724 in the gastric cancer group were 
significantly different compared to those of the atypical 
hyperplasia group.
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Figure 1  Comparison of carcinoembryonic antigen, CA724, IL-6, IL-8 and TNF-α in the three groups. A: IL-6; B: IL-8; C: TNF-α; D: CEA; E: CA724. CA: Cancer 
antigen; CEA: Carcinoembryonic antigen.
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Diagnostic value of the concentrations of CEA, CA724, 
IL-6, IL-8 and TNF-α for the detection of gastric cancer
As shown in Table 1, when the concentrations of 
CEA, CA724, IL-6, IL-8 and TNF-α were used alone to 
discriminate between the healthy control group and the 
gastric cancer group, the AUCs of the five indicators 
ranged from 0.64 to 0.93. The concentration of IL-6 had 
the best diagnostic value for discriminating between 
the healthy control group and the gastric cancer group. 
When the cutoff value was 20.31 pg/mL, the sensitivity 
and specificity were 92.05% and 78.92%, respectively. 

For the two conventional biomarkers, CEA and CA724, 
the AUCs were 0.65 (0.60-0.71) and 0.64 (0.58-0.70), 
respectively. To discriminate between the atypical 
hyperplasia group and the gastric cancer group, as 
shown in Figure 2A, the conventional biomarker CA724 
had the best diagnostic value, with an AUC of 0.68 
(0.62-0.74). When the cutoff value was 9.13 U/mL, the 
sensitivity and specificity were 31.25% and 97.44%, 
respectively. The three cytokines, IL-6, IL-8 and TNF-α, 
showed poorer diagnostic values, and their AUCs were 
0.59 (0.52-0.66), 0.55 (0.49-0.63) and 0.68 (0.62-0.74), 

Indicator AUC 95%CI of AUC Cutoff value Sensitivity, % Specificity, %

IL-6 0.92 0.91-0.94 20.31 92.05 78.92
IL-8 0.65 0.60-0.71 1.45 55.68 79.41
TNF-α 0.76 0.71-0.81 7.82 65.91 82.84
CEA 0.65 0.60-0.71 3.45 36.36 92.65
CA724 0.64 0.58-0.70 5.80 40.91 84.34

Table 1  Diagnostic value of the five indicators for discriminating the healthy control group and the gastric cancer group

AUC: Area under curve; CA: Cancer antigen; CEA: Carcinoembryonic antigen; CI: Confidence interval; IL: Interleukin; TNF: Tumor necrosis factor. 
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Figure 2  Diagnostic value of IL-6, IL-8, TNF-α and CA724 for discriminating the atypical hyperplasia group and gastric cancer group. A: IL-6; B: IL-8; C: 
TNF-α; D: CA724. CA: Cancer antigen; CEA: Carcinoembryonic antigen.
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respectively (Figure 2B-D).

Joint analysis of the diagnostic value of the 
concentrations of CEA, CA724, IL-6, IL-8 and TNF-α for 
the detection of gastric cancer
After evaluating the diagnostic value of the concentrations 
of CEA, CA724, IL-6, IL-8 and TNF-α separately, binary 
logistic regression was used to analyze the indicators 
jointly. As shown in Figure 3A, for discriminating between 
the healthy control group and the gastric cancer group, 
the AUC was 0.95 (0.93- 0.97). For early-stage gastric 
cancer, the AUC was 0.95 (0.92- 0.98), and for advanced-
stage gastric cancer, it was 0.95 (0.92- 0.97), as shown 
in Figure 3B and 3C. For discriminating between the 
healthy control group and the gastric cancer group, our 
joint analysis method showed similar diagnostic values for 
early-stage and advanced-stage gastric cancer. 

For discriminating between the atypical hyperplasia 
group and the gastric cancer group, four indicators, 
namely CA724, IL-6, IL-8 and TNF-α, were used in the 
joint analysis. As shown in Figure 4A, for discriminating 
between the atypical hyperplasia group and the gastric 

cancer group, the AUC was 0.97 (0.95-0.99). For early-
stage gastric cancer, the AUC was 0.98 (0.96-0.99), 
and for advanced-stage gastric cancer, it was 0.96 
(0.94-0.98), as shown in Figure 4B and 4C. For discri
minating between the atypical hyperplasia group and 
the gastric cancer group, our joint analysis method also 
showed similar diagnostic values for early-stage and 
advanced-stage gastric cancer.

Validation of the joint analysis for the detection of 
gastric cancer
After building the diagnostic model, 58 gastric cancer 
patients (19 early-stage and 39 advanced-stage 
patients), 41 atypical hyperplasia patients, and 66 
healthy control individuals were independently enrolled. 
Then, the diagnostic model including CEA, CA724, 
IL-6, IL-8 and TNF-α for discriminating between the 
healthy control group and the gastric cancer group 
and the diagnostic model including CA724, IL-6, IL-8 
and TNF-α for discriminating between the atypical 
hyperplasia group and the gastric cancer group were 
evaluated. After evaluation, for discriminating between 
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Figure 3  Joint analysis of CEA, CA724, IL-6, IL-8 and TNF-α for discriminating the healthy control group and gastric cancer group. A: Healthy control group 
vs gastric cancer group; B: Healthy control group vs early stage gastric cancer group; C: Healthy control group vs advanced stage gastric cancer group. CA: Cancer 
antigen; CEA: Carcinoembryonic antigen.
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the healthy control group and the gastric cancer group, 
the early-stage gastric cancer group and the advanced-
stage gastric cancer group, the diagnostic sensitivities 
were 89.66%, 84.21% and 92.31%, respectively. In 
addition, the specificities were 92.42%, 90.91% and 
90.91%, respectively. For discriminating between the 
atypical hyperplasia group and the gastric cancer group, 
the early-stage gastric cancer group and the advanced-
stage gastric cancer group, the diagnostic sensitivities 
were 87.93%, 78.95% and 92.31%, respectively. In 
addition, the specificities were 87.80%, 85.37% and 
90.24%, respectively.

DISCUSSION
According to the estimates of the World Health 
Organization, nearly 7 million people die from tumors each 
year worldwide, and that number is increasing annually. 
Gastric cancer is one of the common malignant tumors 
that endanger human health. It causes the second highest 
number of cancer-related deaths. The occurrence and 
development of gastric cancer is a multistage process, 

involving multiple gene and molecular level changes. 
In the pregastric cancer stage there are precancerous 
lesions, most of which remain unchanged and a small part 
of which develop into cancer. 

The Correa cascade is the most commonly recog
nized pattern of gastric carcinogenesis[24]. Because most 
gastrointestinal cancer has no obvious symptoms in the 
early stage, it cannot be detected in a timely manner; 
however, when clinical symptoms develop, it is often 
too late to effectively treat the cancer, resulting in low 
postoperative survival rates of patients with malignant 
tumors. Early detection is the key to improving the 
survival rate of patients and the cure rate[12]. Therefore, 
early detection of gastric cancer is crucial to the im
provement of the treatment of gastric cancer.

CEA is a cell surface antigen. It is a tumor-associated 
antigen extracted from embryonic tissue and can be 
detected in a variety of body fluids. As one of the most 
common tumor markers, it is widely used as a diagnostic 
and monitoring index for various gastrointestinal tumors, 
especially gastric adenocarcinoma[25]. CA724 is a high 
molecular weight glycoprotein, and it is one of the best 
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Figure 4  Joint analysis of IL-6, IL-8, TNF-α and CA724 for discriminating the atypical hyperplasia group and gastric cancer group. A: Atypical hyperplasia 
group vs gastric cancer group; B: Atypical hyperplasia group vs early stage gastric cancer group; C: Atypical hyperplasia group vs advanced stage gastric cancer 
group. CA: Cancer antigen; CEA: Carcinoembryonic antigen.
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tumor markers for the diagnosis of gastric cancer. It 
has high specificity for gastric cancer and has good 
applicability in digestive system malignant tumors[26]. The 
results of our study showed that the serum levels of CEA 
and CA724 in the gastric cancer group were significantly 
higher than those in the atypical hyperplasia and healthy 
control groups. The results were consistent with those of 
previous studies[27,28] and indicated that these markers 
have certain diagnostic value for gastric cancer.

The inflammation in cancer is a multifactorial process. 
Phagocytes are effector cells that initiate inflammation. 
They can use a variety of surface receptors to identify 
invading foreign microorganisms that they finally kill. 
In this process, activated phagocytes secrete a large 
number of pro-inflammatory cytokines such as IL-6, 
IL-8, and TNF-α. The expression levels of these pro-
inflammatory cytokines are significantly increased in 
inflammatory diseases. 

As a very important immunosuppressive regulator, 
IL-8 is a cytokine secreted by fibroblasts, epithelial 
cells and mononuclear macrophages, and it plays an 
important role in the growth, differentiation or gene 
expression of many kinds of cells[29]. In gastric cancer 
patients, the expression levels of IL-8 are higher in 
the tumor tissue, serum and malignant effusion of 
the thoracic and abdominal cavity but lower in normal 
tissues and serum. In addition, IL-8 also plays an 
important role in the angiogenesis of gastric tumors. 
It can act on vascular endothelial cells, inducing large-
scale proliferation of endothelial cells to promote 
angiogenesis[30]. In our experiment, the levels of IL-8 in 
patients with gastric diseases (gastric cancer group and 
atypical hyperplasia group) were significantly higher 
than that in the healthy control group. The results 
showed that IL-8 was highly expressed in patients with 
gastric cancer and gastric inflammatory diseases, which 
was consistent with the results of previous studies. 

IL-6 has been demonstrated to play a role in 
tumor metastasis and tumor angiogenesis[31]. The IL-6 
gene is active in many tumor tissues and peripheral 
blood vessels, and the secretion of various cytokines 
is increased. Numerous studies have demonstrated 
that it not only directly stimulates monocyte-derived 
macrophages and fibroblasts to secrete IL-6 but also 
that cancer cells can secrete a large amount of IL-1α 
to promote the proliferation of malignant cells in their 
own growth process[32]. The imbalance of IL-6 and its 
receptor affects the stability of the whole environment 
and leads to disordered immune function, which may 
induce tumors[33]. In our study, the level of IL-6 was 
significantly higher in gastric cancer patients than in 
atypical hyperplasia patients. Previous studies also 
found that tumors were associated with abnormal 
expression of IL-6. 

TNF-α is a multifunctional cytokine produced by 
macrophages and activated T cells. It is involved in 
inducing an acute albumin reaction, activating neutrophils 
and lymphocytes, regulating the metabolic activity of 

tissues and promoting the release of other cytokines[11]. 
Studies have shown that TNF-α can kill a variety of tumor 
cells and enhance the body’s anti-tumor action, but it 
can also promote the growth and metastasis of some 
tumors. It can cause tumor tissue hypoxia and vascular 
damage around the tumor, promoting the cytotoxic effect 
of natural killer cells and macrophages and enhancing 
the body’s immunity, thereby inhibiting tumor growth[34]. 
When the level of TNF-α is abnormal, the patient’s 
immune system is disordered, which triggers systemic 
cytotoxicity, resulting in escape of the tumor cells from 
host immune surveillance and allowing them to continue 
to grow[35]. In our study, the levels of TNF-α in the gastric 
cancer and atypical hyperplasia groups were significantly 
higher than in the healthy control group, suggesting 
that TNF-α may be closely related to the occurrence 
and development of gastric cancer. As an important 
regulator of inflammation, TNF-α may play a role in 
tumor-associated inflammatory processes, increasing the 
risk of inflammation-induced tumors. Our results were 
consistent with those of previous studies. 

Although we have built a potential diagnostic model 
for the early detection of gastric cancer, there were still 
some limitations to our study. First, there were only 
three investigated in our study, and many other kinds 
of cytokines were excluded. Second, the Luminex 200 
detection system may be too sensitive, resulting in a 
high degree of variance, which may have affected the 
results of our study. Third, the sample size of our study 
was relatively small, and the diagnostic model validation 
was only performed in a small cohort.

In conclusion, we have built a diagnostic model 
including the levels of CEA, CA724, IL-6, IL-8 and TNF-α. 
It may provide a potential screening method for the early 
detection of gastric cancer.

ARTICLE HIGHLIGHTS
Research background
Early diagnosis and treatment of gastric cancer (GC) is extremely important for 
GC; however, there is still no effective detection method for the early detection 
of GC.

Research motivation
Many studies have demonstrated that the joint analysis of a panel of indicators 
may improve the diagnostic value for kinds of cancers. Cytokines have also 
been demonstrated to play important roles in the development of cancer.

Research methods
Concentrations of carcinoembryonic antigen (CEA), cancer antigen (CA)724, 
TNF-α, IL-6 and IL-8 in 176 GC patients, 117 atypical hyperplasia patients and 
204 healthy controls were used for building the model; then, 58 GC patients, 41 
atypical hyperplasia patients and 66 healthy controls were used for validation. 
The joints of the indicators were analyzed by binary logistic regression analysis 
method.

Research results
For discriminating the GC, early-stage GC and advanced cancer patients 
from the healthy control group, the diagnostic sensitivity was 89.66%, 84.21% 
and 92.31%, respectively. The specificity was 92.42%, 90.91% and 90.91%, 
respectively. For discriminating the GC, early stage GC and advanced cancer 
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patients from the atypical hyperplasia group, the diagnostic sensitivity was 
87.93%, 78.95% and 92.31%, respectively. The specificity was 87.80%, 85.37% 
and 90.24%, respectively.

Research conclusions
We have built a diagnostic model including CEA, CA724, IL-6, IL-8 and TNF-α, 
and it may represent a potential assistant screening method for the early 
detection of GC.

Research perspectives
Our study provides a simple, effective and noninvasive detection method for 
the assistant detection of gc. In the future study, multicenter and larger sample 
size design should be included to validate the diagnostic value.
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