
© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(2):322-331 tcr.amegroups.com

Introduction

Nowadays, gastric cancer, which is the fourth most 
common cancer and the second lethal cancer in the world, 
has become a critical healthy issue. Global cancer statistics 
reported 951,600 cases and 723,100 deaths in 2012 (1). 
Gastric cancer has the highest incidence in Eastern Asia 
area. It was estimated that 679,100 new cases arise and 
498,000 patients died from gastric cancer in China in 

2015. It also ranked the second lethal cancer in China (2). 
Even though undergoing a surgery, few patients could 
have a long-term survival after that. At the same time, 
chemotherapy is not radical cure for cancer. On the other 
hand, targeted therapy may play a significant part in the 
treatment of gastric cancer (3).

Metastasis is a primary cause of gastric cancer mortality (4).  
It proceeds through multiple steps and restrictive bottlenecks. 
Hematogenous metastasis is one of the most important 

Original Article

Serum tumor markers predict cancer-related venous 
thromboembolism in gastric cancer

Yan Yang1*, Yang Yang2*, Jie Shen2, Jie Xia2, Lixia Yu2, Hanqing Qian2, Jia Wei2, Juan Du2, Baorui Liu1,2

1The Comprehensive Cancer Centre of Drum Tower Hospital, Clinical College of Traditional Chinese and Western Medicine, Nanjing University 

of Chinese Medicine, Nanjing 210008, China; 2The Comprehensive Cancer Centre of Drum Tower Hospital, Medical School of Nanjing University 

& Clinical Cancer Institute of Nanjing University, Nanjing 210008, China

Contributions: (I) Conception and design: B Liu, J Xia, J Shen, Y Yang; (II) Administrative support: B Liu; (III) Provision of study materials or 

patients: J Wei, J Du, Y Yang; (IV) Collection and assembly of data: Y Yang; (V) Data analysis and interpretation: Y Yang, Y Yang; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Baorui Liu, MD, PhD. The Comprehensive Cancer Centre of Drum Tower Hospital, Medical School of Nanjing University & 

Clinical Cancer Institute of Nanjing University, 321 Zhongshan Road, Nanjing 210008, China. Email: baoruiliu@nju.edu.cn.

Background: To investigate the relationship between the preoperative level of serum tumor markers and 
cancer-related venous thromboembolism (CVT) in patients with gastric cancer. 
Methods: A total of 1,005 patients with gastric cancer who underwent curative resection were finally 
enrolled in this study. Serum tumor markers including carcinoembryonic antigen (CEA), cancer antigen 
(CA)19-9, CA242, CA72-4, CA125 were tested within 1 week before curative surgery. Measurement data 
between groups were compared with t-test. The sensitivity (SEN), specificity (SPN), positive predictive 
values (PPV), and negative predictive values (NPV) of five biomarkers and the combination group were 
calculated, respectively. The odds ratios (ORs) were calculated via both univariate and multivariate logistic 
regression models. 
Results: CVT was found in 540 (53.73%) patients. The increase of each cancer marker is remarkably 
related with CVT. The more abnormal serum tumor markers come out, the high the risk of positive CVT 
can be. The possibility of positive CVT would be 2.9 times as much as a normal patient as any of the tumor 
markers increases. With the increase of any 4 of the tumor markers can make the risk 16.4 times. 
Conclusions: The status of postoperative CVT can be predicted from preoperative serum tumor markers. 
For those patients with a high risk of positive CVT, more aggressive treatment should be arranged.

Keywords: Tumor marker; cancer-related venous thromboembolism (CVT); gastric cancer

Submitted Nov 10, 2016. Accepted for publication Feb 20, 2017.

doi: 10.21037/tcr.2017.03.31

View this article at: http://dx.doi.org/10.21037/tcr.2017.03.31

331

https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2017.03.31


323Translational Cancer Research, Vol 6, No 2 April 2017

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(2):322-331 tcr.amegroups.com

ways. Cancer-related venous thromboembolism (CVT) is 
thought to be a critical step of hematogenous metastasis (5).  
Pathologically, vascular invasion can be defined as the 
visualization of CVT. According to the researches of 
hepatocellular carcinoma, vascular invasion has served 
as a relative contraindication for surgical resection. For 
gastric cancer, many studies regarded CVT only as a part 
of the pathological features or a factor associated with 
poor prognosis (6-8). Some researchers also thought CVT 
showed a statistically significant correlation with circulating 
tumor cell (CTC)-positivity, and strong predictors of poor 
survival in this disease (6,9).

Serum tumor marker is one factor associated with 
prognosis. Tumor marker was first proposed at Human 
Immunity and Tumor Immune Diagnosis Meeting in 
1978. So far, the detection method of classic serum tumor 
markers has become a simple and low cost for detecting 
tumor and monitoring tumor progression. Clinically, 
carcinoembryonic antigen (CEA), cancer antigen (CA)19-
9, CA242, CA72-4, and CA125 have been widely used for 
gastric cancer diagnosis (1,10-12).

CVT is one of high risk factors for poor prognosis of 
tumor. We hope to find a simple method to diagnose and 
predict CVT. CEA can be applied in the diagnosis and 
evaluation of tumor recurrence. In addition, it has been 
proved to have adhesive characteristic, suggesting that CEA 
expression on epithelial cells may directly influence tumor 
development by CEA-CEA bridges between tumor cells 
or tumor-stromal cells (13). Tumor markers of saccharide 
protein family, such as CA19-9, CA242, CA72-4, CA125, 
whether there is a relationship between their increase and 
CVT growth is still unclear. So we took relevant statistical 
analysis about preoperative tumor markers for gastric cancer 
and pathological factors of CVT.

Methods

Patients

We retrospectively collected 1,231 patients with gastric 
cancer who underwent curative resection from July 2004 
to April 2016 at the Department of General Surgery, 
Drum Tower Hospital Affiliated to Medical School of 
Nanjing University. Clinical and histopathological data, 
including age, gender, histology, stage, and histological 
grade were collected. A total of 1,005 patients were finally 
enrolled in this study, while 226 were excluded, among 
which 176 patients did not test the preoperative level of 

serum tumor marker, 39 patients did not have complete 
pathologic data, 11 patients who had R1 or R2 resection 
(Figure 1). 

Detection of CVT

The status of CVT was detected by pathologists. It was 
confirmed when: (I) under the microscope, tumor invaded 
the vessel wall, intruded into the vessel lumen, and with a 
layer of vascular endothelium on the surface of the tumor 
thrombus; (II) by immunohistochemistry, CD34, a vascular 
endothelium marker, was positive; (III) if the blood vessel 
was a large one, elastic stain should also be carried out to 
look for the evidence of elastic fiber’s damage.

Measurement of serum tumor markers

Blood samples of enrolled patients were obtained by 
venipuncture within 1 week before curative surgery. 
CA19-9 and CA72-4 levels were investigated using 
electrochemiluminescence immunoassay (ECLIA), 
while others were investigated using chemiluminescence 
immunoassay (CLIA). We defined cut-off values to be 5 ng/mL  
for CEA, 39 U/mL for CA19-9, 15 U/mL for CA242,  
6.9 U/mL for CA72-4, 30.2 U/mL for CA125. A result was 
considered as positive when the serum marker level was 
higher than the corresponding cut-off value. These assays 
were done at the Department of Clinical Laboratory, 
Drum Tower Hospital Affiliated to Medical School of 
Nanjing University. We also defined some subgroups 
according to the number of elevating tumor markers for 
each patient. Combination-1 subgroup included patients 
with at least one elevating tumor marker. Combination-2 
subgroup included patients with at least two elevating 
tumor markers. Combination-3 subgroup included 
patients with at least three elevating tumor markers. 
Combination-4 subgroup included patients with at least 
four elevating tumor markers. Combination-5 subgroup 
included patients with five elevating tumor markers.

Statistical analyses

To analyze baseline characteristics, the categorical variables 
were compared with Pearson’s Chi-square test; the ranked 
variables were compared using a Wilcoxon test. The 
data for each tumor markers were express as mean ± SD 
for every subgroup. Measurement data between groups 
were compared with t-test. The odds ratios (ORs) and 
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95% confidence intervals (CIs) were calculated via both 
univariate and multivariate logistic regression models. The 
sensitivity (SEN), specificity (SPE), positive predictive 
values (PPV) and negative predictive values (NPV) of five 
biomarkers and the combination group were calculated, 
respectively.

Two-sided P values of less than 0.05 were considered 
as significant. SPSS 17.0 software was used for statistical 
analyses.

Results

The study tested the preoperative level of serum tumor marker 
and collected postoperative pathologic data of 1,005 patients. 
The patients contained 741 male and 264 female with the median 
age of 61.5 years. CVT was found in 540 (53.73%) patients  
(Table 1).

From analyzing the relationship between preoperative 
serum tumor markers and main postoperatively pathological 
parameters of gastric cancer, it showed that serum levels 
of CEA and CA72-4 of patients who were suffering from 

poorly differentiated carcinoma and low adhesive cancer 
were significantly higher than those who suffered from high 
or medium differentiated carcinoma. The similar results 
were also shown in combined group. Grouped by Lauren 
type of gastric cancer, it displayed that the serum levels of 
CEA, CA72-4 and CA125 of mixed types and diffused types 
were higher than those of intestinal types. The increase 
of each cancer marker is remarkably related with both 
positive intravascular cancer emboli and nerve infiltration. 
Meanwhile, the increase of serum markers is correlated with 
higher T-stage, N-stage and pathological AJCC stage. It has 
also been confirmed the relationship between preoperative 
serum markers and some postoperative pathological 
immunohistochemistry results. For example, it can be 
referred that HER2 status was strongly linked with some 
tumor markers, such as CEA, CA19-9, and CA242. On 
the other hand, the status of c-Met, E-cadherin as well as 
HER2 were not so closely related with preoperative serum 
tumor markers. Furthermore, we compared the mean of 
every serum tumor marker of positive CVT patients with 
those of negative ones, the results showed that the means 

Figure 1 Diagram of patients selection. Combination-1 is any tumor marker elevating of the five tumor markers; combination-2 is any 
two tumor markers elevating of the five tumor markers; combination-3 is any three tumor markers elevating of the five tumor markers; 
combination-4 is any four tumor markers elevating of the five tumor markers; combination-5 is all tumor markers elevating. TM, tumor 
marker.

1,231 patients collected between July 

2004 and April 2006

1,005 patients included

Combination-1: 327 patients 678 patients negative

226 patients excluded

 176 lack of preoperative serum tumor marker

 39 complete pathologic data

 11 R0 recection not performed

Combination-2: 145 patients 182 patients exact one elevating TM

Combination-3: 64 patients 81 patients exact two elevating TMs

Combination-4: 19 patients 45 patients exact three elevating TMs

Combination-5: 4 patients 15 patients exact four elevating TMs 
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Table 1 Baseline characteristics of the cohort and the positive percentage of the patients

Characteristics Cases
Positive cases (%)

CEA CA19-9 CA242 CA72-4 CA125 Combinatin-1

Age

≥60 615 67 (10.89%) 94 (15.28%) 83 (13.5%) 102 (16.59%) 36 (15.85%) 218 (35.45%)

<60 390 32 (8.21%) 47 (12.05%) 41 (10.51%) 58 (14.87%) 18 (4.62%) 109 (27.95%)

χ2 8.95 9.41 8.581 5.451 6.18 16.063

P 0.177 0.152 0.199 0.487 0.403 0.01*

Sex

M 741 74 (9.99%) 109 (14.71%) 90 (12.15%) 118 (15.92%) 37 (4.99%) 247 (33.33%)

F 264 25 (9.47%) 32 (12.12%) 34 (12.88%) 42 (15.91%) 17 (6.44%) 80 (30.30%)

χ2 2.75 7.18 3.035 2.039 6.60 6.53 

P 0.840 0.304 0.804 0.916 0.359 0.367 

Differentiation

High 14 0 (0) 0 (0) 1 (7.14%) 0 (0) 0 (0) 1 (7.14%)

Moderate 202 12 (5.49%) 35 (17.33%) 30 (14.85%) 21 (10.40%) 7 (3.47%) 60 (29.7%)

Low 560 59 (10.54%) 73 (13.04%) 66 (11.79%) 98 (17.5%) 30 (5.36%) 180 (32.14%)

Low adhesion 229 28 (12.23%) 33 (14.41%) 27 (11.79%) 41 (17.9%) 17 (7.42%) 86 (37.55%)

χ2 11.456 8.464 3.581 16.127 7.848 12.227 

P 0.075 0.206 0.733 <0.05* 0.249 0.057 

Lauren type

Intestinal 369 28 (7.59%) 53 (14.36%) 45 (12.2%) 41 (11.11%) 14 (3.79%) 107 (29.00%)

Diffuse 263 22 (8.37%) 39 (14.83%) 30 (11.41%) 51 (19.39%) 22 (8.37%) 98 (37.26%)

Mixed 232 31 (13.36%) 31 (13.36%) 31 (13.36%) 50 (21.55%) 12 (5.17%) 81 (34.91%)

χ2 12.65 2.25 2.297 22.353 13.05 11.52 

P <0.05* 0.896 0.890 <0.01** <0.05* 0.074 

CVT

+ 540 74 (13.70%) 108 (20.00%) 90 (16.67%) 123 (22.78%) 42 (7.78%) 232 (42.96%)

− 465 25 (5.38%) 33 (7.10%) 34 (7.31%) 37 (7.96%) 12 (2.58%) 95 (20.43%)

χ2 45.81 49.87 36.314 83.422 25.74 75.58 

P <0.01** <0.01** <0.01** <0.01** <0.01** <0.01** 

+ 603 75 (12.44%) 105 (17.41%) 85 (14.10%) 118 (19.57%) 39 (6.47%) 234 (38.81%)

− 403 24 (5.96%) 36 (8.93%) 39 (9.68%) 42 (10.42%) 15 (3.72%) 94 (23.33%)

χ2 23.15 26.80 14.614 16.218 12.13 41.32 

P <0.01** <0.01** <0.05* <0.05* 0.059 <0.01** 

T stage

1 203 0 (0) 3 (1.48%) 8 (3.94%) 11 (5.42%) 3 (1.48%) 22 (10.84%)

2 132 7 (5.30%) 13 (9.85%) 11 (8.33%) 15 (11.36%) 3 (2.27%) 30 (22.73%)

3 627 81 (12.92%) 113 (18.02%) 70 (11.16%) 127 (20.26%) 42 (6.70%) 253 (40.35%)

4 38 11 (28.95%) 12 (31.58%) 9 (23.68%) 7 (18.42%) 6 (15.79%) 22 (57.89%)

χ2 55.91 54.74 25.187 37.378 25.19 88.78 

P <0.01** <0.01** <0.01** <0.01** <0.01** <0.01** 

Table 1 (continued)
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Table 1 (continued)

Characteristics Cases
Positive cases (%)

CEA CA19-9 CA242 CA72-4 CA125 Combinatin-1

N stage

0 341 8 (2.35%) 20 (5.87%) 19 (5.57%) 27 (7.92%) 8 (2.35%) 59 (17.30%)

1 171 13 (7.60%) 19 (11.11%) 17 (9.94%) 14 (8.19%) 4 (2.34%) 41 (23.98%)

2 181 21 (11.60%) 29 (16.02%) 25 (13.81%) 30 (16.57%) 11 (6.08%) 68 (37.57%)

3 309 57 (18.45%) 73 (23.62%) 63 (20.39%) 89 (28.80%) 31 (10.03%) 159 (51.46%)

χ2 57.20 52.22 43.375 73.710 29.42 102.99 

P <0.01** <0.01** <0.01** <0.01** <0.01** <0.01** 

AJCC stage

I 264 2 (0.76%) 8 (3.03%) 8 (3.03%) 17 (6.44%) 4 (1.52%) 34 (12.88%)

II 272 22 (8.09%) 33 (12.13%) 32 (11.76%) 27 (9.93%) 8 (2.94%) 75 (27.57%)

III 465 75 (16.13%) 100 (21.51%) 84 (18.06%) 116 (24.95%) 42 (9.03%) 217 (46.67%)

χ2 57.91 60.80 48.840 69.478 33.07 110.53 

P <0.01** <0.01** <0.01** <0.01** <0.01** <0.01** 

HER2

0 305 21 (6.89%) 38 (12.46%) 32 (10.49%) 59 (19.34%) 14 (4.59%) 92 (30.16%)

1+ 262 15 (5.73%) 30 (11.45%) 33 (12.60%) 34 (12.98%) 17 (6.49%) 89 (33.97%)

2+ 226 25 (11.06%) 42 (18.58%) 32 (14.16%) 38 (16.81%) 14 (6.19%) 85 (37.61%)

3+ 101 14 (13.86%) 28 (27.72%) 24 (23.76%) 21 (20.79%) 6 (5.94%) 45 (44.55%)

χ2 14.08 25.12 16.202 9.292 3.28 12.81 

P <0.05* <0.01** <0.05* 0.158 0.773 <0.05* 

c-Met

− 151 11 (7.28%) 21 (13.91%) 17 (11.26%) 25 (16.56%) 3 (1.99%) 46 (30.46%)

1+ 373 35 (15.32%) 52 (13.94%) 52 (13.94%) 66 (17.69%) 21 (5.63%) 126 (33.78%)

2+ 222 34 (15.32%) 38 (17.12%) 30 (13.51%) 37 (16.67%) 22 (9.91%) 86 (38.74%)

3+ 118 12 (10.17%) 25 (21.19%) 18 (15.25%) 23 (19.49%) 5 (4.24%) 49 (41.53%)

χ2 12.24 8.17 3.681 3.536 16.58 8.68 

P 0.057 0.226 0.720 0.739 <0.05* 0.192 

E-cadherin

− 65 15 (23.08%) 8 (12.31%) 3 (4.62%) 11 (16.92%) 4 (6.15%) 37 (56.92%)

1+ 210 21 (10.00%) 38 (18.10%) 30 (14.29%) 46 (21.90%) 18 (8.57%) 108 (51.43%)

2+ 92 6 (6.52%) 17 (18.48%) 14 (15.22%) 15 (16.30%) 6 (6.52%) 44 (47.83%)

3+ 80 9 (11.25%) 12 (15.00%) 10 (12.50%) 22 (27.5%) 5 (6.25%) 37 (46.25%)

χ2 16.75 4.12 9.071 7.720 2.72 9.40 

P <0.05* 0.661 0.170 0.259 0.843 0.153 

PD-L1

− 435 39 (8.97%) 63 (14.48%) 54 (12.41%) 76 (17.47%) 28 (6.44%) 145 (33.33%)

1+ 80 11 (13.75%) 11 (13.75%) 8 (10.00%) 14 (17.50%) 4 (5.00%) 32 (40.00%)

2+ 6 2 (33.33%) 1 (16.67%) 1 (16.67%) 2 (33.33%) 0 (0) 3 (50.00%)

3+ 6 0 (0) 1 (16.67%) 0 (0) 1 (16.67%) 1 (16.67%) 2 (33.33%)

χ2 10.91 1.32 3.039 3.092 4.70 4.74 

P – 0.091 0.971 0.804 0.797 0.583 0.578 

*, P<0.05; **, P<0.01. CEA, carcinoembryonic antigen; CA, cancer antigen; CVT, cancer-related venous thromboembolism.
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of positive ones were higher than negative ones on every 
marker (Table 2). As Table 2 illustrated that the gaps of CEA, 
CA19-9 and CA242 were obvious.

Both univariate and multivariate logistic regression 
models had been built to analyze the effects of increasing 
serum tumor markers on positive CVT (Table 3). Table 3 
showed the rise of serum tumor markers could be regarded 
as a negative factor for positive CVT. The more serum 
tumor markers come out, the higher the risk of positive 
CVT can be. The incidence of positive CVT would be 2.9 
times that of a normal patient with any one of the tumor 
markers increases. With the increase of any 4 of the tumor 
markers can make the risk rise 16.4 times. The sensibility 
and specificity for positive CVT have been calculated 
by analyzing tumor markers separately as well as in 

combination (Table 4). It can be projected from Chart 4 that 
the specificity of tumor markers was as higher as the more 
abnormal tumor markers there were. The specificity can be 
up to 95.7% when at least 4 tumor markers were used to 
predict. On the other hand, when it was predicted by tumor 
markers separately, the result of sensibility for positive CVT 
was not ideal which specificity was 43.0% at most.

Discussion

The results of this study showed that there were at least 
one tumor marker elevation in 42.96% of the postoperative 
patients with CVT.

Most gastric cancers are gastric adenocarcinomas (3).  
Our study focused on the relationship between preoperative 

Table 2 Comparison of serum tumor markers according to CVT status 

Group
CVT

P-value
+ −

CEA 16.61±97.41 4.72±27.19 <0.01**

CA19-9 99.49±625.84 25.26±114.17 <0.01**

CA242 66.18±373.19 15.95±94.62 <0.01**

CA72-4 28.01±161.52 21.03±333.60 0.701

CA125 14.04±23.75 11.21±28.57 0.092

**, P<0.01. CEA, carcinoembryonic antigen; CA, cancer antigen; CVT, cancer-related venous thromboembolism.

Table 3 Univariate and multivariate analyses of tumor marker and combination markers 

Indicators Crude OR P aOR※ P

CEA 2.795 (1.744–4.480) <0.01** 2.755 (1.717–4.419) <0.01**

CA19-9 3.544 (2.299–5.463 <0.01** 3.493 (2.264–5.388) <0.01**

CA242 2.956 (1.892–4.619) <0.01** 2.941 (1.881–4.600) <0.01**

CA72-4 3.412 (2.307–5.047) <0.01** 3.407 (2.302–5.044) <0.01**

CA125 3.184 (1.655–6.123) <0.01** 3.193 (1.657–6.152) <0.01**

Combination-1 2.934 (2.212–3.892) <0.01** 2.888 (2.176–3.835) <0.01**

Combination-2 4.536 (2.924–7.036) <0.01** 4.499 (2.898–6.984) <0.01**

Combination-3 7.721 (3.486–17.104) <0.01** 7.839 (3.534-17.386) <0.01**

Combination-4 16.000 (2.128–120.318) <0.01** 16.393 (2.177–123.451) <0.01**

Combination-5 2.592 (0.269–25.005) 0.823 2.919 (0.301–28.342) 0.856

**, P<0.01; ※, this analysis was controlled for age, sex, and tumor stage. CEA, carcinoembryonic antigen; CA, cancer antigen; OR, odds 
ratio; aOR, adjusted odds ratio.
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serum tumor markers of patients with gastric adenocarcinomas, 
such as CEA, CA19-9, CA242, CA72-4, CA125 with common 
clinical or pathological parameters. And we found that 
there was a correlation between the five tumor markers and 
postoperative CVT. Any one of the five tumor markers was 
used to predict the positivity of CVT had high specificity, 
and combination of multiple tumor markers to predict the 
positivity of CVT had an improved sensitivity.

The clinical symptoms of gastric cancer are atypical, 
many patients may miss the opportunity of curative 
surgical treatment at the first diagnosis (11,12,14). The 
diagnosis of gastric cancer relies on histomorphological and 
primarily the domain of surgical pathologists. Even though 
the current imaging examinations including computed 
tomography (CT), magnetic resonance imaging (MRI), 
endoscopic ultrasonography (EUS) can be used to assess 
whether the partial patient should undergo radical surgery 
or not, these methods are difficult to assess whether the 
existence of CVT. In recent years, there are more and 
more serum biomarkers discovered for gastric cancer 
patients (15-19). Detection of serum tumor markers are 
an inexpensive, convenient method that patients may 
afford, however, the sensitivity and specificity of the 
detection are not satisfactory for clinical use. Their use in 
gastric cancer can be acknowledged in: (I) monitoring the 
effectiveness of cytostatics, while the gold standard remains 
to be radiological assessment; (II) the follow-up period, 
however their role is currently under debate because 
an early detection of relapse does not improve survival 

rates (10). Many studies have shown that for patients 
with gastric cancer, the positivity of CEA, CA19-9, and 
CA72-4 are associated with many clinicopathological 
factors, including tumor infiltration depth, lymph node 
involvement, peritoneal metastases, and cancer stage 
(7,8,12). Despite the positive rates of the three serum 
tumor markers are similar, some research have shown that 
CA72-4 is the best among the three (20,21). In our study, 
serum CA72-4 has no advantage relativity with tumor 
differentiation, or Lauren types. The possible reason may 
be that our study is a retrospective study that our patients 
were only received curative surgery, most of which were 
not stage IV disease. Besides clinicopathological factors, 
serum tumor marker always have relationship with cancer 
recurrence and prognosis in the patients with gastric cancer 
(22,23). In terms of recurrence and prognosis of gastric 
cancer, the sensitivity and specificity of serum tumor 
markers are much higher than for the diagnosis. Serum 
tumor markers can also be used as monitor markers during 
treatment of gastric cancer, CEA and CA19-9 are the 
common markers which are used as monitoring indicators 
(11,24). In addition we also found that the relationship 
between clinicopathological parameters with any one of 
the five tumor markers separately and the combination 
of some serum tumor markers may be more useful in 
clinical work. Some studies discussed that combination of 
two or three tumor markers, and the results showed that 
the combination of tumor markers to assess the status of 
the patients may have a better effect (25-27). Therefore, 

Table 4 Sensitivity and Specificity Results of tumor markers and CVT 

Factors Sensitivity (%) Specificity (%) PPV (%) NPV (%)

CEA 13.75 94.59 74.75 48.50

CA19-9 20.00 92.87 76.60 49.88

CA242 19.74 91.58 72.58 50.27

CA72-4 26.62 90.91 76.88 52.19

CA125 7.79 97.41 77.78 47.57

Combination-1 42.96 79.57 70.95 54.57

Combination-2 21.85 94.19 81.38 50.93

Combination-3 11.52 98.49 89.06 51.12

Combination-4 3.33 99.78 94.74 47.06

Combination-5 0.56 99.78 75.00 46.35

CEA, carcinoembryonic antigen; CA, cancer antigen; PPV, positive predictive values; NPV, negative predictive values.
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in our study, we investigated the statistic relationship 
between preoperative serum level of the five tumor markers 
and clinicopathological characteristics of gastric cancer. 
Furthermore, for CVT we not only investigated each one 
of the five tumor markers, but also the combination. The 
result showed that combination-1 group, which including 
patients with at least one elevating tumor marker, has the 
highest sensitivity to predict postoperative CVT.

Why are serum tumor markers associated with CVT? We 
concerned about this because the tumor has a “homotypic 
targeting”. Coated with the source cancer cell membrane 
specifically derived from the homologous tumors, the 
nanoparticles are identified with the self-recognition 
internalization by the source cancer cell lines in vitro and 
the highly tumor-selective targeting “homing” to the 
homologous tumor in vivo (28). Metastasis is associated with 
cancer-related death, while blood metastasis is an important 
part of tumor metastasis. In situ tumor infiltrate vessel by a 
series of biological behavior changes and form CVT (5). At 
present, only a few researches focus on the effect of CEA 
on the formation of the CVT. CEA is a member of the 
immunoglobulin superfamily. It’s a highly glycosylated cell 
surface glycoprotein, of molecular weight 180,000 (protein, 
72,800), and is expressed at greatly increased the levels in 
nearly all human colon carcinomas (29). Some studies on 
CEA also found it as a kind of adhesion molecules, which 
can mediate tumor adhesion in vivo (13,30). When vascular 
endothelial cells contact with tumor cells expressing CEA, 
vascular endothelial cells will also express CEA, then the 
CEA expression cell could adhere another cell with the 
similar CEA expression and form cell-cell adhesion, the 
adhesion could finally form CVT (13). The tumor cell 
which has already entered the blood vessel is now considered 
to belong to the CTCs (5,9). Once the formation of tumor 
thrombus, its invasion ability is much more than a single 
CTC, and the risk of distant metastasis will significantly 
increase. Therefore, CVT is also considered to be one of 
the poor prognosis factors of tumor. Recent studies about 
CVT concentrated in liver cancer showed the diagnosis and 
treatment of portal vein tumor thrombus and microscopic 
tumor thrombus. Some studies have indicated that the risk 
factors for early postoperative recurrence of hepatocellular 
carcinoma are the microvascular invasion. The 1-year 
recurrence rate of patients with radical resection is from 
22% to 75% (31-34). In gastric cancer, the presence of 
CVT is also related to the prognosis, but the researches are 
few. The results of our study show that 540 (53.73%) were 
with positive with CVT among 1,005 patients. We hope 

that we could predict the status of postoperative CVT from 
preoperative serum tumor markers. For those patients with 
a high risk of positive CVT, more active treatment should be 
arranged, such as preoperative neoadjuvant chemotherapy 
to reduce the positive risk of CVT and prolong the 
postoperative survival after radical surgery. Furthermore, it 
will improve the treatment effect in those patients who would 
take a CTCs detection or carry drugs through the individual 
tumor cells. And maybe we also can use serum tumor marker 
to find a strategy for cancer immunotherapy (35).

At present, the clinical research of tumor markers 
is focused on the prediction of tumor screening and 
recurrence. But there is no report about the relationship 
of markers of tumor and CVT, and its mechanism needs 
further investigation and we may find a new method to 
prevent of CVT formation and tumor metastasis.
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