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Abstract 

Background. The specific organ microenvironment can promote the colonization of 

tumor cells. However, lack of research shed light on the liver microenvironment in 

synchronous liver metastasis in patients with gastric cancer (synGCLM). With the 

epidemic of HBV infection in China, we aim to explore the influence of hepatitis B 

surface antigen (HBsAg) on the risk of synGCLM. 

Methods. It was a cross-sectional study that enrolled 858 cases of newly diagnosed GC. 

The inclusion criteria were as follows: 1) Newly diagnosis GC by pathological reports 

of gastroscopic biopsy or surgical specimen; 2) No surgery, chemotherapy or other 

treatments were given in other hospitals before admission; 3) SynGCLM confirmed by 

biopsy or imaging evaluation reported by two senior radiologists, and complete imaging 

examination to detect other distant organ metastases; 4) Complete medical records 

including demographic information, tumor characteristics, HBV serologic assay and 

other clinical factors. HBsAg-positive was defined as the detection of serum HBsAg 

more than 10 IU/mL. The prevalence of synGCLM was compared between patients 

with HBsAg (HBsAg+) and those without HBsAg (HBsAg-). The risk factors for 

synGCLM were analyzed by univariate and multivariate logistic regression analyses. 

Especially in the HBsAg+ GC patients, aspartate aminotransferase to platelet ratio index 

(APRI), liver fibrosis-4 index (FIB-4) levels and hepatitis B e antigen (HBeAg) status 

were further analyzed.  

Results. The prevalence of synGCLM of the HBsAg+ group was 16.7%, higher 

compared to 7.0% of the HBsAg- group, which was of statistical significance (p = 



 

0.014). Multivariate logistic regression analysis demonstrated that HBsAg (OR = 3.359, 

p = 0.008), the elevated level of carcinoembryonic antigen (CEA) (OR = 3.775, p < 

0.001), alpha-fetoprotein (AFP) (OR = 6.204, p < 0.001), γ-glutamyltransferase (GGT) 

(OR = 5.081, p < 0.001), alkaline phosphatase (ALP) (OR = 3.968, p = 0.002) and age 

(OR = 1.028, p = 0.033) were risk factors for synGCLM. Among the HBsAg+ patients, 

both ARPI and FIB-4 were statistically higher in the patients with synGCLM 

(synGCLM+) compared to those without synGCLM (synGCLM-) (ARPI: p = 0.045; 

FIB-4: p = 0.047); HBeAg positivity was detected in 20.0% of synGCLM+ patients 

compared to 6.0% of synGCLM- patients, but the difference was of no significance (p 

= 0.190). 

Conclusions. HBV infection is a risk factor for synGCLM whereas elevated ARPI and 

FIB-4 may be pro-metastatic especially among the HBsAg+ GC patients. Age, 

preoperative CEA, AFP, GGT and ALP levels are associated with increased risk of 

synGCLM.  
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Introduction 

Gastric cancer (GC) ranks fifth among the most recurrent diagnosed cancers whereas 

third among the widespread causes of cancer-related death worldwide (1). Meanwhile, 

GC is more severe in China as it ranks the second most familiar diagnosed cancer 

especially in males, and the second dominant cause of cancer-related death. Newly 

reported by National Cancer Center, there were approximately 679,100 newly 

diagnosed GC patients and 498,000 cases dead of GC (2). GC patients always have a 

poor prognosis due to presenting with distant metastases at the initial diagnosis of the 

primary tumor. And the liver is the most frequently metastatic organ of GC as a result 

of its unique anatomical structure (3). Previous studies have shown that about 2.0%-

9.9% of GC patients present synchronous liver metastases (synGCLM) at initial 

diagnosis of the primary site, and up to 37% of GC patients develop metachronous liver 

metastasis after radical gastrectomy (4). Unfortunately, the 5-year survival rate of 

synGCLM is not more than 20% due to losing the chance of undergoing curative 

resection and optimal treatments (5-7). 

Distant metastasis plays an inevitable role in the prognosis of advanced GC. The seed 

and soil hypothesis refers that the compatibility between tumor cells (‘seed’) and a pre-

metastatic niche (‘soil’) is needed, which explains the mechanism of cancer metastasis 

(8). Previous clinical studies focused on the risk factors for GC liver metastases (GCLM) 

from the side of ‘seed’, such as the aggressive behavior of tumor cells (5, 9-11).T stage, 

N stage, tumor size, tumor location, histological type, lymphovascular invasion, 

intestinal subtype and race were associated with GCLM (5, 9-11). However, lack of 



 

research shed light on the liver microenvironment (‘soil’) in GCLM. As the specific 

organ microenvironment can promote the colonization, survival and proliferation of 

tumor cells, our article tried to demonstrate the influence of the liver-specific 

microenvironment (‘soil’) on GC metastasis, which is rarely debated.  

Hepatitis B virus (HBV) infection is one of the epidemic diseases in China 

manifested by the 5%-6% seropositivity of hepatitis B surface antigen (HBsAg) in the 

general population, which is significant in the progress of liver diseases including 

hepatocellular carcinoma (HCC) (12-16). A study conducted by Wei proposed that HBV 

infection was a possible significant indicator for predicting the development of GC (17), 

while the influence of HBV infection on synGCLM remains unclear. It was also 

reported that colorectal patients with chronic HBV infection and active chronic hepatitis 

B significantly increased the risk of liver metastasis (15, 18). With the epidemic of HBV 

infection in China, and as colorectal and gastric cancer both metastasize to the liver via 

the portal venous system, it’s our priority to evaluate the impact of HBV infection on 

premetastatic microenvironment formation in patients with GC. In the study, by 

conducting a large-sample, cross-sectional study of 858 cases with newly-diagnosed 

GC, we obtained some meaningful and unique results about the potential association 

between HBV infection and synGCLM.    

We present the following article in accordance with the STROBE reporting checklist.    

Methods 

Study population 

This study is cross-sectional, which enrolled all consecutive cases of newly-



 

diagnosed GC in the Affiliated Zhongda Hospital of Southeast University from May 

2013 to May 2020. The inclusion criteria were as follows: 1) Newly diagnosis GC by 

pathological reports of gastroscopic biopsy or surgical specimen in our hospital; 2) No 

surgery, chemotherapy, radiotherapy or other treatments were given in other hospitals 

before admission; 3) Liver metastases confirmed by ultrasound, computed tomography 

(CT), magnetic resonance imaging (MRI), positron emission tomography/computed 

tomography (PET/CT) or liver biopsy, and complete imaging examination to detect 

other distant organ metastases; 4) Complete medical records including demographic 

information, serologic assay, tumor characteristics. We excluded the patients who 

confirmed to one of the following standards: 1) Pathologically confirmed as gastric 

lymphoma, gastrointestinal stromal neoplasms, gastric leiomyoma; 2) Accompany with 

hepatitis virus infection other than HBV or with liver diseases such as fatty liver, 

alcohol liver and further apparent liver damage; 3) Lack of necessary clinical 

information; 4) History of primary tumors in other organs except for stomach. The study 

was reviewed and approved by the ethics committee of Zhongda Hospital, Southeast 

University. The study protocol protected the confidential information of enrolled 

patients by following the provisions of Helsinki Declaration. Due to the study was 

retrospective, written informed consents were not obtained. 

Data characteristics 

We collected information including demographic data: gender, age, laboratory tests: 

HBsAg, aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-

glutamyltransferase (GGT), alkaline phosphatase (ALP), total bilirubin (TBIL), platelet 



 

(PLT), fibrinogen (FIB) and tumor markers: carcinoembryonic antigen (CEA), 

carbohydrate antigen 19-9 (CA199), alpha-fetoprotein (AFP). In our hospital, the 

biochemical markers were calculated based on the rate method, using a Beckman 

Coulter AU5800. Meanwhile the tumor markers were evaluated using the 

electrochemiluminescence technology on a Roche Cobas e 801modulator analyzer. In 

order to further evaluate the extent of HBV-related liver fibrosis, non-invasive models 

such as AST to platelet ratio index (APRI) and liver fibrosis-4 index (FIB-4) were 

calculated among the HBsAg-positive (HBsAg+) patients. The upper limit of normal 

AST was 40 IU/L in our hospital. The study also collected pathological data of all 

patients, including primary tumor location and differentiation, based on the guideline 

of the American Joint Committee.  

SynGCLM is defined as liver metastasis detected before or at the meantime of 

diagnosing primary GC. All diagnoses of liver metastases were confirmed by biopsy or 

imaging evaluation reported by two senior radiologists. HBV infection is characterized 

by HBsAg seropositivity. And HBsAg+ was defined as the detection of serum HBsAg 

more than 10 IU/mL by chemiluminescence microparticle immunoassay using the 

Abbott Architect i2000 system in our hospital. 

Study design 

On one hand, depending on the presence of HBsAg, all the 858 patients were divided 

into two cohorts. The prevalence of synGCLM and baseline characteristics were 

compared between HBsAg+ and HBsAg-negative (HBsAg-) patients. Among the 

HBsAg+ cohort, ARPI, FIB-4 levels and hepatitis B e antigen (HBeAg) status were 



 

compared between patients with synGCLM and without synGCLM. On the other hand, 

all patients were divided into two cohorts (with synGCLM vs without synGCLM), and 

clinicopathological parameters were compared between the two cohorts. Univariate and 

multivariate logistic regression analyses were used to analyze the significant predictors 

for synGCLM. The study design flowchart was presented (Figure 1). 

Statistical analysis 

Continuous data was first undergone a normality test. Wilcoxon rank-sum test was 

applied to continuous variables with skewed distribution and expressed as the median 

(range). Chi-square test and Fisher’s exact test were utilized to compare qualitative 

variables and shown in the form of a percentage. Firstly, baseline characteristics of 

patients with GC were compared between HBsAg+ and HBsAg- patients. 

Clinicopathological parameters that were considered clinically relevant were compared 

between two cohorts (with synGCLM vs without synGCLM). Univariate logistic 

regression analysis was performed to find out possible risk factors for synGCLM, and 

for the covariates which showed a univariate relationship with synGCLM in the 

previous analysis, multivariate logistic regression analysis was further carried out. 

SPSS version 25.0 software (IBM SPSS Statistics, RRID:SCR_019096) was performed 

on all statistical analyses. And a two-tailed P value less than 0.05 was considered to be 

statistically significant.   

Results 

Baseline characteristics of GC patients 

This study enrolled the entire 858 cases of newly diagnosed GC between May 2013 



 

and May 2020 in our hospital. There were 60 (7.0%) patients with HBsAg and 798 

(93.0%) without HBsAg. According to the HBV infection status, these cases divided 

into two groups: HBsAg+ and HBsAg-. The baseline characteristics of these two groups 

are summarized (Table 1). By Chi-square test, the prevalence of synGCLM in the 

HBsAg+ group was 16.7%, which was statistically higher compared to that of 7.0% in 

the HBsAg- group (p = 0.014). No statistical differences were found in age, gender, 

tumor location, grade between HBsAg+ and HBsAg- patients by Chi-square test and 

non-parametric test (p > 0.05). Figure 2 showed the typical CT, MRI and 

histopathological images of HBV infection leading to liver metastasis in GC patients, 

respectively. 

Risk factors for synGCLM 

SynGCLM was diagnosed in 66 patients during the study period, and the overall 

prevalence of synGCLM was 7.7%. For patients with synGCLM (synGCLM+) and 

without synGCLM (synGCLM-), no statistical differences were found in terms of 

gender, tumor location, grade, PLT, ALT, TBIL, FIB (p > 0.05) (Table 2). Following 

univariate logistic regression, HBsAg, CEA, CA199, AFP, AST, GGT, ALP and age 

were statistically significant associated with synGCLM, which were noted (Table 3). 

These eight independent variables were further chosen for the subsequent multivariate 

logistic regression analysis to find out the possible risk factors for synGCLM (Table 4). 

The results demonstrated that not only HBsAg+ (vs HBsAg-; OR, 3.359; 95% 

confidence interval, 1.337-8.191; p = 0.008), but also elevated levels of preoperative 

CEA (OR = 3.775, p < 0.001), AFP (OR = 6.204, p < 0.001), GGT (OR = 5.081, p < 



 

0.001), ALP (OR = 3.968, p = 0.002) and age (OR = 1.028, p = 0.033) were significant 

risk factors for synGCLM. Furthermore, the receiver operating characteristic (ROC) 

curve analysis revealed that the combination of CEA and AFP show perfect sensitivity 

and specificity for synGCLM (Figure 3). 

The effect of liver fibrosis and cirrhosis on synGCLM 

ARPI and FIB-4 values were calculated among 60 HBsAg+ patients. The median 

(25th-75th percentile) ARPI in the synGCLM+ patients was 0.629 (0.270-1.147), and it 

was significantly higher than 0.278 (0.218-0.409) of synGCLM- patients (Z = 2.003, P 

= 0.045, Mann-Whitney test). The median (25th-75th percentile) FIB-4 in synGCLM+ 

patients was 2.358 (1.775-4.489), which was also statistically higher than the median 

of 1.698 (1.098-2.403) in synGCLM- patients (Z = 1.984, p = 0.047, Mann-Whitney 

test). 

The effect of HBeAg on synGCLM 

HBeAg seropositivity was discovered in the 2 of 10 (20.0%) synGCLM+ patients and 

3 of 50 (6.0%) synGCLM- patients. The prevalence synGCLM was 40.0% (2/5) in the 

patients with HBeAg (HBeAg+) compared to that of 14.5% (8/55) in the patients 

without HBeAg (HBeAg-), but the difference was of no statistical significance (p = 

0.190, 2 test) (Table 5). 

Discussion 

The liver is the most common hematogenous metastatic organ of GC, and the patients 

usually have a dismal prognosis when diagnosed with GCLM (7). Considering that liver 

metastasis commonly accompanies by simultaneous peritoneal and distant lymph node 



 

metastases, the guideline recommends chemotherapy instead of surgery as the first-line 

treatment for GCLM, although surgical management of GCLM remained controversial 

as it could be effective in selected patients (3). Due to the limited acceptable treatments 

of synGCLM, it becomes our priority to excavate novel therapies targeted at the 

mechanism and pathways of tumor metastasis. The famous ‘seed and soil’ hypothesis 

proposes that only the microenvironment that has acquired the capacities of engraftment, 

survival support and immune evasion could become a new metastatic target organ (8). 

In the process of cancer metastasis, cancer cells first form micrometastases in distant 

metastatic organs and then proliferate into visible metastases. The specific organ 

microenvironment can promote the colonization, survival and proliferation of tumor 

cells. However, lack of research shed light on the liver microenvironment (‘soil’) in 

GCLM. Intending to early detect the high-risk individuals of synGCLM, the study 

declared whether liver disease would remodel its microenvironment to become a fertile, 

pro-metastatic soil for GC cells (‘seed’) to land and proliferate, and provided a potential 

target for the treatment of GCLM. Here, we performed a cross-sectional study to 

demonstrate the impact of HBV infection on the metastatic pattern of GC.  

We found that the prevalence of HBsAg+ was 7.0% among all the GC patients, 

following that in the general population of China (13). And the prevalence of synGCLM 

in our study was 7.7%, which was also consistent with that reported by previous studies 

(4). Results illustrated that the prevalence of synGCLM in the HBsAg+ group was 

16.7%, statistically higher than 7.0% in the HBsAg- group (p = 0.014). However, no 

significant differences were found in terms of gender, age, location, grade and 



 

histological classification, indicating the relative comparability between these two 

groups. Multivariate logistic regression analysis demonstrated that HBsAg increased 

the risk of synGCLM significantly (OR, 3.359; 95%CI, 1.337-8.191; p = 0.008). As 

HBV infection affected the metastatic pattern of tumor, a study in Italy also reported 

that the prevalence of liver metastasis increased significantly in HBsAg+ patients with 

colorectal carcinoma recently (14). Meanwhile, with the stimulation of HBsAg, 

interleukin (IL)-10, IL -12 and interferon λ (IFN) could be produced by dendritic cells, 

which proved to be important in the progression of HBV-related tumor (19). Moreover, 

HBV-encoded X protein (HBx), which is expressed by transformed hepatocytes, could 

affect differentiation and promote tumor progression metastasis, which manifested in 

the positive cross-talk with the metastasis-associated 1 (MTA1) in stabilizing hypoxia-

inducible factor (HIF)-1α (20,21). Experiments in vivo and in vitro also showed that 

HBx could promote tumor invasion by up-regulating matrix metalloproteinases (MMPs) 

and cyclooxygenase (COX)-2, which plays a vital role in tumor metastasis and 

recurrence (22). Also, HBx could up-regulate long non-coding RNA MALAT1 and 

further activate LTBP3, which resulted in the development and metastasis of the tumor 

(23). Furthermore, the transforming growth factor (TGF)-β production stimulated by 

HBx could promote Treg cell recruitment, which maintained a tolerogenic liver 

microenvironment and finally induced the development of metastasis (24,25). The 

above mechanisms may explain how HBV infection adjusts the liver microenvironment 

becoming a premetastatic niche (‘soil’) for circulating tumor cells (‘seed’) to colonize. 

Besides, a study conducted by Wei verified the objective evidence of the existence of 



 

HBV infection in GC tissues, it proposed that HBV infection was a possible significant 

indicator for predicting the development of GC (17). The influence of HBV infection 

on both GC cells and liver microenvironment may promote GC metastasis, and the 

possible interplay between GC cells and liver microenvironment need to be investigated 

in the following researches. In conclusion, the finding of HBsAg as a significant risk 

factor for synGCLM may advance the development of more unprecedented therapies 

on blocking tumor metastasis in the future and more prospective studies are urged to be 

conducted to verify our hypothesis. 

Inspired by the classic hepatitis-cirrhosis-HCC pathway, we further demonstrated 

whether liver fibrosis/cirrhosis related to HBV infection had effects on inducing GCLM. 

As liver biopsy was seldom utilized in clinical work, we adopted the noninvasive liver 

fibrosis model (ARPI/FIB-4) in assessing the degree of HBV-related liver fibrosis in 

the 60 HBsAg+ patients of GC consequently. ARPI and FIB-4 were both efficient 

indexes in evaluating liver fibrosis/cirrhosis because of taking the clinical features of 

patients, such as age, platelet, AST and ALT into consideration, and widely used in the 

clinical setting (26). The study found that both the median of ARPI and FIB-4 in the 

HBsAg+ patients with synGCLM were statistically higher than those in the HBsAg+ 

patients without synGCLM (Z = 2.003, p = 0.045; Z = 1.984, p = 0.047). HBeAg 

positivity in HBsAg+ patients with synGCLM was higher compared with that in 

HBsAg+ patients without synGCLM, although the difference wasn’t significant. A study 

conducted by Chiou in Taiwan drew a similar conclusion that cancer patients 

accompanied by liver cirrhosis had a higher prevalence of liver metastasis especially in 



 

colorectal cancer (27). Another study from China also reported that the fibrosis niche 

might be a favorable microenvironment for the formation of hepatic metastasis based 

on noninvasive liver fibrosis scores (28). The phenomenon may have resulted from 

local microenvironment change and immune reaction alteration as followed: On one 

hand, the continuous production of HBsAg can cause persistent HBV infection-

associated inflammation, which is accompanied by the transdifferentiation of hepatic 

stellate cells (HSC) into myofibroblasts. In the meantime, these fibroblasts will 

propagate, along with the deposition of the extracellular matrix, consequently lead to 

liver fibrosis even cirrhosis (29-31). On the other hand, as the component of the pro-

metastatic liver microenvironment, HSC can promote tumor growth, facilitate tumor 

invasion and suppress the anti-tumor immune response (32). Moreover, the angiogenic 

factors, for example, vascular endothelial growth factor (VEGF) and angiopoietin 1, 

could promote tumor angiogenesis in liver fibrosis environment, too (33). As a result, 

one probable interpretation of these above conclusions might be that both HBsAg and 

HBV-related liver fibrosis elevate the risk of synGCLM, whereas the impact of hepatitis 

B virus replication on synGCLM is undetermined. Although the negative result of the 

difference of HBeAg positivity was found between HBsAg+ patients with synGCLM 

and without synGCLM, it still warrants ongoing animal experiments and randomized 

controlled trials to dig into the underlying mechanism of the corresponding HBV-

related liver microenvironment alteration in the metastasis of GC.  

There were several limitations in that it was cross-sectional research performed in 

only one single center. The comorbidities like diabetes, obesity and the HBV-DNA level 



 

of all patients were insufficient. And liver fibrosis was only assessed by non-invasive 

models such as ARPI and FIB-4, other than a liver biopsy. Despite these limitations, 

our research still enrolled a relatively large number of newly diagnosed GC patients and 

providing all data on the status of hepatitis B. Apart from that, we reported full details 

of how we have conducted the study in the methods and flowchart. Moreover, our 

research explored the impact of HBV infection only on synchronous liver metastasis, 

to avoid the interference of different anti-cancer treatments among GC patients and 

imprecision information about metachronous metastasis. Besides, our study was the 

first to demonstrate the impact of not only HBV infection but also HBV-related cirrhosis 

on liver metastasis in GC. Overall, our study discovered that HBV infection and HBV-

related cirrhosis might remodel the liver microenvironment, becoming a premetastatic 

niche for GC cells to proliferate. This unique and exciting information may provide 

novel anti-cancer treatments on blocking premetastatic niche formation (‘soil’) to 

prevent liver metastasis and even cure GC metastasis in the future. In an effort to 

validate our conclusions and further explore the cause-effect relationship between HBV 

infection and synGCLM, more prospective researches containing a larger sample size 

and animal experiments are needed.  

Conclusions 

Hepatitis B virus (HBV) infection is a risk factor for synGCLM whereas liver fibrosis 

may be pro-metastatic especially among the HBsAg+ GC patients. Age, preoperative 

CEA, AFP, GGT and ALP levels are associated with increased risk of synGCLM. The 



 

relationship between active hepatitis B virus replication and liver metastasis remains to 

be further studied. 
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Figure 1 Flowchart of the study.  

Abbreviations: GC - gastric cancer; HBsAg - hepatitis B surface antigen; synGCLM - 

synchronous gastric cancer liver metastasis; ARPI - aspartate aminotransferase to 

platelet ratio index; FIB-4 - liver fibrosis-4 index; HBeAg - hepatitis B e antigen. 

 

Figure 2 CT, MRI and histopathological images of HBV infection leading to liver 

metastasis in gastric cancer patients. 

(A) The liver had a regular shape, and a mass of low-density shadow with ring-like 

enhancement could be seen in the right lobe of the liver, which had an unclear boundary. 

A large amount of liquid density shadow was seen in the abdominal cavity. (B) Multiple 

mass and nodular abnormal signals were seen in the liver parenchyma with progressive 

ring-like enhancement, and the diffusion was obviously limited. Massive ascites could 

also be seen around the liver. (C) Magnified 100 times, hematoxylin-eosin staining: 

Fibrotic changes and inflammatory cell infiltration were observed in tumor-adjacent 

tissues. There was punctate and focal necrosis of cancer cells, hyperplasia of connective 

tissue in metastases. The liver metastasis was following by the origin of gastric cancer. 

 

Figure 3 Receiver operating characteristic (ROC) analysis for the prediction of 

synchronous liver metastasis in gastric cancer patients. 

 

 



 

Table 1 Baseline Characteristics of Patients With Gastric Cancer in Hepatitis B 
Surface Antigen-Positive and -Negative Cohorts 

Factor HBsAg+ (n = 60) HBsAg- (n = 798) Z/2 Value P Value 

synGCLM(yes/no) 10/50 56/742 6.021 0.014 

Gender(male/female) 42/18 554/244 0.009 0.926 

Age, y, median(range) 63(31-87) 65(25-94) -1.657 0.097 

Primary GC     

 Tumor location   0.064  0.800 

 Cardia 13(21.7) 162(20.3)   

 Others 47(78.3) 636(79.7)   

 Grade   0.078 0.780 

 Well or moderate 19(31.7) 239(29.9)   

 Poor or undifferentiated  41(68.3) 559(70.1)   

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: HBsAg - hepatitis B surface antigen; synGCLM - synchronous gastric 
cancer liver metastasis. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 2 Clinicopathological Parameters of Gastric Cancer in synGCLM-Positive and 
-Negative Cohorts 

Factor synGCLM+ (n = 66) synGCLM-(n = 792) Z/2 

Value 
P Value 

HBsAg(yes/no) 10/56 50/742 6.021 0.014 

Gender(male/female) 47/19 549/243 0.103  0.748 

Age, y, median(range) 69(29-94) 65(25-90) 2.530 0.011 

Primary GC     

 Tumor location   0.029 0.864 

 Cardia 14(21.2) 161(20.3)   

 Others 52(78.8) 631(79.7)   

 Grade   0.362 0.547 

 Well or moderate 22(33.3) 236(29.8)   

 Poor or undifferentiated  44(66.7) 556(70.2)   

CEA, ng/mL   41.518 <0.001 

>5 38(57.6) 174(22.0)   

≤5 28(42.4) 618(78.0)   

CA199, U/mL   12.582 <0.001 

>39 21(31.8) 119(15.0)   

≤39 45(68.2) 673(85.0)   

AFP, ng/mL   77.644 <0.001 

>7 25(37.9) 49(6.2)   

≤7 41(62.1) 743(93.8)   

PLT, 109/L   0.188 0.664 

≥125 64(97.0) 752(94.9)   

<125 2(3.0) 40(5.1)   

AST, U/L   5.257 0.022 

>40 9(13.6) 45(5.7)   

≤40 57(86.4) 747(94.3)   

ALT, U/L   1.708 0.191 

>50 5(7.6) 28(3.5)   

≤50 61(92.4) 764(96.5)   

GGT, U/L   53.416 <0.001 

>60 21(31.8) 49(6.2)   

≤60 45(68.2) 743(93.8)   

ALP, U/L   47.891 <0.001 

>125 17(25.8) 33(4.2)   

≤125 49(74.2) 759(95.8)   

TBIL, umol/L   0.777 0.378 

>20 7(10.6) 60(7.6)   

≤20 59(89.4) 732(92.4)   

FIB, g/L   2.658 0.103 



 

>4 35(53.0) 338(42.7)   

≤4 31(47.0) 454(57.3)   

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: HBsAg - hepatitis B surface antigen; synGCLM - synchronous gastric 
cancer liver metastasis; CEA - carcinoembryonic ntigen; CA199 - carbohydrate antigen 
199; AFP - alpha fetoprotein; PLT - platelet; AST - aspartate aminotransferase; ALT - 
alanine aminotransferase; GGT - γ-glutamyltransferase; ALP - alkaline phosphatase; 
TBIL - total bilirubin; FIB - fibrinogen. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3 Univariate Logistic Regression Analysis of the Predictors for Synchronous 
Gastric Cancer Liver Metastasis  

Variable Coefficient SE Wald 2 P Value Odds 
Ratio 

(95%CI) 

HBsAg 0.975  0.373  6.823  0.009  2.650  (1.275-
5.506) 

CEA 1.573  0.263  35.647 <0.001  4.820  (2.876-
8.078) 

CA199 0.970  0.282  11.813 <0.001  2.639  (1.517-
4.590) 

AFP 2.224  0.294  57.427  <0.001  9.246  (5.201-
16.435) 

AST 0.964  0.390  6.100  0.014  2.621  (1.220-
5.631) 

GGT 1.957  0.303  41.801  <0.001  7.076  (3.910-
12.806) 

ALP 2.077  0.333  38.912  <0.001  7.980  (4.155-
15.324) 

Age 0.030  0.012  6.502  0.011  1.030  (1.007-
1.054) 

Abbreviations: CI - confidence interval; HBsAg - hepatitis B surface antigen; CEA - 
carcinoembryonic antigen; CA199 - carbohydrate antigen 199; AFP - alpha fetoprotein; 
AST - aspartate aminotransferase; ALT - alanine aminotransferase; GGT - γ-
glutamyltransferase; ALP - alkaline phosphatase; SE - standard error. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 4 Multivariate Logistic Regression Analysis of the Significant Predictors for 
Synchronous Gastric Cancer Liver Metastasis 

Variable Coefficient SE Wald 2 P Value Odds 
Ratio 

(95%CI) 

HBsAg 1.212  0.455  7.094  0.008  3.359  (1.337-
8.191) 

CEA 1.328  0.310  18.345  <0.001  3.775  (2.055-
6.932) 

CA199 0.314  0.353  0.790  0.374  1.369  (0.685-
2.736) 

AFP 1.825  0.340  28.869  <0.001  6.204  (3.188-
12.073) 

AST -0.742  0.579  1.645  0.200  0.476  (0.153-
1.480) 

GGT 1.626  0.403  16.275  <0.001  5.081  (2.307-
11.193 ) 

ALP 1.378  0.438  9.912  0.002  3.968  (1.683-
9.360) 

Age 0.028  0.013  4.522  0.033  1.028  (1.002-
1.055) 

Abbreviations: CI - confidence interval; HBsAg - hepatitis B surface antigen; CEA - 
carcinoembryonic antigen; CA199 - carbohydrate antigen 199; AFP - alpha fetoprotein; 
AST - aspartate aminotransferase; ALT - alanine aminotransferase; GGT - γ-
glutamyltransferase; ALP - alkaline phosphatase; SE - standard error. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 5 Prevalence of Synchronous Liver Metastasis in Hepatitis B Surface Antigen-
Positive Patients With or Without Hepatitis B e Antigen Positivity 

Group synGCLM+ synGCLM- P Value 

HBeAg+(n = 5) 2(40.0%) 3(60.0%) 0.190  

HBeAg-(n = 55) 8(14.5%) 47(85.5%)  

Abbreviations: HBeAg - hepatitis B e antigen; synGCLM - synchronous gastric cancer 
liver metastasis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 1 Flowchart of the study.  

 

 

 

 

 

 

 

 



 

 

 

Figure 2 CT, MRI and histopathological images of HBV infection leading to liver 

metastasis in gastric cancer patients. 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 3 Receiver operating characteristic (ROC) analysis for the prediction of 

synchronous liver metastasis in gastric cancer patients. 

 

 


