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Predictive value of serum actinin-4, TFF1, and TGFBI for the prognosis of 

patients with hepatocellular carcinoma after transarterial chemoembolization 

        

             

    

                 

              

                 

                   

                  

                  

                  

                    

                   

                  

                   

                    

                   

                  

                

               

                       

                

                   

                   

                         

                    

                   

           

   

 
Primary hepatocellular carcinoma (PHC) is one of 

the common malignant tumors in the digestive system, 
and its early symptoms are not obvious, and most of the 
patients have already been in the middle or late stage 
when they consult the doctor, missing the best time for 
surgical treatment[1]. At this time, transarterial 
chemoembolization (TACE) via catheter is the first 
choice for patients with PHC. TACE is simple to operate, 
blocking the blood supply of the tumor through 
embolizing agent and prompting ischemic necrosis of the 
tumor tissues to achieve the therapeutic purpose[2]. 
However, some patients with PHC may develop 
intrahepatic metastasis or recurrence of tumor cells after 
TACE[3-4]. Therefore, it is necessary to predict the poor 
prognosis of patients with PHC after TACE effectively. 
As an actin-binding protein, actinin-4 is involved in 
reconstruction of cytoskeleton, cell adhesion and 
morphology regulation. It is closely related to tumor-cell 

invasion and migration[5]. Trefoil factor 1 (TFF1) is one 
of the gastric mucoprotective factors, which plays an 
important role in the repair process of gastrointestinal 
mucosal damage and is abnormally expressed in a variety 
of malignant tumors[6]. Transforming growth 
factor-β-induced protein (TGFBI) is secreted by 
transforming growth factor-β, which can promote 
epithelial-mesenchymal transition in gastric cancer cells 
and is closely related to tumor recurrence and 
metastasis[7]. Previous studies have shown that actinin-4, 
TFF1, and TGFBI all play important roles in the 
development of gastric cancer[5-7]. Therefore, the three 
protein may have a specific predictive value for the 
prognosis of patients with PHC after TACE. Based on this, 
the aim of this study was to investigate the predictive 
value of serum actinin-4, TFF1, and TGFBI on the 
prognosis of patients with PHC after TACE, and to 
provide a reference for the improvement of the prognosis 
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Abstract: Objective To investigate the predictive value of serum actinin-4, trefoil factor 1 (TFF1), and transforming growth 
factor-β-induced (TGFBI) protein for the prognosis of patients with hepatocellular carcinoma (HCC) after transarterial 
chemoembolization (TACE). Methods From January 2020 to January 2023, 312 patients with HCC who underwent TACE in 
Shijiazhuang People's Hospital were collected as the study From January 2020 to January 2023, 312 patients with HCC who 
underwent TACE in Shijiazhuang People's Hospital were collected as the study subjects (HCC group), patients with PHC were 
separated into a good prognosis group (n=252) and a poor prognosis group (n=60) based on their postoperative conditions, 
another 312 patients who underwent health examinations were collected as the control group. Serum levels of actinin-4, TFF1, 
and TGF1 were measured in the control group. Serum levels of actinin-4, TFF1, and TGFBI were detected by ELISA. Logistic 
regression was applied to analyze the influencing factors of poor prognosis in patients with HCC after TACE. Logistic regression 
was applied to analyze the influencing factors of poor prognosis in patients with HCC after TACE. Receiver operating 
characteristic curve (ROC) was applied to analyze the predictive value of serum actinin-4, TFF1, and TGFBI for poor prognosis 
after TACE in patients with HCC. Results There was no obvious difference in gender, age, Child-Pugh grade, and clinical stage 
between the group with good prognosis and the group with poor prognosis. prognosis and the group with poor prognosis 
(P>0.05), but there were statistically differences in tumor size and portal vein tumor thrombus (P<0.05). Compared with control 
group, the serum levels of actinin-4 [(45.67±10.23) pg/mL vs (28.25±6.96) pg/mL, t=24.868, P<0.01], TFF1 [(5.04±1.53) ng/mL 
vs (2.32±0.64) ng/mL, t=28.969, P<0.01], TGFBI [(19.16±4.36) ng/mL vs (10.25±2.43) ng/mL, t=31.530, P<0.01] were obviously 
higher in the HCC group . Compared with the group with good prognosis, the serum levels of actinin-4, TFF1, and TGFBI in the 
group with poor prognosis were obviously increased (P<0.01). The results of multivariate logistic regression analysis showed 
that tumor size, portal vein tumor thrombus, serum actinin-4, TFF1, and TGFBI were all influencing factors for poor prognosis 
of patients with PHC after TACE (P<0.05). ROC curve results showed that the combined prediction of serum actinin-4, TFF1, 
and TGFBI for poor prognosis after TACE in HCC patients had an AUC of 0.926, a sensitivity of 81.3%. a sensitivity of 81.3%, and a 
specificity of 76.8%. Conclusion The serum levels of actinin-4, TFF1, and TGFBI in patients with poor prognosis after TACE for 
HCC are obviously increased, and the combined determination of the three has good predictive value for prognosis of patients. 
Keywords: Primary hepatocellular carcinoma; Transarterial chemoembolization; Actinin-4; Trefoil factor 1; Transforming 
growth factor-β-induced protein
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of patients with PHC. 
 
1 Materials and methods 
 
1.1 General information  
 

Three hundred and twelve patients with PHC who 
were underwent TACE at Shijiazhuang People's Hospital 
from January 2020 to January 2023 were selected for the 
study (PHC group), including 188 males and 124 females, 
aged 40-72 (55.75±6.13) years.  

Inclusion criteria: (1) meeting the diagnostic 
criteria related to PHC[8], and confirmed by liver tissue 
biopsy; (2) all meeting the indications for TACE 
treatment; (3) undergoing TACE treatment for the first 
time; (4) Child-Pugh grading of grade A or B; (5) clinical 
staging II-III; (6) complete clinical data of patients.  

Exclusion criteria: (1) combination of other 
malignant tumors; (2) the presence of previous history of 
liver surgery; (3) the presence of liver metastasis; (4) 
abnormal immune function; (5) contraindication to 
interventional therapy; and (6) the expected survival 
time was less than 6 months. Another 312 cases were 
selected as the control group from those who underwent 
health examination in Shijiazhuang People's Hospital 
during the same period. Among them, 182 cases were 
male, 130 cases were female, and their ages ranged from 
40 to 73 (55.25±6.27) years old, and the differences 
between the PHC group and the control group were not 
statistically significant in terms of gender and age 
(P>0.05). This study was reviewed and approved by the 
Ethics Committee of the hospital. 
 
1.2 Methods  
 
1.2.1 Serum actinin-4, TFF1, TGFBI levels  

A total of 5 mL of fasting elbow venous blood was 
drawn from patients with PHC before treatment and the 
control group on the day of physical examination, 
centrifuged at 3,500 r/min for 15 min and the supernatant 
was separated, packed in EP tubes and refrigerated at -80 ℃ 
to be measured. The levels of serum actinin-4, TFF1 and 
TGFBI were determined by ELISA, the absorbance of 
different concentrations of standard solutions at 450 nm 
was measured by ELISA and a standard curve was plotted, 
the absorbance of each sample was measured, and the 
levels of serum actinin-4, TFF1 and TGFBI were 
calculated according to the standard curves. Actininin-4 
and TGFBI kits were supplied by Shanghai 
Enzyme-linked Biotechnology Co., Ltd. (Batch No. 
ml063245, ml061150), and TFF1 kit was provided by 
Abcam (Lot Number: ab277718). 

 
1.2.2 Short-term prognostic assessment  

At the patient's follow-up visit 4 weeks after surgery, 
an enhanced CT or MRI was performed to measure all 
target lesions, and the patient's short-term prognosis was 
assessed according to Solid Tumor RECIST gudielines 
(version 1.0)[9]: (1) complete remission: disappearance of 

the solid lesions in the target area after TACE treatment 
and maintained for more than 4 weeks; (2) partial 
remission: the sum of the largest diameters of the lesions 
was reduced by more than 30% compared with the 
baseline level and maintained for more than 4 weeks; (3) 
stable disease: no new lesions appeared, and the sum of 
the diameters of the solid lesions was reduced by less 
than 30% compared with the baseline level, or increased 
by less than 20%; and (4) disease progression: the 
emergence of new lesions or an increase of the sum of the 
largest diameters of the lesions by more than 20%. 
Patients with complete and partial remission were 
included in the good prognosis group (n=252), and 
patients with stable disease and disease progression were 
included in the poor prognosis group (n=60). 

 
1.3 Statistical methods  
 

SPSS 25.0 statistical software was used for statistical 
analysis. Normally distributed measurement data were 
expressed by x ± s , and differences between the 2 groups 
were compared using the group t-test. Enumeration data 
were described by cases, and comparisons were 
performed with the Chi-square test. Multivariate logistic 
regression was used to analyze the factors influencing the 
poor prognosis of TACE in patients with PHC. The ROC 
curve analyzed the predictive value of serum actinin-4, 
TFF1, and TGFBI for the poor prognosis of patients with 
PHC following TACE. The predictive value of poor 
prognosis of patients with PHC by actinin-4, TFF1, and 
TGFBI was analyzed by comparing the area under the 
ROC curve of actinin-4, TFF1, and TGFBI in 
combination with the area under the ROC curve of the 
three independently predicting the prognosis of the 
patients by the Z-test. P<0.05 indicates statistically 
significant differences. 
 
2 Results 
 
2.1 Comparison of general information between the 
good prognosis group and the poor prognosis group 
 

The difference between the good prognosis group 
and the poor prognosis group was not statistically 
significant in terms of gender, age, Child-Pugh 
classification, and clinical staging (P＞0.05). The number 
of cases of patients with tumors ≥ 5 cm and with portal 
vein tumor thrombosis in the poor prognosis group was 
more than that in the good prognosis group (P < 0.05). 
[Table 1] 

 
2.2 Comparison of levels in serum actinin-4, TFF1, 
TGFBI 

 
Compared with the control group, serum actinin-4, 

TFF1, and TGFBI levels of patients in the PHC group 
were significantly higher (P<0.05). [Table 2] The serum 
actinin-4, TFF1, and TGFBI levels of patients in the poor 
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prognosis group were significantly higher than those in 
the good prognosis group (P<0.05). [Table 3] 
 
2.3 Logistic regression of factors affecting poor 
prognosis after TACE in patients with PHC 
 

The prognostic status of patients with PHC after 
TACE was used as the dependent variable (poor 
prognosis = 1, good prognosis = 0). Tumor size (<5 cm = 

0, ≥5 cm = 1), portal vein tumor thrombosis (yes = 1, no 
= 0), serum actinin-4, TFF1, TGFBI levels (all measured 
values) were used as independent variables for 
multivariate logistic regression. The results showed that 
tumor size, portal vein tumor thrombosis, and serum 
actinin-4, TFF1, and TGFBI were influential factors in 
the prognosis of patients with PHC after TACE (P < 0.05). 
[Table 4] 

 
Tab.1 Comparison of general information between the good prognosis group and the poor prognosis group (case) 

Item Good prognosis group (n=252) 
Poor prognosis group  

(n=60) 
χ2 value P value 

Gender     
Male 148 40 

1.275 0.259 
Female 104 20 

Age     
<55 years 134 25 

2.568 0.109 
≥55 years 118 35 

Child-Pugh classification     
A 145 33 

0.128 0.721 
B 107 27 

Tumor size     
<5 cm 154 26 

6.275 0.012 
≥5 cm 98 34 

clinical staging     
Phase II 144 28 

2.150 0.143 
Phase III 108 32 

 Portal vein tumor 
thrombosis 

113 38 6.636 0.010 

 
Tab. 2 Comparison of serum actinin-4, TFF1, and TGFBI levels between the PHC group and the control group ( x ± s ) 

Groups Cases Actinin-4 ( pg/mL ) TFF1 (ng/mL) TGFBI (ng/mL) 

Control group 312 28.25 ± 6.96 2.32 ± 0.64 10.25±2.43 
PHC group 312 45.67±10.23 5.04 ± 1.53 19.16±4.36 

t value  24.868 28.969 31.530 
P value  <0.001 <0.001 <0.001 

 
Tab.3 Comparison of serum actinin-4, TFF1, and TGFBI levels between the group with good prognosis and the group with poor 

prognosis ( x  ± s  ) 

Groups Cases Actinin-4 (pg/mL) TFF1 (ng/mL) TGFBI (ng/mL) 

Good prognosis group 252 43.02±10.32 4.62±1.38 18.12±4.15 
Poor prognosis group 60 56.81±9.86 6.78±2.15 23.52±5.24 

t value  9.380 9.663 8.586 
P value  <0.001 <0.001 <0.001 

 
Tab.4 Logistic regression of factors affecting poor prognosis after TACE in patients with PHC 

Item β SE Wald2 P value HR 95% CI 

Tumor size 0.305 0.143 4.557 0.033 1.357 1.025-1.796 
Portal vein tumor 
thrombus 

0.393 0.155 6.442 0.011 1.482 1.094-2.008 

Actinin-4 0.551 0.161 11.713 0.001 1.735 1.265-2.379 
TFF1 0.490 0.159 9.513 0.002 1.633 1.196-2.230 
TGFBI 0.722 0.221 10.665 0.001 2.058 1.335-3.174 

 
 
2.4 Predictive value of serum actinin-4, TFF1 , 
TGFBI on prognosis after TACE in patients with 
PHC 

 
The results of ROC curves showed that actinin-4 

predicted poor prognosis after TACE in patients with 
PHC with an AUC of 0.811 (95% CI: 0.750-0.872). The 

sensitivity and specificity were 83.3% and 62.3%, 
respectively, and the cut-off value was 49.98 pg/mL. 
TFF1 predicted poor prognosis after TACE in patients 
with PHC had an AUC of 0.829 (95% CI: 
0.761-0.897), had a sensitivity and specificity of 83.3%, 
65.4%, and a cut-off value of 5.92 ng/mL. TGFBI 
predicted poor prognosis after TACE in patients with 
PHC. The AUC for predicting poor prognosis after TACE 
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in patients with PHC was 0.822 (95% CI: 0.755-0.888), 
the sensitivity and specificity were 83.3% and 63.5%, 
respectively, and the cut-off value was 21.48 ng/mL. The 
AUC for predicting poor prognosis after TACE in patients 
with PHC by combining the three was 0.926 (95% CI: 
0.889-0.963), the sensitivity was 81.3%, and the 
specificity was 76.8%. The AUC predicted by the 
combination of the three was significantly greater than 
the AUC predicted by actinin-4 alone (Z=3.162, P=0.002), 
TFF1 alone (Z=2.436, P=0.015), and TGFBI alone 
(Z=2.670, P=0.008). [Figure 1] 

 
Fig. 1 ROC curve for predicting poor prognosis after TACE in 

patients with PHC 
 

3 Discussion 
 

Patients with PHC do not have specific symptoms in 
the early stage, so most of them are already in the middle 
and advanced stages when diagnosed, which misses the 
perfect time for surgical treatment[10]. TACE is a 
commonly used clinical treatment method that can better 
reduce the tumor's size and improve patients' clinical 
symptoms. It is suitable for middle or advanced-stage 
patients with PHC who cannot undergo surgery to remove 
tumor [11]. However, the hypoxic microenvironment 
generated during TACE is conducive to tumor cell growth, 
formation of new blood vessels, and alteration 
of bioactive substances associated with matrix 
degradation, which leads to tumor recurrence or 
metastasis, thus seriously affecting the prognosis of 
patients[12]. Currently, the prognosis of patients 
undergoing cancer treatment is mainly assessed by 
imaging techniques, which can be used to evaluate the 
prognosis of patients by observing the changes in the 
target lesions. However, this method is affected by 
various influential factors and has no predictive value 
because it is difficult to show the blood flow inside the 
tumor[13]. 

Actinin-4 is an actin-binding protein and a 
component of the cytoskeleton, with an actin-binding 
domain at the N-terminal end, which can cross-link with 
actin to maintain cellular structure and enhance cellular 

motility[14]. Previous studies have shown that actinin-4 
is closely related to tumor invasion and metastasis, and 
can be used as a marker for various malignant tumors[15]. 
Fang et al.[16] showed that the serum levels of actinin-4 
in breast cancer patients were significantly higher than 
those in healthy controls, and had a good predictive value 
of the clinical outcomes of breast cancer patients. The 
results of this study showed that serum actinin-4 levels in 
patients with PHC were significantly higher than those in 
the control group, and the trend of the level change was 
consistent with the results of the above study. Further 
analysis showed that the serum actinin-4 levels of patients 
in the poor prognosis group were significantly higher than 
those in the good prognosis group, suggesting that 
actinin-4 may be involved in the development and tumor 
progression of PHC. The reasons may be due to the fact 
that actinin-4 can promote the phenotype transformation 
and epithelial-mesenchymal transformation of tumor cells, 
which promotes the tumor invasion and metastasis. 
Overexpression of actinin-4 leads to the increase of the 
invasion and metastasis of tumor cells by interacting with 
actin cytoskeleton, which promotes the development of 
patients' poor prognosis The results of the multivariate 
logistic regression analysis showed tha high expression of 
actinin-4 was an independent risk factor for poor 
prognosis of patients with PHC. Therefore, the prognosis 
of patients can be evaluated by determining the 
expression of serum actinin-4 in patients with PHC. 

TFF1 is a small polypeptide mainly derived from 
gastrointestinal mucosal cells belonging to one of the 
trilobal factor family members. Previous studies have 
shown that TFF1 is a key oncogene, which is highly 
expressed in the serum or tissues of patients with a 
variety of malignant tumors and is closely related to 
tumor cell proliferation and apoptosis, and is also 
involved in the metastasis and vascularization of tumor 
cells[17-18]. Hu et al.[19] found that serum TFF1 levels 
were significantly higher in breast cancer patients than in 
healthy controls, and its expression level was closely 
related to the clinical stage of patients. In this study, 
serum TFF1 levels in patients with PHC were 
significantly higher than those in the control group, and 
the poor prognosis group was significantly higher than 
the good prognosis group. The results of this study are 
consistent with the findings of Zhang [20] et al. in the 
serum of patients with PHC, which initially suggest that 
serum TFF1 may be involved in the development and 
progression of PHC. When the expression level of TFF1 
is elevated, the expression of cell cycle protein D1 also 
increases in cells, promoting cell proliferation and tumor 
development. TFF1 also promotes cell detachment and 
tumor angiogenesis, which in turn promotes the 
infiltration and metastasis of tumor cells[17]. In addition, 
a high level of TFF1 is an independent risk factor for poor 
prognosis after TACE in patients with PHC, which is 
almost consistent with the results of Zhang[20] et al. 

TGFBI can be directly involved in a variety of 
clinical diseases, such as malignant tumors, diabetes 
mellitus, corneal dystrophy, etc.[21]. Fico et al.[22] 
showed that TGFBI was highly expressed in patients with 
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breast cancer, and it could be involved in breast cancer 
progression and metastasis by regulating the mechanism 
of tumor hypoxia in breast cancer. This study showed that 
serum TGFBI levels were significantly higher in patients 
with PHC than in the control group, and were 
significantly higher in the poor prognosis group than in 
the good prognosis group. TGFBI is an extracellular 
matrix molecule that can activate 
matrix metalloproteinases by binding to adhesins or 
promoting neovascularization, thus promoting tumor cell 
invasion and metastasis. In addition, this study showed 
that the survival prognosis of patients with high TGFBI 
expression was poor, and serum TGFBI was an influential 
factor in the poor prognosis of patients with PHC, 
suggesting that TGFBI could be used as a tumor marker 
for the prognosis determination of patients with 
PHC. The ROC results showed that serum actinin-4, 
TFF1, and TGFBI predicted the poor prognosis of 
patients with PHC after TACE with high predictive 
efficacy, and the highest predictive value was found when 
they were detected in combination. 

In summary, actinin-4, TFF1, and TGFBI were 
highly expressed in the serum of patients with poor 
prognosis after TACE for PHC. All three have a specific 
predictive value for patients' poor prognosis, and the 
combined predictive value is higher. However, this study 
has some limitations, as it is a single-center experiment 
and does not dynamically monitor the levels of patients' 
serum actinin-4, TFF1, and TGFBI. In the future, we can 
dynamically monitor the changes in the levels of patients' 
serum actinin-4, TFF1, and TGFBI and further validate 
the conclusions of this study with prospective, 
multicenter experiments. 
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