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Purpose: Early diagnostic biomarkers of hepatocellular carcinoma (HCC) are needed to 
distinguish hepatitis B virus (HBV) associated HCC (HBV-HCC) patients from at-risk 
patients. We assessed the diagnostic values of serum Integrin beta-like 1 (ITGBL1) for early- 
stage HBV-HCC.
Patients and Methods: We recruited 716 participators including 299 in the training and 
417 in the validation stage, (HBV-HCC, chronic hepatitis B (CHB), HBV-related liver 
cirrhosis (HBV-LC), and healthy controls) between 2017 and 2020 from three centers. 
Serum ITGBL1 was measured by ELISA. Receiver operating characteristic (ROC) was 
used to calculate diagnostic accuracy.
Results: The serum levels of ITGBL1 in HBV-HCC patients were significantly lower than 
those in CHB and HBV-LC patients. This result was confirmed in the follow-up patients who 
progressed from HBV-LC to HCC. The optimum diagnostic cutoff value of serum ITGBL1 
was 47.93ng/mL for detection of early-stage HBV-HCC. The serum ITGBL1 has higher 
diagnostic accuracy than AFP20 in differentiating the early-stage HBV-HCC from the at-risk 
patients (area under curve [AUC] 0.787 vs 0.638, p<0.05). For AFP-negative (<20ng/mL) 
HBV-HCC patients, serum ITGBL1 maintained diagnostic accuracy (training cohort: AUC 
0.756, 95% confidence interval [CI] 0.683–0.819, sensitivity 68.18%, and specificity 
68.85%; validation cohort: 0.744, 0.686–0.796, 81.13%, and 55.88%). Combination 
ITGBL1 with AFP20 significantly increased diagnostic accuracy in differentiating the HBV- 
HCC from at-risk patients (AUC 0.840; 0.868) than ITGBL1 (AUC 0.773, p<0.05; 0.732, 
p<0.0001) or AFP20 (AUC 0.705, p<0.0001; 0.773, p<0.0001) alone.
Conclusion: The serum level of ITGBL1 improved identification of AFP-negative HBV- 
HCC patients, and increased diagnostic accuracy with AFP20 together in the early detection 
of HBV-HCC.
Keywords: hepatocellular carcinoma, ITGBL1, biomarker, chronic hepatitis B, HBV-related 
liver cirrhosis

Introduction
Globally, hepatocellular carcinoma (HCC) is the fourth principal cause of death 
from cancer,1,2 as the most common subtype of liver cancer, and accounts for 
approximately 85–90% of all primary liver malignancies.3 Although the pathogen-
esis of HCC is still not clear, hepatitis B virus (HBV) infection and liver cirrhosis 
remain the major contributors to HCC comprising three main stages in the progres-
sion of chronic liver disease.3,4 Detection of early-stage HBV-HCC is vital to 
reduce disease-related mortality in at-risk populations, because patients would 
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have a higher survival rate from early tumour resection,5 

liver transplantation,6 or tumour ablation.7

Some surveillance strategies such as ultrasonography 
(US) and serum α-fetoprotein (AFP) tests at 6-month inter-
vals were recommended by guidelines8 for at-risk indivi-
duals, ie those that are serum hepatitis B virus surface 
antigen (HBsAg)-positive and/or have cirrhosis. However, 
these routine HCC screenings often have low sensitivity for 
the detection of early-stage HCC. The effectiveness of US 
is limited by tumour size9,10 or in patients with obesity, and 
AFP, the most commonly used tumour marker, has 
a suboptimal performance in certain pathological conditions 
such as chronic liver diseases, germ cell tumours, and 
gastric cancer.11,12 Therefore, there is an urgent need for 
new serum biomarkers to improve the effectiveness of the 
early diagnosis in patients with HBV-HCC.

Integrin beta-like 1 (ITGBL1) is a secretory glycopro-
tein containing ten epidermal growth factor-like repeat 
domains, and its structure is similar to that of integrin 
β.13,14 In recent years, ITGBL1 has been extensively stu-
died as a novel tumour suppressor gene that contributes to 
tumorigenesis in numerous cancers, such as ovarian 
cancer,15 breast cancer,16 and gastrointestinal cancers 
including colon17,18 and stomach cancer.19,20 In previous 
studies, it was found that ITGBL1 is significantly over-
expressed in liver fibrosis or cirrhosis tissues associated 
with HBV infection.21,22 Recently, we also showed that 
ITGBL1 plays an important role in the progression of liver 
cancer disease, including promoting cell proliferation, 
metastasis, and invasion of liver cancer cells.23 Thus, we 
hypothesised that serum ITGBL1 might be a promising 
novel biomarker for the diagnosis and progression of 
HBV-associated HCC (HBV-HCC) from at-risk indivi-
duals (patients with chronic HBV infection [CHB] and 
those with HBV-related cirrhosis [HBV-LC]).

Therefore, we designed this study to identify a new 
serum protein biomarker in HBV-HCC by enrolling 716 
participants from three clinic centres. We evaluated and 
validated the serum ITGBL1 levels for distinguishing 
HBV-HCC from at-risk individuals, as well as early- 
stage HBV-HCC from at-risk subjects, and compared its 
performance with that of AFP.

Patients and Methods
Patients and Diagnosis
To form the training cohort, participants were recruited 
from Ruijin Hospital (Shanghai, China) between 

May 2017 and March 2020 and divided into four groups: 
healthy controls (HC), patients with CHB, patients with 
HBV-LC, and patients with HBV-HCC. The validation 
cohort was recruited between April 2019 and 
September 2020 from the Third People’s Hospital of 
Changzhou (Changzhou, China) and the Shanghai 
Yangpu Hospital (Shanghai, China). The HC group com-
prised healthy volunteers with normal liver biochemistry, 
no viral hepatitis, and no history of liver or other malig-
nant diseases as confirmed by a physical examination at 
the physical examination centre of Ruijin Hospital. 
According to the American Association for the Study of 
Liver Diseases (AASLD) guidelines, CHB was defined as 
the persistent presence of HBsAg for more than 6 
months.24 Liver cirrhosis was diagnosed based on clinical, 
biochemical, imaging (splenomegaly, blunt angle, and 
morphological changes), and/or histological examinations, 
which was described in detail in the Supplementary data. 
According to 2018 Practice Guidance by the American 
Association for the Study of Liver Diseases, a majority 
of HBV-HCC patients were diagnosed by histopathologi-
cal examination when biopsy and surgical liver specimens 
were available. The diagnosis of the remaining HBV-HCC 
patients was established from imaging and serological 
examinations including ultrasonography, computed tomo-
graphy scan, hepatic angiography, and serum AFP levels 
in patients with HBV infection, in the absence of any 
alcoholic liver disease or other virus infection.25

The study protocol was approved by the ethics com-
mittee of each hospital in accordance with the Declaration 
of Helsinki. Informed consent was obtained from each 
patient for the use of their blood tests and clinical records.

Clinical Data Collection
All research data collected included age, sex, serum albu-
min level, total bilirubin level, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma- 
glutamyl transferase (GGT) prothrombin time, platelet 
count, white blood cells, HBsAg, HBV envelope antigen 
(HBeAg), AFP, tumour number, and tumour size. The 
Child–Pugh score was assessed to categorise CHB, HBV- 
LC, and HBV-HCC patients into Child–Pugh grades A, B, 
or C. The tumour stage of patients with early-stage HBV- 
related HCC was determined according to the following 
tumour staging systems: the Milan criteria,26 the TNM 
staging by the American Joint Committee on Cancer,27 

and the Barcelona Clinic Liver Cancer(BCLC) staging 
criteria.28,29

http://doi.org/10.2147/JHC.S306966                                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Journal of Hepatocellular Carcinoma 2021:8 286

Ye et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Serum Sample Collection, Storage, and 
Measurements
Peripheral blood samples from all patients were collected 
at the time of diagnosis. Blood samples were separated by 
centrifugation and frozen at −80°C until tested. Serum 
concentrations of ITGBL1 were measured using 
a commercially available sandwich ELISA according to 
the manufacturer’s recommendations (Human ITGBL1 
ELISA KIT, Jiangsu Jingmei Biological Technology Co, 
Ltd.). All measurements were performed independently by 
the laboratory personnel who were blinded to the diagnosis 
and other clinical information of the participants, and each 
sample was assayed in duplicate.

Statistical Methods
All statistical analyses were performed using SPSS for 
Windows (version 24) and MedCalc software (version 
15.2.2). For clinical characteristics, normally distributed 
continuous variables were presented as mean ± standard 
deviation, as median (interquartile range, Q25–Q75) for 
non-normally distributed continuous data, or as actual 
values (percentages) for categorical data. All continuous 
variables were checked for their distributions using the 
Kolmogorov–Smirnov normality test. Continuous vari-
ables with normal distributions were compared using the 
unpaired Student’s t-test and analysis of variance. If the 
data were not normally distributed, a non-parametric test 
was used, including the Mann–Whitney U-test (two sub-
groups) or Kruskal–Wallis test (three or more). Binary 
logistic regression analysis was applied to determine the 
best equation for probability prediction of HBV-HCC from 
CHB and HBV-LC. We compared serum ITGBL1 levels 
between HBV-HCC and HBV-LC stages using the paired 
t-test. The diagnostic values of serum ITGBL1 were 
assessed by calculating the area under the receiver operat-
ing characteristic (ROC) curve (AUC), sensitivity, and 
specificity. To evaluate the combined diagnostic accuracy 
of ITGBL1 and AFP, binary logistic regression was used 
to predict the probability of HCC. P-values were two- 
sided, and values less than 0.05 were considered statisti-
cally significant.

Results
Clinical Characteristics of the Study 
Population
According to the selection criteria, 716 participants were 
included in this study, 299 in the training stage and 417 in 

the validation stage (Figure 1). The demographic and 
pathologic features of these participants in the training 
and validation cohorts are shown in Table 1. The partici-
pants were divided into four groups: healthy control, 
chronic HBV infection, HBV-related cirrhosis, and HBV- 
related HCC. As shown in Table 1, males (84.91%) were 
predominant in HBV-related liver cancer in the training 
cohort. Their mean age was 57±10 years, the median 
serum AFP level was 62.22 ng/mL (interquartile range, 
8.74–619.30 ng/mL), 44 (41.51%) patients were AFP- 
negative (<20 ng/mL), 22 (20.75%) patients were HBeAg- 
positive, and 92 (86.79%) patients had liver cirrhosis. 
According to the Child–Pugh classification, 68 (64.15%) 
patients were classified as class A, 32 (30.19%) as class B, 
and 6 (5.66%) as class C. The proportions of BCLC stages 
were as follows: stage A 51 (48.11%) patients, stage B 21 
(19.81%), stage C-D 33 (31.13%), and missing 1 (0.94%). 
For the validation cohort, males (82.71%) were still pre-
dominant in HBV-related liver cancer. Their mean age was 
59±9 years, 53 (39.85%) patients were AFP-negative (<20 
ng/mL), 35 (26.31%) patients were HBeAg-positive, and 
93 (69.92%) patients had liver cirrhosis. We also observed 
that 65 (48.87%) patients were classified as stage A, 27 
(20.30%) as stage B, and 35 (26.32%) as stage C-D by the 
BCLC staging systems. The clinical characteristics of the 
participants did not differ significantly between the train-
ing and validation cohorts (Table S1).

Serum ITGBL1 Levels are Downregulated 
in HBV-HCC Patients Compared to 
Those in the At-Risk Group
We first investigated changes in serum ITGBL1 levels in 
the progression of liver disease from HC, CHB, and HBV- 
LC to HBV-HCC. It was unexpected that the serum level of 
ITGBL1 in the HBV-HCC group (42.89 [22.89–63.09] ng/ 
mL in the training cohort; 44.61 [25.37–62.70] ng/mL in the 
validation cohort) was significantly downregulated com-
pared to those in the at-risk groups (CHB, 78.08 
[54.68–106.5] ng/mL in the training cohort; 66.40 [48.93– 
92.07] ng/mL in the validation cohort) and HBV-LC, 64.51 
[48.59–93.51] ng/mL in the training cohort; 69.04 [45.76– 
87.95] ng/mL in the validation cohort; P<0.0001), whereas 
no significant difference was observed in comparison to that 
in HC (41.63 [23.81–58.60] ng/mL in the training cohort; 
43.08 [22.13–57.11] ng/mL in the validation cohort; 
P>0.99). The ITGBL1 serum levels did not differ signifi-
cantly between CHB and HBV-LC groups but were both 
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significantly higher than that in HC as expected (P<0.0001; 
Figure 2A and B). Remarkably, the serum ITGBL1 levels in 
early-stage HBV-HCC (41.66 [20.17–62.83] ng/mL in the 
training cohort; 40.71 [22.79–57.57] ng/mL in the valida-
tion cohort) were significantly lower compared to the at-risk 
group (Figure 2C and D).

We further carried out univariate and multivariate ana-
lyses to identify significant independent predictors of HBV- 
HCC in these at-risk patients. Age, sex, HBeAg, cirrhosis, 
albumin, AFP, and ITGBL1 were significantly correlated 
with HBV-HCC (Table 2). The multivariate results demon-
strated lower ITGBL1 levels as an independent predictors 
factor for HBV-HCC occurring in these at-risk patients 
(P<0.0001; Table 2). We also investigated whether cirrhosis 
and HBeAg level were influencing factors for the serum 

ITGBL1 level in the HBV-HCC group. The results revealed 
that the level of serum ITGBL1 in the HBV-HCC group was 
independent of cirrhosis and HBeAg. Furthermore, in the 
cirrhosis group, the serum level of ITGBL1 in HCC patients 
with cirrhosis was significantly lower than that in HBV-LC. 
Again, there was no significant difference in the serum levels 
of ITGBL1 between AFP-positive and AFP-negative 
patients in the HBV-HCC group, suggesting that regardless 
of the AFP level, the serum levels of ITGBL1 were signifi-
cantly downregulated in the HBV-HCC group (Figure 3).

Dynamic Changes of ITGBL1 Serum 
Levels in the Progression of Liver Disease
To further investigate the dynamic changes in ITGBL1 
serum levels in the progression of liver disease from 

Figure 1 Study design. Participants of the training stage were collected from Ruijin Hospital. Participants of the validation stage were collected from Yangpu Hospital and the 
Third People’s Hospital of Changzhou.
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HBV-LC to HBV-HCC, we analysed the serum ITGBL1 
levels of 41 patients who had progressed from HBV-LC to 
HBV-HCC during follow-up. Consistent with previous 
results, the serum ITGBL1 level in the HBV-HCC stage 
(41.49 [25.40–53.55] ng/mL) was significantly lower than 
that in the HBV-LC stage (74.87 [63.13–84.07] ng/mL, 
P<0.0001; Figure 4A). Among those patients, series fol-
low-up samples were obtained and tested from 19 patients 
before diagnosis: at 1 year, 3 years, 5 years and 10 years. 
The mean serum level of ITGBL1 in diagnosis time was 

27.10 (20.52–48.12) ng/mL at 0 years, and values 
increased before diagnosis (63.78 [31.64–78.97] ng/mL 
at 1 year, 83.69 [68.25–107.8. ng/mL at 3 years, 94.50 
[72.50–104.2] ng/mL at 5 years, and 83.83 [71.76–86.77] 
ng/mL at 10 years). The results confirmed that ITGBL1 
serum levels were downregulated once HBV-HCC devel-
oped from HBV-LC (Figure 4B and C). The level of 
downregulation of serum ITGBL1 was significantly chan-
ged, especially in patients with HBV-HCC within 1 year 
before diagnosis (Figure 4D).

Figure 2 The level of ITGBL1 in serum sample of the training and validation cohorts. The level of ITGBL1 in all-HCC training cohort and validation cohort (A and B). The 
level of ITGBL1 in early-stage HCC training cohort and validation cohort (C and D).
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Diagnostic Performance of the Serum 
Levels of ITGBL1
Diagnostic Performance for Serum ITGBL1 for 
Early-Stage HBV-HCC
In the training cohort, the optimal diagnostic cut-off value for 
ITGBL1 was 54.30 ng/mL, and the AUC value for ITGBL1 
was 0.773 (95% confidence interval [CI], 0.716–0.823), with 
a sensitivity and specificity of 66.98% and 71.62%, respec-
tively, in distinguishing the HBV-HCC group from the at-risk 
group (Figure S1A, Table S2). Furthermore, 51 (48.11%) of 
106 patients with HBV-HCC had an early-stage disease 
(BCLC stage 0+A) in the training cohort (Table 2). The 
diagnostic efficiency of ITGBL1 for distinguishing early- 
stage HBV-HCC from at-risk groups was evaluated and 
revealed an AUC of 0.787 (95% CI, 0.723–0.842) and high 
specificity (79.73%; Figure 5A, Table 3) based on 
a diagnostic cut-off value 47.93ng/mL. Similar results were 
observed in the validation cohort that 65 (48.87%) of 133 
patients with HBV-HCC had an early-stage disease (BCLC 
stage 0+A) (Table 2). In conclusion, the serum ITGBL1 level 
is an effective biomarker for the diagnosis of early-stage 
HBV-HCC from at-risk groups.

To compare the diagnostic accuracy of ITGBL1 with that 
of AFP, the most widely used HCC biomarker, we used 400 
ng/mL and 20 ng/mL (APF400 and APF20) as the recom-
mended clinical cut-off values for AFP. For distinguishing 
HBV-HCC patients from the at-risk group, the performance 
of ITGBL1 was significantly better than that of AFP400 
(P<0.0001). When differentiating the HBV-HCC group 
from the HBV-LC group, the ITGBL1 level had an AUC of 
0.721 (95% CI, 0.648–0.787) and high specificity (77.27%) 
in the training cohort (Figure S1C, Table S2). The perfor-
mance of ITGBL1 was significantly better than that of 
AFP400 (P<0.05), and AFP20 have similar diagnostic effi-
ciency (p=0.44). For distinguishing the early-stage HBV- 
HCC group from at-risk individuals, ITGBL1 (AUC, 
0.787) had a better performance than AFP400 (AUC, 
0.539; p<0.0001) and AFP20 (AUC, 0.638; p<0.05), while 
AFP400 and AFP20 identified early-stage HBV-HCC with 
higher specificity (97.97% and 82.43%, respectively) in the 
training cohort (Figure 5A, Table 3). When only HBV-LC 
patients were included, the AUC for ITGBL1 in early-stage 
HBV-HCC was 0.738 (95% CI, 0.648–0.815; sensitivity, 
62.75%; specificity, 77.27%), whereas those of AFP400 
and AFP20 were 0.549 and 0.612 (95% CI, 0.454–0.641; 
sensitivity, 9.8%; specificity, 100%; and 95% CI, 0.517– 
0.701; sensitivity, 45.1%; specificity, 77.27%), respectively Ta
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(Figure 5C, Table 3). The results in the validation cohort 
confirmed that ITGBL1 was better than AFP20 and AFP400 
in diagnosing early-stage HBV-HCC in HBV-LC patients 
(Figure 5D, Table 3). In a word, the serum ITGBL1 level is 
more effective biomarker than AFP20 and AFP400 for the 
diagnosis of early-stage HBV-HCC.

The ROC analysis indicated that measurement of 
ITGBL1 combined with AFP20 significantly increased 
the diagnostic accuracy for HBV-HCC compared to either 

marker alone. ITGBL1 combined with AFP20 had the 
highest AUC with significantly higher specificity (AUC 
0.840 [95% CI 0.789–0.883], sensitivity 70.75%, and spe-
cificity 82.43% in the training cohort; 0.868 [0.828– 
0.902], 69.92%, and 92.13% in the validation cohort) for 
distinguishing HBV-HCC patients from at-risk patients 
(Figure S1A-B, Table S2). When differentiating between 
HBV-HCC and HBV-LC patients, the performance of 
ITGBL1 combined with AFP20 had an AUC of 0.794 

Figure 3 Comparison of ITGBL1 levels in serum of At-risk and HBV-HCC patients in different subgroups. The level of ITGBL1 in serum of the At-risk and HBV-HCC 
patients with or without cirrhosis in training and validation cohort (A and B), with HBeAg+ or HBeAg- in training and validation cohort (C and D), with AFP<20ng/mL or 
AFP≥20ng/mL in training and validation cohort (E and F).
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(95% CI, 0.726–0.852; sensitivity, 78.3%; specificity, 
68.18%) in the training cohort and 0.847 (95% CI, 
0.794–0.891; sensitivity, 64.66%; specificity, 92.08%) in 
the validation cohort (Figure S1C-D, Table S2). For differ-
entiating patients with early-stage HCC from at-risk con-
trols, the combination of ITGBL1 and AFP20 showed 
notably better performance than either test alone (AUC, 
0.824 [95% CI, 0.764–0.875]; sensitivity, 82.35%; specifi-
city, 68.24%), and this was further confirmed in the vali-
dation group (AUC, 0.851 [95% CI, 0.804–0.891]; 
sensitivity, 83.08%; specificity, 71.30%) (Figure 5A and 
B, Table 3). When only HBV-LC controls were included, 
the AUC for ITGBL1 and AFP20 in the early-stage of 
HBV-HCC was 0.776 (95% CI, 0.690–0.848; sensitivity, 
76.47%; specificity, 68.18%) in the training cohort and 
0.829 (95% CI, 0.763–0.883; sensitivity, 83.08%; specifi-
city, 69.31%) in the validation cohort (Figure 5C and D, 
Table 3).

We further explored the diagnostic accuracy of 
ITGBL1 for patients with early-stage HBV-HCC defined 
by different staging systems. The combination of ITGBL1 
and AFP20 still improves the diagnostic accuracy of 
detecting early-stage HBV-HCC defined by different 

staging systems in the training and validation cohorts 
(Table S3).

Diagnostic Performance for Serum ITGBL1 for 
AFP-Negative HBV-HCC and Early-Stage HBV-HCC 
Patients
In addition, we investigated the diagnostic effectiveness of 
ITGBL1 in AFP<400 ng/mL and AFP-negative (AFP<20 
ng/mL) HCC patients. In the training and validation cohorts, 
HBV-HCC patients with AFP<400 ng/mL accounted for 
74.53% (79 of 106) and 69.92% (93 of 133) of the partici-
pants, respectively (Table 2). The AUC of serum ITGBL1 
was 0.772 (95% CI, 0.712–0.825; sensitivity, 70.89%; spe-
cificity, 69.66%) in the training cohort and 0.745 (95% CI, 
0.693–0.793; sensitivity, 65.59%; specificity, 74.07%) in the 
validation cohort for distinguishing AFP<400 ng/mL HBV- 
HCC patients from at-risk controls (Figure S2A-B, Table 
S4). When only HBV-LC controls were included, the AUC 
for ITGBL1 in the AFP<400 ng/mL group of HBV-HCC 
patients was 0.723 (95% CI, 0.642–0.794; sensitivity, 
59.49%; specificity, 77.27%) in the training cohort and 
0.730 (95% CI, 0.662–0.791; sensitivity, 65.59%; specifi-
city, 73.17%) in the validation cohort (Figure S2C-D, Table 

Figure 4 The dynamic change of ITGBL1 level in serum of different patients. Comparison of ITGBL1 levels in serum of 41 patients from the HBV-LC to HBV-HCC (A). 
Kinetics of ITGBL1 levels in serum in 19 HBV-HCC patients (B). The mean level of ITGBL1 in serum from diagnosis time (0 year) to before diagnosis (−1, −3, −5 and −10 
years) (C). The change of C in serum ITGBL1 (ΔITGBL1) levels during pre-diagnostic follow-up (D).
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S4). The AFP-negative (AFP<20 ng/mL) HBV-HCC 
patients accounted for 44 of 106 (41.51%) participants in 
the training cohort and 53 of 133 (39.85%) patients in the 
validation cohort (Table 2). When AFP-negative at-risk 
control individuals were included, ITGBL1 also showed 
a better performance in the AFP-negative HBV-HCC 
group (AUC 0.756 [95% CI 0.683–0.819], sensitivity 
68.18%, and specificity 68.85% in the training cohort; 
0.744 [0.686–0.796], 81.13%, and 55.88% in the validation 
cohort; Figure 6A and B, Table S4). For distinguishing 

AFP-negative HBV-HCC patients from HBV-LC controls, 
the AUC of serum ITGBL1 was 0.698 (95% CI, 0.595– 
0.788; sensitivity, 61.39%; specificity, 70.59%) in the train-
ing cohort and 0.737 (95% CI, 0.658–0.807; sensitivity, 
79.25%; specificity, 59.78%) in the validation cohort 
(Figure 6C and D, Table S4).

For patients with early-stage HBV-HCC from the at- 
risk group, 46 of 51 (90.20%) AFP<400 ng/mL patients 
in the training stage and 51 of 65 (78.46%) AFP<400 ng/ 
mL patients in the validation stage, the AUC of serum 

Figure 5 Diagnostic performance for serum ITGBL1 for early-stage HBV-HCC. ROC curve for ITGBL1, AFP, or both, for patients with early-stage HBV-HCC versus 
controls at risk of HBV-HCC in the training and validation cohort (A and B). ROC curve for ITGBL1, AFP, or both, for patients with the early-stage HBV-HCC versus 
controls at HBV-LC in the training and validation cohort (C and D).
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ITGBL1 was 0.788 (95% CI, 0.723–0.844; sensitivity, 
69.57%; specificity, 75.17%) in the training cohort and 
0.768 (95% CI, 0.712–0.817; sensitivity, 70.59%; speci-
ficity, 74.07%) in the validation cohort (Figure S2E-F, 
Table S4). When only HBV-LC controls were included, 
the AUC for ITGBL1 in early-stage HBV-HCC patients 
with AFP<400 ng/mL was 0.740 (95% CI, 0.649–0.819; 
sensitivity, 65.22%; specificity, 77.27%) in the training 
cohort and 0.752 (95% CI, 0.676–0.819; sensitivity, 
70.59%; specificity, 73.27%) in the validation cohort 
(Figure S2G-H, Table S4). Interestingly, ITGBL1 was 
also valuable to assess AFP-negative patients with early- 
stage HCC. In 28 of 51 (54.90%) patients in the training 
cohort and 33 of 65 (50.77%) patients in the validation 

cohort, serum ITGBL1 concentrations could distinguish 
patients with early-stage HCC from the at-risk group. 
The AUC of serum ITGBL1 for AFP-negative early- 
stage HBV-HCC patients from the at-risk group was 
0.786 (95% CI, 0.712–0.849; sensitivity, 75.0%; specifi-
city, 68.85%) in the training cohort and 0.767 (95% CI, 
0.708–0.819; sensitivity, 66.67%; specificity, 75.49%) in 
the validation cohort (Figure 6E and F, Table S4). When 
only HBV-LC controls were included, the AUC for 
ITGBL1 in early-stage AFP-negative HBV-HCC was 
0.733 (95% CI, 0.622–0.826; sensitivity, 67.86%; speci-
ficity, 70.59%) in the training cohort and 0.764 (95% CI, 
0.680–0.835; sensitivity, 87.88%; specificity, 55.43%) in 
the validation cohort (Figure 6G and H, Table S4).

Table 3 The Value of AFP and ITGBL1 Alone or in Combination in the Diagnosis of the Early-Stage HBV-Related HCC

AUC (95% CI) Sensitivity(%) Specificity(%) PPV(%) NPV(%) Positive LR Negative LR

Early-stage HCC vs At–risk

Training
ITGBL1 0.787 (0.723–0.842) 62.75 79.73 51.6 86.1 3.1 0.47
AFP20 0.638 (0.567–0.704) 45.10 82.43 46.9 81.3 2.57 0.67

AFP400 0.539 (0.467–0.610) 9.80 97.97 62.5 75.9 4.84 0.92
ITGBL1+AFP20 0.824 (0.764–0.875) 82.35 68.24 47.2 91.8 2.59 0.26

ITGBL1+AFP400 0.800 (0.737–0.853) 68.63 77.70 51.5 87.8 3.08 0.40

Validation
ITGBL1 0.764 (0.710–0.813) 67.69 74.07 44.0 88.4 2.61 0.44

AFP20 0.718 (0.662–0.770) 49.23 94.44 72.7 86.1 8.86 0.54
AFP400 0.608 (0.548–0.665) 21.54 100 100 80.9 0.78

ITGBL1+AFP20 0.851 (0.804–0.891) 83.08 71.30 46.6 93.3 2.89 0.24

ITGBL1+AFP400 0.818 (0.767–0.861) 76.92 74.07 47.2 91.4 2.97 0.31

Early-stage HCC vs LC

Training
ITGBL1 0.738 (0.648–0.815) 62.75 77.27 68.1 72.9 2.76 0.48

AFP20 0.612 (0.517–0.701) 45.10 77.27 60.5 64.6 1.98 0.71
AFP400 0.549 (0.454–0.641) 9.80 100 100 58.9 0.9

ITGBL1+AFP20 0.776 (0.690–0.848) 76.47 68.18 65.0 78.9 2.4 0.35

ITGBL1+AFP400 0.766 (0.679–0.839) 68.63 77.27 70.0 76.1 3.02 0.41

Validation
ITGBL1 0.749 (0.676–0.813) 67.69 73.27 62.0 77.9 2.53 0.44
AFP20 0.702 (0.626–0.770) 49.23 91.09 78.0 73.6 5.52 0.56

AFP400 0.608 (0.529–0.682) 21.54 100 100 66.4 0.78

ITGBL1+AFP20 0.829 (0.763–0.883) 83.08 69.31 63.5 86.4 2.71 0.24
ITGBL1+AFP400 0.806 (0.737–0.863) 76.92 73.27 64.9 83.1 2.88 0.31

Abbreviations: ITGBL1, integrin beta-like 1; AFP, α-fetoprotein; AUC, area under curve; 95% CI, 95% confidence interval; PPV, positive predictive value; NPV, negative 
predictive value; LR, likelihood ratio; HCC, hepatocellular carcinoma; LC, liver cirrhosis; at-risk controls, patients with chronic hepatitis B and HBV-related cirrhosis; AFP20, 
20 ng/mL of alpha fetoprotein as a cutoff value; AFP400, 400 ng/mL of alpha fetoprotein as a cutoff value; AUC, area under curve.
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Figure 6 Diagnostic performance for serum ITGBL1 for AFP-negative HBV-HCC and early-stage HBV-HCC patients. ROC curve for ITGBL1 distinguishing individuals with 
AFP-negative HBV-HCC from at-risk groups in the training and validation cohort (A and B), from HBV-LC patients in the training and validation cohort (C and D). ROC 
curve of ITGBL1 distinguishing individuals with AFP-negative early-stage HBV-HCC from at-risk groups the training and validation cohort (E and F). ROC curve of ITGBL1 
distinguishing individuals with AFP-negative HBV-HCC from HBV-HCC patients the training and validation cohort (G and H).
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Our results indicated that serum ITGBL1 was 
a valuable serum biomarker for diagnosing HBV-HCC in 
the early stage, and it is not correlated to the AFP status.

Discussion
In this study, we analysed serum ITGBL1 concentrations 
in training and validation cohorts of HBV-HCC patients 
and control subjects. Based on our results, the measure-
ment of serum ITGBL1 has a promising diagnostic value 
for HBV-HCC, especially in AFP-negative (AFP<20 ng/ 
mL) patients and patients with early-stage HBV-HCC from 
at-risk populations. Furthermore, the combination of 
ITGBL1 and AFP20 has a higher efficiency than the use 
of a single biomarker in the early diagnosis of liver cancer.

Various studies have implicated ITGBL1 in tumour 
progression. ITGBL1 promotes bone metastasis of breast 
cancer cells through the TGF–β signalling pathway.16 In 
ovarian cancer15 and gastrointestinal cancer,17–20 ITGBL1 
was significantly upregulated and identified as a key reg-
ulator of tumour cell metastasis and invasion. In non-small 
cell lung cancer, downregulated ITGBL1 was frequently 
observed to inhibit cancer cell migration and invasion 
through the Wingless–Type MMTV Integration Site 
Family (Wnt)/ Planar cell polarity(PCP) signalling 
pathway.30 Previous studies demonstrated that in CHB 
patients with liver fibrosis and HCC, ITGBL1 expression 
level in liver tissue is upregulated and plays an important 
role in the progression of liver disease.21–23

In the present study, one unexpected result was that the 
serum ITGBL1 level in the HBV-HCC group was signifi-
cantly lower than that among CHB and HBV-LC patients, 
which is contrary to previous results from tissue studies.23 

To confirm our results, besides the incorporation of more 
patients from the other two hospitals, we further tested 
series follow-up samples from patients who progressed 
from HBV-LC to HCC. As shown in Figure 4, the 
dynamic change in ITGBL1 serum level provided convin-
cing evidence that ITGBL1 serum levels decreased sig-
nificantly during progression to HCC in most follow-up 
patients. The reason for this discrepancy is currently 
unclear. One possible explanation is that ITGBL1 may be 
released by HCC tissues into the serum in a specific secre-
tory manner, such as via exosomes. One study demon-
strated that in a colorectal cancer model, high ITGBL1- 
rich extracellular vesicles could facilitate colorectal cancer 
metastatic growth in vivo.31 Another possible mechanism 
may correlated with protein-deficient secretion. These 
hypotheses need further exploration. Notably, in our 

previous study on ITGBL1 expression and liver fibrosis 
stage, ITGBL1 expression levels in liver tissues were 
upregulated in fibrosis patients compared to CHB patients, 
while no significant difference in serum levels was 
observed between the two groups (data not published), 
which is similar to our results in CHB and HBV-LC 
patients.22 Our findings also revealed that the low serum 
ITGBL1 levels in the HBV-HCC group remained “stable,” 
ie independent of cirrhosis and HBeAg status. These 
results imply that ITGBL1 might play a complex role in 
the three main stages of liver disease progression from 
CHB to HBV-HCC.

Another interesting result was that the serum level of 
ITGBL1 in healthy control (HC) is almost similar with 
that in HBV-HCC, which meant it is difficult to directly 
distinguish HCC from HC just based on the ITGBL1 level. 
However, firstly, in HBV infected (HBsAg positive) popu-
lation, as shown above, ITGBL1 levels showed a dynamic 
change from CHB and HBV-LC to HBV-HCC, and were 
significant different between non-HCC (CHB and HBV- 
LC) and HBV-HCC including early stage of HBV-HCC. 
Secondly, as shown in Figure 3 and Figure S3–5, the 
ITGBL1 levels were independent of HBeAg, HBV DNA, 
ALT, AFP levels and antiviral therapy or not. Given HBV 
infection remained a major contributor to HCC especially 
in medium and high endemic-area, monitoring of serum 
ITGBL1 level or its dynamic change could play a valuable 
role in differentiating the HBV-HCC from HBsAg positive 
patients.

AFP is still the most widely accepted serum biomarker 
used in HCC diagnosis, but its performance is suboptimal 
because 30–40% of HCC patients are AFP-negative, 
according to some reports.32 Indeed, in our study, AFP- 
negative HCC patients comprised 41.51% and 39.85% of 
the training and validation cohorts, respectively; notably, 
AFP-negative early-stage HCC patients were 54.90% of 
the patients in the training cohort and 50.77% in the 
validation cohort (Table 2). Some potential biomarkers, 
such as AFP complementary methods, have been devel-
oped in the last two decades to increase the diagnostic 
accuracy of AFP-negative or early-stage HCC. In our 
study, we also observed no significant difference in 
ITGBL1 levels between AFP-positive and AFP-negative 
patients in the HBV-HCC group. The ROC analysis con-
firmed that ITGBL1 was still superior to AFP<400 ng/mL 
and AFP<20 ng/mL in the diagnosis of HBV-HCC, espe-
cially for early HBV-HCC in AFP-negative patients 
(Figure 6).
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Based on univariate and multivariate analyses in the 
present study, the serum ITGBL1 level was a significant 
independent predictor of HBV-HCC in these at-risk 
patients, and the dynamic changes in ITGBL1 serum 
levels in the progression of liver disease from HBV-LC 
to HBV-HCC suggested the feasibility of serum ITGBL1 
in diagnosing HBV-HCC before clinical diagnosis. For all 
HBV-HCC patients, the serum ITGBL1 had a better AUC 
value of 0.773 and sensitivity of 66.98% compared to 
AFP400 and AFP20 in detecting liver cancer in patients 
with CHB and HBV-LC. When combined with AFP20, the 
AUC was largest at 0.840, with 70.75% sensitivity and 
82.43% sensitivity (Figure S1, Table S2). The detection 
and screening of early-stage HBV-HCC are associated 
with improved outcomes in patients.5 In this study, 
ITGBL1 also showed better diagnostic performance 
(AUC, 0.787; sensitivity, 62.75%) than AFP400 and 
AFP20 in at-risk populations. Furthermore, we evaluated 
the diagnostic accuracy of ITGBL1 for patients with early- 
stage HBV-HCC according to different definitions of early 
tumour occurrence. The combination of ITGBL1 and 
AFP20 still improves the diagnostic accuracy of detecting 
early-stage HBV-HCC defined by different staging sys-
tems in the training and validation cohorts (Figure 5, 
Table 3).

The incidence of HCC in patients with HBV-related 
liver cirrhosis is 3–8% per year, and these patients are 
considered an “extremely high-risk group” by the Japan 
Society of Hepatology guidelines.33 Because of the 
increased liver nodularity and parenchymal heterogeneity 
of liver cirrhosis, the sensitivity of ultrasound examination 
is limited, and AFP is usually used as a supplemental test. 
As shown in Table 3, the diagnostic performance (AUC) 
of ITGBL1 for distinguishing HBV-HCC from HBV-LC 
was comparable to that of AFP20, as for distinguishing 
early-stage HCC from HBV-LC, the AUC of ITGBL1 was 
greater than that of AFP20. Both diagnostic accuracies 
reached the highest value when combining ITGBL1 and 
AFP20. Of note, as shown in Figure 4C and D, serum 
ITGBL1 levels were significantly downregulated at 3 
years before HCC diagnosis, which might be an early 
molecular event of liver cirrhosis progressing to HCC. 
However, this conclusion needs to be confirmed by further 
experiments.

We acknowledge that there are a few limitations to this 
study. First, HCC is a heterogeneous disease with multiple 
underlying aetiologies, but this study population was 
focused on HCC patients mostly with CHB/LC 

background in China. Therefore, the results should be 
interpreted carefully for patient populations with different 
aetiological backgrounds, and further studies are needed to 
evaluate the performance of the ITGBL1 in diagnosing 
HCC patients with a variety of liver diseases originating 
from different geographical regions. Second, although 
major clinical variables were controlled in our analyses, 
selection bias was unavoidable in the cross-sectional and 
retrospective study. Large-scale prospective studies are 
needed to further confirm and establish the ultimate clin-
ical utility of this approach for HCC. Third, our study only 
showed that serum levels of ITGBL1 declined signifi-
cantly in patients with early-stage HBV-HCC compared 
to CHB and HBV-LC controls. We did not explain the 
inconsistency between ITGBL1 levels in serum and tissue, 
and the molecular mechanism and clinical value of this 
difference also need to be further explored. Considering 
that little is known about ITGBL1 and its role in the 
pathogenesis of HBV-HCC, this area warrants further 
research. Therefore, we consider further functional studies 
that will provide insights into the potential mechanisms of 
ITGBL1 detected in HBV-HCC.

In summary, our results provide strong evidence that 
serum ITGBL1 could serve as a non-invasive and effective 
diagnostic biomarker for the early diagnosis of HBV-HCC 
in at-risk patients. The combination of ITGBL1 and 
AFP20 could notably increase the diagnostic performance 
and might provide a new strategy for the diagnosis of 
early-stage HCC in these patients. Moreover, the measure-
ment of ITGBL1 in serum could complement AFP in the 
diagnosis of HBV-HCC and resolve the deficiencies of 
AFP in the testing of AFP-negative patients to distinguish 
HBV-HCC from non-malignant chronic liver diseases.

Conclusion
The serum level of ITGBL1 improved identification of 
AFP-negative HBV-HCC patients, and increased diagnos-
tic accuracy with AFP20 together in the early detection of 
HBV-HCC.
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