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Objective

To evaluate the reliability of serum human phosphorylated exospindle polar-like proteinase 1 (ESPL1) as a serum biomarker for early diagnosis of hepatitis B virus (HBV)-related hepatocellular carcinoma (HBV-HCC).





Methods

This retrospective study was conducted on 266 patients with chronic hepatitis B (CHB), liver cirrhosis (LC), and HBV-related HCC. Data on demographics and clinical information were collected, and ESPL1 levels were measured using enzyme linked immunosorbent assay. Levels of ESPL1, alpha-fetoprotein (AFP), and protein induced by vitamin K absence -II (PIVKA-II) were compared at different disease stages, and spearman correlation analysis was used to assess their relationship with clinical markers. The diagnostic accuracy of ESPL1, AFP, and PIVKA-II for early HBV- HCC was assessed using ROC curve analysis.





Results

The study comprised 121 patients diagnosed with CHB, 98 patients with LC, and 47 patients with HBV-HCC. Serum ESPL1 levels show an increasing trend across groups with chronic HBV infection, CHB, LC, and HBV-HCC, with levels at 224.6 ng/L, 285.8 ng/L, and 440.4 ng/L (in pairwise comparison, P<0.05). Serum AFP and PIVKA-II levels displayed no significant statistical differences between the CHB and LC groups. Spearman correlation analysis revealed that levels of ESPL1, PIVKA-II, and AFP are not influenced by clinical characteristics and show no correlation with each other. ROC curve analysis indicated that the optimal diagnostic threshold for ESPL1 in HBV-HCC is 345.7 ng/L, with AUC values for ESPL1, PIVKA-II, and AFP being 0.797 (95% CI: [0.708-0.886]), 0.788 (95% CI: [0.718-0.858]), and 0.572 (95% CI: [0.523-0.624]). In AFP and PIVKA-II negative patients, the AUC values for ESPL1 diagnosis of HBV-HCC were 0.79 and 0.83.





Conclusion

ESPL1 is a potential biomarker for tracking chronic HBV infection and predicting the development of HBV-HCC. Monitoring ESPL1 levels in serum could help with early detection and personalized screening HBV-HCC for individuals with chronic HBV infection.
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Introduction

According to the World Health Organization, over 200 million people worldwide suffer from chronic HBV infection and approximately 15-25% will develop liver cirrhosis or HBV-related hepatocellular carcinoma (HBV-HCC) during their lifetime. The morbidity and mortality rates of HBV-HCC are expected to rise annually over the next 20 years (1). For patients with HCC who are eligible for surgery, surgical resection offers the best chance for a cure. However, only 10%-30% of HBV-HCC cases undergo curative surgical resection, and the high rate of postoperative recurrence remains a significant threat to patient survival (2). Constrained by the challenge of early diagnosis, numerous patients are compelled to pursue alternative treatments, such as hepatic artery embolization (3). Notably, advancements in molecular targeted drugs and immunotherapy, such as tyrosine kinase inhibitors and immune checkpoint inhibitors, have significantly enhanced patient prognosis (4). Nevertheless, the range of available treatment modalities remains limited. It is imperative to continue investigating novel biomarkers for the early detection of HBV-related hepatocellular carcinoma (5).

In recent years, increasing research has focused on the development of serological markers for the early diagnosis and detection of HBV-HCC, yet effective serum biomarkers for monitoring and early diagnosis remain elusive. AFP is currently the most used serum biomarker for monitoring HBV-HCC. However, the sensitivity of AFP for diagnosing HBV-HCC is only between 25% and 65% and approximately 30%-40% of HBV-HCC patients consistently test negative for serum AFP (6). The heterogenous isoform of AFP (AFP-L3) is considered to have higher specificity in diagnosing HBV-HCC. However, the proportion of serum AFP-L3 is heavily influenced by the levels of AFP (7). Protein induced by PIVKA-II is an abnormal prothrombin produced specifically in association with HBV-HCC, independent of AFP secretion. However, the accuracy of PIVKA-II as a screening tool for HBV-HCC is disputed, primarily due to variations in its expression across different ethnicities and deficiencies in testing technology (7, 8). Notably, recent advancements in the detection of circulating nucleic acid biomarkers, including cell-free DNA (e.g., circulating tumor DNA, whole genome sequencing of cfDNA, methylation/hydroxymethylation of cfDNA, cfDNA gene mutations, and cell-free viral DNA), exosomes, and microRNA, are considered the next generation of biomarkers for the early diagnosis and screening of HBV-HCC. However, due to a lack of clinical validation and high testing costs, their clinical acceptance remains limited. To date, there is no international consensus on an ideal serum biomarker for early diagnosis and screening of HBV-HCC (9). The exploration and development of new biomarkers that accurately reflect the natural history or progression stages of chronic HBV infection, closely monitor disease progression, and enable early detection of HBV-HCC continue to be significant clinical challenges (10).

Previous research conducted by our team has revealed a notable prevalence of the ESPL1 fusion gene, resulting from the integration of the HBV S gene, in individuals diagnosed with HBV-HCC. Our findings indicate that serum levels of ESPL1 may serve as a valuable indicator of the severity of HBV-HCC, facilitating the distinction between small liver cancers and cirrhotic nodules (11–18). Building upon this foundation, the current study aims to investigate the clinical efficacy of serum ESPL1 in comparison to AFP and PIVKA-II for the early detection of HBV-HCC, and determine whether serum ESPL1 levels can be utilized as a novel and specific biomarker for the prompt diagnosis and screening of HBV-HCC.





Patients and methods




Patients

From a follow-up cohort of patients infected with HBV who visited the First Affiliated Hospital of Guangxi Medical University between January 2002 and November 2023, a total of 266 individuals with adequate serum samples were selected for the evaluation of serum ESPL1 levels. This study consisted of 121 patients with chronic hepatitis B (CHB), 98 with liver cirrhosis (LC), and 47 with HBV-HCC. Detailed clinical characteristics pertaining to chronic HBV infection, such as age, gender, antiviral treatment regimen, ALT levels, HBeAg status, HBV DNA levels, AFP levels, and PIVKA-II levels, were collected for all participants.





Inclusion and exclusion criteria

Inclusion Criteria: 1. Study subjects must be chronic HBV infection patients, including those with CHB and HBV-induced cirrhosis. 2. HBV-HCC patients must have tumor diameters less than 3 cm, with a diagnosis conforming to small hepatocellular carcinoma. All participants in this study were categorized as stage 0 or stage A in accordance with the Barcelona Clinic Liver Cancer staging criteria.

Exclusion Criteria: 1. Patients with HBV infection co-infected with Hepatitis D, E, Hepatitis C, HIV, or other infectious diseases. 2. Patients with concurrent non-HCC malignancies. 3. Patients with liver diseases caused by other factors, such as liver fluke infection, alcoholic liver disease, fatty liver disease, or autoimmune liver diseases.





Serum sample collection and storage

Peripheral venous blood samples (5 ml) were collected from patients in the CHB and LC groups during outpatient visits and from the HBV-HCC group before surgical resection. Samples were centrifuged at 4000 rpm for 5 minutes, and the serum supernatant was stored at -40°C for subsequent analysis.





Serum ESPL1 levels detection

Serum ESPL1 levels were measured using an Enzyme-Linked Immunosorbent Assay (ELISA) kit (Nova Lifetech Inc., Catalog No.: ELI-48263h) according to the manufacturer’s instructions. The procedure included standard and sample preparation, incubation, washing, addition of reagents, and optical density measurement. The absorbance (OD value) of each sample was quantified using a microplate reader (BioRad, Co., Ltd., USA) at a wavelength of 450 nm. Three replicate wells were utilized for each sample, and the mean value was determined. The concentration of serum ESPL1 in the unknown samples was calculated based on the standard curve (14).





Statistical analysis

Data from the study was analyzed and visualized using SPSS version 26.0 (IBM Corp, Armonk, NY, USA) and R software version 3.6.2. Categorical variables were presented as counts (percentages), while continuous variables were described using median values with interquartile ranges. Spearman correlation tests were used to assess relationships between variables and to construct correlation heat maps. Categorical variables, such as sex and antiviral therapy, were converted into ordinal data before performing the analysis, in accordance with the requirements for Spearman’s rank correlation. Differences between groups for categorical variables were evaluated using the Chi-square test, whereas differences for continuous variables were assessed using the Kruskal-Wallis non-parametric test. Receiver Operating Characteristic (ROC) curves were plotted to evaluate the diagnostic capabilities of ESPL1, AFP, and PIVKA-II for HBV-HCC, and the areas under the curve (AUC) for these markers were compared. ROC analysis was used to determine the optimal cut-off threshold of ESPL1 for diagnosing HBV-HCC (19). A p-value of less than 0.05 was considered statistically significant.






Results




Patient characteristics

This study included a total of 266 patients, with clinical characteristics as shown in Table 1. The cohort comprised 121 patients with CHB, 98 with LC, and 47 with HBV-HCC, all of whom had HCC lesions smaller than 3 cm in diameter. The median age of patients in the CHB group, LC group, and HBV-HCC group showed an increasing trend, and there was a statistical difference in pairwise comparisons. The study enrolled 204 males (76.7%) and 62 females (23.3%), with the highest proportion of males in the HBV-HCC group (41 [87.2%]), although no significant differences were found between groups in pairwise comparisons. The proportion of HBV DNA positive patients was significantly higher in the CHB and HBV-HCC groups compared to the LC group, with no significant difference between CHB and HBV-HCC (CHB vs. LC, P=0.026; CHB vs. HBV-HCC, P=0.241; LC vs. HBV-HCC, P=0.002). No significant differences were observed in the proportion of HBeAg positive patients across the three groups. Serum ALT levels were significantly higher in the HBV-HCC group compared to the LC and CHB groups (P<0.05), but there was no significant difference between the LC and CHB groups (CHB vs. LC, P=0.057; CHB vs. HBV-HCC, P<0.001; LC vs. HBV-HCC, P=0.034). Regarding antiviral treatment, the highest proportion of patients on non-first-line nucleotide analogs (NAs) or combination therapy was observed in the HBV-HCC group, showing statistically significant differences, whereas no significant differences were noted between the LC and CHB groups (CHB vs. LC, P=0.202; CHB vs. HBV-HCC, P<0.001; LC vs. HBV-HCC, P<0.001).


Table 1 | Clinical characteristics of the 266 patients included in the study.







Trends in serum ESPL1, PIVKA-II, and AFP levels across different disease states

Serum ESPL1 levels showed an increasing trend across the CHB, LC, and HBV-HCC groups, with levels at 224.6 ng/L, 285.8 ng/L, and 440.4 ng/L respectively. Specifically, the ESPL1 levels in the LC group were significantly higher than those in the CHB group (P < 0.05), and the ESPL1 levels in the HBV-HCC group were significantly higher than those in the CHB and LC group (P < 0.05), as illustrated in Figure 1.




Figure 1 | Log-transformed serum ESPL1, PIVKA-II, and AFP levels in different disease states. The box plots show the log-transformed values of serum ESPL1, PIVKA-II, and AFP levels in the CHB, LC, and HBV-HCC groups. The actual median serum levels for each group are provided in parentheses. (A) Serum ESPL1 levels showed an increasing trend from CHB to LC and HBV-HCC (median log-values: 5.42, 5.66, and 6.09), with actual median concentrations of 224.6 ng/L, 285.8 ng/L, and 440.4 ng/L, respectively. ESPL1 levels were significantly higher in the LC group than in the CHB group (P < 0.001), and significantly elevated in the HBV-HCC group compared to both CHB and LC groups (P < 0.001). (B) Serum PIVKA-II levels remained relatively stable between the CHB and LC groups (median log-values: 3.30 vs. 3.41; actual medians: 26.2 vs. 29.4 mAu/ml, P = 0.24) but showed a marked increase in the HBV-HCC group (median log-value: 4.15; actual median: 62.7 mAu/ml, P < 0.001). (C) Serum AFP levels demonstrated a progressive increase across the CHB, LC, and HBV-HCC groups (median log-values: 1.35, 1.52, and 1.97), with actual median concentrations of 2.5 ng/ml, 2.7 ng/ml, and 6.2 ng/ml, respectively. AFP levels were significantly higher in the HBV-HCC group compared to the CHB and LC groups (P < 0.001), with a significant difference also observed between the CHB and LC groups (P = 0.049). Statistical comparisons between the groups were performed using the Kruskal-Wallis’s test, with p-values indicated above the plots.



Serum PIVKA-II levels among CHB, LC, and HBV-HCC groups were 26.2 mAu/ml, 29.4 mAu/ml, and 62.7 mAu/ml, respectively. Levels in the HBV-HCC group were significantly higher than those in the CHB and LC groups, with a statistically significant difference (P<0.05). There was no significant difference in serum PIVKA-II levels between the CHB and LC groups (P>0.05), as shown in Figure 1.

Serum AFP levels among patients in the CHB, LC, and HBV-HCC groups were 2.5 ng/ml, 2.7 ng/ml, and 6.2 ng/ml, respectively. Levels in the HBV-HCC group were significantly higher compared to those in the CHB and LC groups, with a statistically significant difference (P<0.05). There was significant difference in serum AFP levels between the CHB and LC groups, as illustrated in Figure 1.





Relationship between ESPL1, PIVKA-II, AFP levels and clinical characteristics

As shown in Figure 2, serum levels of ESPL1, PIVKA-II, and AFP are not significantly affected by the patients’ clinical characteristics, and no strong correlations were observed between these markers. Specifically, serum ESPL1 levels were weakly positively correlated with HBV DNA status (P<0.05, r=0.13), but did not correlate with patient age, HBeAg status, antiviral medication, ALT levels, or gender (P>0.05). Serum AFP levels showed a weak positive correlation with antiviral medication use (P<0.05, r=0.18), but no significant correlation with HBV DNA status, HBeAg status, age, ALT levels, or gender (P>0.05). Serum PIVKA-II levels were weakly positively correlated with gender, HBV DNA status, and antiviral medication use (P<0.05, r values of 0.15, 0.19, and 0.25, respectively), but showed no significant correlation with patient age, HBeAg status, or ALT levels (P>0.05).




Figure 2 | Correlation heatmap of clinical characteristics and biomarkers. The heatmap shows the Spearman correlation coefficients between various clinical variables and biomarkers. Positive correlations are shown in blue, and negative correlations are shown in red. The size of the circles represents the strength of the correlation, with larger circles indicating stronger correlations. Statistical significance is indicated by an asterisk (*), with p-values less than 0.05, while a “×” indicates the absence of a statistically significant difference.







The early diagnostic value of ESPL1, PIVKA-II and AFP for HBV- HCC

According to the diagnostic standard values for AFP and PIVKA-II (AFP >400 ng/ml, PIVKA-II >40 mAu/ml), they are categorized as positive or negative. The ROC curve analysis results for serum levels of ESPL1, PIVKA-II, and AFP in diagnosing HBV-HCC are shown in Figure 3. The ROC curve identifies the optimal diagnostic cutoff for ESPL1 as 345.7 ng/L. The AUC from highest to lowest are ESPL1: 0.797 (95% CI: [0.708-0.886]), PIVKA-II: 0.788 (95% CI: [0.718-0.858]), and AFP: 0.572 (95% CI: [0.523-0.624]), with no significant differences between each pair (P>0.05). According to the ROC analysis, the specificity of all three markers for diagnosing HBV-HCC is similar, PIVKA-II has the lowest sensitivity, and ESPL1 has the highest Youden index. The predictive value of ESPL1, PIVKA-II, and AFP in the early diagnosis of HBV-HCC is detailed in Table 2.




Figure 3 | ROC curve comparison of diagnostic biomarkers for HBV-HCC. The ROC curves for ESPL1 (blue), PIVKA-II (green), and AFP (red) are shown to assess their diagnostic performance for HBV-HCC. Although the AUC values for ESPL1 and PIVKA-II are higher than those for AFP, the comparison between the three biomarkers did not show statistically significant differences.




Table 2 | Application of serum ESPL1, PIVKA-II, and AFP in the diagnosis of HBV-HCC.



In patients with hepatitis and cirrhosis who were positive for AFP, no ESPL1 positivity was detected. Conversely, among patients with hepatitis and cirrhosis who were positive for PIVKA-II, 2 out of 23 (8.7%) exhibited ESPL1 positivity. Additionally, four HBV-HCC patients tested negative for ESPL1, PIVKA-II, and AFP, whereas two patients were positive for all three biomarkers. As illustrated in Figure 4, among the 47 confirmed HBV-HCC patients, the positive rate of ESPL1 (74.5%) was higher than that of PIVKA-II (68.1%) and AFP (6.9%). Furthermore, in HBV-HCC patients, irrespective of AFP status (Figures 4), the positive rate of ESPL1 surpassed that of PIVKA-II. Similarly, in HBV-HCC patients, irrespective of PIVKA-II status (Figures 4), the positive rate of ESPL1 exceeded that of AFP.




Figure 4 | The Venn diagrams depict the distribution of ESPL1, PIVKA-II, and AFP positivity in HBV-HCC patients, emphasizing the superior positivity rate of ESPL1 in different subgroups. (A) Among AFP-positive HBV-HCC patients, ESPL1 demonstrated a higher detection rate than PIVKA-II. Notably, no patients were exclusively AFP-positive, while ESPL1 alone identified a significant proportion of cases, reinforcing its diagnostic value beyond AFP. (B) In AFP-negative HBV-HCC patients, ESPL1 exhibited the highest positivity rate, surpassing PIVKA-II. This suggests that ESPL1 may serve as a more effective diagnostic biomarker in AFP-negative cases, where conventional markers often fail. (C) Among PIVKA-II-negative HBV-HCC patients, ESPL1 positivity remained markedly higher than AFP, further confirming its diagnostic potential even in cases where PIVKA-II is absent. Together, these findings highlight that ESPL1 outperforms AFP and PIVKA-II in HBV-HCC detection, reinforcing its potential role as a more reliable biomarker, particularly in PIVKA-II and AFP-negative cases.



Regardless of AFP and PIVKA-II statuses, the AUC for ESPL1 in diagnosing HBV-HCC remains consistent. For patients negative for both AFP and PIVKA-II, the AUC values for ESPL1 in diagnosing HBV-HCC are 0.79 and 0.83, respectively. The ROC curves demonstrating these findings are shown in Figures 5A–D.




Figure 5 | Receiver Operating Characteristic (ROC) Curves for ESPL1 in Diagnosing HBV-HCC Stratified by AFP and PIVKA-II Statuses. The ROC curves illustrate the diagnostic performance of ESPL1 for HBV-HCC across different biomarker subgroups. (A) In patients negative for PIVKA-II, ESPL1 achieves an AUC of 0.83 (95% CI: 0.68–0.97), demonstrating strong discriminatory ability. (B) Among PIVKA-II positive individuals, ESPL1 maintains a comparable AUC of 0.79 (95% CI: 0.67–0.92). (C) Similarly, in AFP-negative patients, ESPL1 exhibits an AUC of 0.79 (95% CI: 0.70–0.89). (D) The highest AUC of 0.86 is observed in AFP-positive patients, reinforcing its diagnostic potential. These findings suggest that ESPL1 remains a robust biomarker for HBV-HCC diagnosis regardless of AFP and PIVKA-II statuses.








Discussion

Our research demonstrates that serum ESPL1 testing offers superior early diagnostic value for HBV-HCC compared to AFP and PIVKA-II, especially in patients who are negative for both AFP and PIVKA-II. Most patients (over 70%) with small HBV-HCC who are negative for both AFP and PIVKA-II show positive ESPL1 levels. In patients with CHB and LC who are positive for AFP, no ESPL1 positivity was observed, while in those positive for PIVKA-II, ESPL1 positivity was found in 2 (8.7%) cases. The AUC for ESPL1 in diagnosing HBV-HCC remains consistent regardless of the status of AFP and PIVKA-II. Therefore, testing for ESPL1 in chronic HBV-infected patients with liver nodules can aid in the differential diagnosis of HBV-HCC.

Contemporary medicine has made significant advances in diagnosing and treating HBV-HCC, yet finding an efficient, sensitive, convenient, cost-effective, and timely method for early HBV-HCC screening and diagnosis remains a challenge for clinicians (20). Currently, the diagnosis of HBV-HCC heavily relies on imaging or histopathology, such as ultrasound, contrast-enhanced ultrasound, CT scans, liver MRI, or liver biopsy. However, the accuracy of imaging depends largely on the quality of the equipment and the experience of the examiner. Techniques like ultrasound, CT, and MRI have limitations in distinguishing the malignancy of small nodules, and their high costs restrict their widespread clinical screening application, thus limiting their value for early diagnosis of HBV-HCC. While imaging-based diagnostics are recommended by guidelines, histopathology remains the gold standard for HBV-HCC diagnosis. Nevertheless, biopsy carries risks such as tumor cell spread along the needle track, potentially leading to extensive liver metastasis, and the technical demands of biopsy make it less suitable for screening purposes. Compared to these methods, serum tumor marker testing is easier to perform, cost-effective, repeatable, and sufficiently accurate, making it more favorable for disease screening and early diagnostic alerts. The search for new biomarkers that accurately reflect the natural history or progression stages of chronic HBV infection, closely monitoring disease progression, and early detection of HBV-HCC continues to pose a significant clinical challenge (10).

To explore the value of serum ESPL1 levels in early warning and diagnosis of HBV-HCC, we included patients with pathologically confirmed small HBV-HCC. Our findings indicate that the areas under the ROC curves for ESPL1, AFP, and PIVKA-II in diagnosing HBV-HCC are similar, with no statistically significant differences; the optimal diagnostic threshold for ESPL1 was identified as 345.7 ng/L. Unlike AFP and PIVKA-II, ESPL1 levels progressively increased across the CHB, LC, and HBV-HCC groups with substantial changes, specifically from 224.6 ng/L to 285.8 ng/L to 440.4 ng/L. In contrast, AFP and PIVKA-II levels showed no statistical differences between the CHB and LC groups, and AFP levels were not notably high across the groups, with a median of only 10.5 ng/ml in the HBV-HCC group, much lower than the guideline-recommended 400 ng/ml (10). In addition, although PIVKA-II levels reached the guideline-recommended positive threshold in the HCC group, they did not show a significant increase with the progression from CHB to LC. This suggests that PIVKA-II levels do not provide a useful early warning before disease progression to HCC in CHB patients. Our earlier research also confirmed that in HBV-HCC patients, serum AFP and PIVKA-II levels increase with tumor diameter but are not associated with histological grading. Serum ESPL1 levels are significantly higher in HBV-HCC patients compared to those with non-HBV-HCC and correlate positively with histological grade; tumor size does not strictly correlate with malignancy, indicating that serum ESPL1 levels can reflect the malignancy of HBV-HCC and aid in the differential diagnosis of liver nodules in HBV-infected individuals (12). Song et al. have also detected high expression of the ESPL1 gene in liver cancer tissues (21). Therefore, the determination of serum ESPL1 levels is not only helpful for the diagnosis of HBV-HCC but may also offer early warning information for the development of HBV-HCC. In our study, a small subset of patients with ESPL1 levels exceeding 345.7 ng/L in the CHB or LC groups eventually developed liver nodules. This suggests that elevated ESPL1 levels could serve as an early indicator for the potential development of HBV-HCC. Continual monitoring of patients with ESPL1 levels above this threshold, particularly if levels show a gradual increase, could provide valuable early warning, enabling earlier intervention and more effective management of at-risk individuals.

Moreover, our research revealed a lack of statistically significant association between ESPL1 levels and variables such as antiviral medication usage, tumor size, HBV DNA and HBeAg status, age, gender, or ALT levels. These findings indicate that serum ESPL1 levels may offer consistent and dependable diagnostic outcomes across diverse clinical scenarios, enhancing the overall diagnostic capacity for HBV-HCC. Therefore, while elevated serum AFP and PIVKA-II levels often indicate existing HCC, dynamic monitoring of ESPL1 levels, particularly in patients with values exceeding 345.7 ng/L, may provide an effective early warning for the onset of HBV-HCC. This could offer a clinical basis for personalized screening strategies, especially for high-risk populations such as those with CHB or LC, enabling timely intervention and more effective management.

More importantly, an ideal serum marker for early warning and diagnosis of HBV-HCC should exhibit high sensitivity and specificity. Biomarkers with a specificity exceeding 80% are considered to have significant diagnostic value (22). Currently, AFP and PIVKA-II are widely accepted as effective diagnostic markers for HBV-HCC. Our research indicates that ESPL1 demonstrates a diagnostic specificity of 89%, comparable to AFP and PIVKA-II, with a significantly higher sensitivity. Therefore, it is reasonable to suggest that ESPL1 may be more suitable than AFP and PIVKA-II for early warning and diagnosis of HBV-HCC. We also found that a significant proportion of patients with small HBV-HCC who tested negative for both AFP and PIVKA-II exhibited elevated levels of ESPL1. This suggests that ESPL1 may enhance the diagnostic capabilities of AFP and PIVKA-II in the early detection of HBV-HCC, thereby improving the overall rate of early detection. Furthermore, the ROC curve analysis demonstrated that serum ESPL1 levels maintained consistent diagnostic efficacy in patients with either negative or positive AFP and PIVKA-II results. These findings underscore the clinical significance of serum ESPL1 protein levels in HBV-HCC diagnosis, particularly in individuals with negative AFP and PIVKA-II results.

Our study also has certain limitations. Firstly, it is a single-center study, lacking the broader validation that multi-center, large-sample studies could provide to further confirm the value of ESPL1 in the early warning and diagnosis of HBV-HCC. Secondly, our study is retrospective, which could introduce selection bias. However, by comparing the levels of ESPL1, AFP, and PIVKA-II in peripheral blood at the same time point for the same patients, we have added credibility to our results. Moving forward, we plan to conduct longitudinal studies to compare changes in these serum markers before and after the onset of HBV-HCC in the same patients, further substantiating the role of ESPL1 in the early warning and diagnosis of HBV-HCC.





Conclusion

ESPL1 holds promise as a novel biomarker for chronic HBV infection, reflecting its natural history and stages of disease progression. Monitoring changes in serum ESPL1 levels could serve as an effective early warning for the development of HBV- HCC. This approach supports the creation of personalized screening strategies for the treatment of individuals with chronic HBV, providing a clinical basis for targeted interventions.
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P-values for pairwise comparisons:
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