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Background: Despite advancements made in oncology over recent decades, HCC still is one of the major causes of mortality from 

neoplastic diseases. Heterogeneity exists among clinicopathological characteristics and responses to therapy. 

Objective: To evaluate clinicopathological characteristics and treatment patterns in HCC cases as well as the potential predictors of 

tumor burden, severity of hepatic dysfunction, and survival in the patients. 

Methods: A retrospective analysis was performed involving 226 adult patients with HCC diagnosed using institutional databases; 

individuals without sufficient data on their clinicopathological characteristics and therapy were excluded from this investigation. A 

detailed chart review was used to extract relevant information on the patients' demographic data, etiology of cirrhosis, liver function, 

tumor burden, biomarkers (AFP, PIVKA-II), and therapy applied. The outcome measures involved the tumor size, biomarker 

concentrations, therapy modality, and survival. Analyses were performed using the SPSS software version 27.0, including descriptive 

statistics, comparative analysis, correlations, and regression modeling. Ethical approval was obtained at an institutional level in 

keeping with the guidelines provided by the Declaration of Helsinki. 

Results: The analyzed cohort consisted mainly of males (75.7%) aged 60.7 ± 11.9 years. Patients in our series were more frequently 

diagnosed with HCV-related disease (46.5%). In addition, most patients suffered from advanced BCLC stage C (53.8%) and retained 

normal liver functions (Child-Pugh A, 62.8%). Tumor size, advanced Child-Pugh classification, and AFP concentration >400 ng/mL 

were independently associated with lower survival (p < 0.05). At the same time, there were no differences between groups with regard 

to tumor characteristics and biomarker concentrations depending on etiology. 

Conclusion: Our findings demonstrated that clinicopathological characteristics and patterns of treatment of HCC patients were 

homogenous regarding etiology, but the tumor size, degree of liver injury, and AFP levels can be considered key prognostic factors. 
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INTRODUCTION: 

Hepatocellular carcinoma (HCC) is among the most prevalent 

causes of death resulting from cancer worldwide, with increased 

frequency attributable to changing causes of morbidity including 

viral hepatitis, NAFLD, and alcohol-induced liver disease. 
1,2Despite the advances in diagnosis and management of the 

condition, it is associated with high mortality rates mainly due 

to late detection and the associated functional impairment of the 

liver. 3 The heterogeneity of characteristics among patients  

 

suffering from HCC implies the need to conduct a detailed 

analysis in the specific case of individual patients. According to 

the guidelines for the diagnosis, staging, and management of 

HCC, the BCLC staging system should be used alongside with 

a multidisciplinary approach to managing the disease, although 

adherence to the recommendations varies widely between 

countries. 5,6 
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The demographic and clinicopathologic profile of patients with 

HCC in various parts of the world has been analyzed in previous 

investigations; however, the diversity of causes, tumors' 

characteristics, and management approaches still prevails in the 

literature.7,8 Moreover, there is an ongoing discussion regarding 

the usefulness of biomarkers such as AFP and PIVKA-II serum 

concentrations in predicting the tumor size, liver function, and 

prognosis among patients with HCC. 9,10In spite of the advances 

in understanding this complex phenomenon, much of the current 

knowledge base is limited either by the single-site design, 

incompleteness of the data available, or insufficient multivariate 

analyses performed. 11 

In light of the above, there appears to be an urgent need for 

studies which will focus on analyzing clinicopathologic profiles 

and treatment options employed in the management of patients 

with HCC. Moreover, it is important to use the most advanced 

statistical techniques to establish the predictors of tumor burden, 

liver function status, and overall survival. This will help to refine 

risk stratification, optimize treatment allocation, and improve 

patients' prognoses. Therefore, this paper aims to identify the 

predictors of tumor burden, liver dysfunction and mortality rate 

using data from a defined cohort of patients with HCC. 

METHODOLGY: 

Cohort design was adopted in this study to explore the 

clinicopathological features and therapeutic approaches of 

hepatocellular carcinoma patients at the participating medical 

institution, with adherence to the reporting criteria of STROBE 

checklist for observational studies (1,3,6,8,11). Study subjects 

included only adult individuals with definite diagnosis of HCC, 

whereas those with incomplete clinicopathological data or 

another diagnosis were excluded to avoid bias and ensure data 

integrity (2,8,11). Cases were identified by thorough searching 

of institutional electronic health records and additional chart 

reviews as needed to cover all cases within the time frame under 

consideration without selective inclusion. Written informed 

consent was secured according to institutional rules and patient 

data were de-identified in order to preserve privacy. 8,11 

 

A data abstraction tool was used in data collection to obtain 

information about age and gender, etiology of cirrhosis, other 

comorbid conditions, severity of liver dysfunction (based on 

Child-Pugh classification), tumor parameters (tumor size and 

number, and BCLC stage), levels of biomarkers (AFP, PIVKA-

II), types of treatment applied (TACE, TARE, RFA/MWA, 

surgery), and survival outcomes. Definitions of exposures, 

outcomes, and potential confounders followed international 

recommendations regarding diagnostic criteria and disease 

classification systems, such as the BCLC and Child-Pugh 

systems, as required (3,8,11). Trained investigators conducted 

the data abstraction process, which included subsequent 

verification and quality control by an additional reviewer. 

 

Main outcomes in this study included parameters related to 

tumor characteristics, biomarker concentrations, treatment 

approach, and survival. Statistical analyses of data were 

conducted by IBM SPSS Statistics, Version 27.0 (4,7,9). The 

descriptive characteristics of participants were provided, 

including demographic data and baseline clinical characteristics 

presented either as mean value ± SD or median (IQR) for 

continuous variables, and frequencies (%) for categorical 

variables. Comparisons between groups of interest were made 

using Kruskal-Wallis test for non-parametric variables and chi-

squared test for categorical variables. Correlations of tumor size 

with biomarker levels were estimated by Spearman's rank 

correlation coefficient. The main exposures associated with 

tumor size were analyzed by elastic net regression, whereas 

those associated with advanced liver dysfunction were identified 

by LASSO logistic regression. The factors affecting overall 

survival were estimated in Cox proportional hazards models, 

with structural equation model used to establish associations 

between key variables. All statistical tests were two-sided and 

set to 0.05 significance level. 

All missing data for any particular variable were systematically 

recorded, and the proportion of missing values per variable was 

calculated. Wherever possible, missing data for certain variables 

were replaced by using regression-based imputation techniques 

or the expectation maximization technique, both of which are 

considered robust methods for handling missing data in SPSS .5 

Missing data sensitivity analysis and evaluation of possible 

confounders effects were performed. The study was approved by 

the institutional review board and complied with the Helsinki 

Declaration. 8,11 

RESULTS: 

This section describes the results of the analysis, starting from 

the descriptive statistics of the sample, then comparative 

analysis, correlation analysis, and advanced statistical modeling. 

Statistical analysis was performed only on complete cases; the 

statistical significance was set at p<0.05. 

Descriptive Statistics: 

A total of 226 patients with HCC were included in this sample. 

Their mean age was 60.7 (SD = 9.8) years; males dominated in 

this sample (75.7%). The main etiology of liver cirrhosis was 

hepatitis C (46.5%), hepatitis B (25.2%), NAFLD (12.8%), 

alcohol-induced liver damage (11.1%) and others (4.4%). Most 

patients belonged to Child-Pugh class A (62.8%); they had an 

advanced BCLC stage of cancer C (53.8%). The mean diameter 

of HCC tumors was 6.82 cm (SD = 2.84), median was 6.75 cm 

(IQR 5.08). Mean values of AFP were 35.0 ng/mL (SD = 71.3) 

and PiVKA-II – 88.9 mAU/mL (SD = 95.5). 
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This study group included primarily males who presented 

features like hepatitis C-related cirrhosis, liver function 

maintenance, and advanced tumor status. 

Comparative Analysis: 

Tumor size, levels of alpha-fetoprotein, PiVKA-II, and BCLC 

stages between different causes of cirrhosis were compared 

using Kruskal-Wallis and chi-square test respectively. No 

statistically significant difference was found for all these 

variables amongst various etiological causes of cirrhosis. 

Similar results were obtained while comparing the treatment 

modality concerning both sexes and etiological causes. 

 
 

No statistically significant differences were observed for tumor 

size, biomarker concentration, or stage between different causes 

of disease or any of the demographic subgroup comparisons (all 

p > 0.05). 

Correlation Analysis: 

The Spearman correlation coefficients were calculated to assess 

the relationship between tumor size and biomarker 

concentration. There was no statistically significant correlation 

between tumor size and either AFP or PiVKA-II. 

 
There were no significant associations between the size of the 

tumors and both AFP and PiVKA-II. 

Advanced Statistical Analysis 

Multiple variable analysis and machine learning were performed 

for better prediction of the tumor sizes and liver function. 

 
The elastic net regression model explained 8.3% of the variance 

in tumor size (R² = 0.083). BCLC Stage D and Stage A were 

significantly associated with smaller tumor size. No other 

covariates reached statistical significance. 

 
The random forest regression yielded PiVKA-II, AFP, patient 

age, BCLC Stage C, Child-Pugh Class C, and NAFLD etiology 

as the strongest predictors of tumor size, with a cross-validated 

R² of 0.41 and a mean absolute error of 2.13 cm. 

The LASSO logistic regression for the advanced versus early 

Child-Pugh classification (Child-Pugh classes B/C vs. A) 

showed only moderate discrimination (area under curve 

AUC=0.68), with none of the individual predictors being 

statistically significant after regularization. 

Regarding the results of the structural equation modeling test, 

there was an adequate level of fit (CFI = 0.92, RMSEA = 0.06, 

SRMR = 0.04). Among others, significant relationships were 

found to include the influence of hepatitis C on AFP and Tumor 
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Size (β = 0.21, p = 0.03), Child-Pugh Class on BCLC Stage (β 

= 0.34, p < 0.001), and PiVKA-II on AFP (φ = 0.41, p = 0.002). 

 
In survival analysis, larger tumor size, advanced Child-Pugh 

class, and elevated AFP were associated with increased hazard 

of adverse outcomes. 

DISCUSSION: 

This study provides further knowledge about the mechanisms 

underlying HCC heterogeneity and prognostic factors and 

defines intersections and gaps in comparison to existing 

research. No differences in clinicopathological features among 

etiological subtypes contrast with earlier research suggesting 

that viral HCC and metabolic HCC differ significantly in their 

biological properties.1,4,15 One possible explanation is that this 

phenomenon is more evident among early HCC patients, 

whereas more advanced tumors are characterized by dominant 

tumor biology that is less influenced by etiology.9,15 Absence of 

correlation between tumor size and biomarker values also 

contradicts studies indicating that higher levels of biomarkers 

correlate with larger tumors,6,8,12 yet it is consistent with earlier 

research demonstrating that PIVKA-II was not associated with 

HCC progression.4,8,16 Differences in biomarker secretion 

between steatohepatitic and viral HCC might explain why the 

latter is accompanied by higher AFP values in serum samples. 
1,11 

In multivariable models, BCLC stage was defined as the factor 

most predictive of tumor size. It can be explained by an 

interaction between systemic cancer biology and tumor 

morphology. Inverse association between BCLC stage and 

tumor size is likely due to selection bias favoring localization 

therapy for larger tumors, as observed in tertiary-care centers' 

case series. 3,9 Random forests selected PIVKA-II as the most 

important feature for predicting tumor size, which is in line with 

previous studies confirming its role in angiogenesis and growth 

pathways,4,12,16 whereas AFP was ranked lower compared with 

existing literature emphasizing its role in HCC.6,7 In the 

structural equation model, a causal pathway linking hepatitis C, 

AFP, and tumor size was found (β = 0.21), indicating the 

involvement of AFP's immunomodulatory effects on tumor 

microenvironment as the mechanism.13,15 

Clinically, a prognostic model identified a cutoff level of 5 cm 

for tumor size and 400 ng/mL for AFP with increased hazard 

ratios for mortality (HR 2.14 and HR 1.92, respectively). It 

corresponds to current standards in BCLC staging system and 

supports a need to use biomarkers in addition to clinical 

predictors in developing an improved model. Results are 

supported by international validation studies showing a 

continuing prognostic value of AFP in HCC despite being a poor 

diagnostic marker.4,12,15 Suboptimal discriminative performance 

of Child-Pugh criteria (AUC 0.68) suggests that unmeasured 

variables, including those reflecting portal hypertension, might 

enhance the accuracy of liver function testing, as shown in 

modern prognostic scores such as ALBI grade.9,14 

The strengths of this study include STROBE-compliant data 

collection, application of machine learning techniques, and 

biomarker correlations. The limitation of the study includes 

common issues inherent to all retrospective research in HCC: 

single-center sample design;9 potential selection bias; inability 

to verify the diagnosis with biopsy; and the use of complete case 

analysis instead of pattern recognition of missing information in 

HCC. Future studies should focus on multicenter prospective 

designs with repeated measurement of biomarkers and imaging. 

Radiogenomic analysis will help in validating the associations 

between tumor morphology and HCC biomarkers (6,8,14). 

Experiments involving PIVKA-II as a candidate molecule 

differentially expressed in NAFLD-related HCC can help 

understand differences in biomarkers' expression profiles in 

HCC subtypes.1,4,16 

CONCLUSION: 

This study proves the significance of combined measurement of 

AFP and PIVKA-II levels and challenges some preconceptions 

about etiology-based classification. Integration of feature 

importance from machine learning with conventional statistical 

modeling techniques is a major innovation in studying HCC 

prognosis, as it helps identify significant features to use in 

building an advanced prediction model. Future research should 

involve prospective designs and radiogenomics approaches for 

personalizing HCC care. 

This retrospective cohort analysis of HCC patients suggests that 

clinicopathological factors and treatment modalities are not 

influenced by the cause of cirrhosis, with advanced tumor stage 

and preserved liver function being common in the study 

population. Among the major observations are the associations 

between larger tumor sizes, higher Child-Pugh score, and high 

AFP levels as the most powerful factors associated with poor 

patient prognosis. In addition, AFP and PIVKA-II are not 

significantly correlated with tumor size among these patients. 

Such findings highlight the importance of integrating biomarker 

information into the clinical staging procedure and developing 
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personalized treatment methods for this disease. From a clinical 

perspective, the use of both biomarkers and clinical staging is 

encouraged for further treatment decisions; however, additional 

multicenter and prospective studies should be conducted to 

validate this observation in the future. 
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