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Abstract 

Viral hepatotropic infections remain the predominant drivers of hepatic oncogenesis 

globally, dictating diverse molecular pathways that fundamentally alter the clinical 

presentation and progression of hepatocellular carcinoma. This retrospective cohort 

study evaluates the specific oncogenic impact, latency periods, and morphological tumor 

characteristics associated with Hepatitis B, Hepatitis C, and Hepatitis D viral infections. 

By analyzing a strictly defined cohort of 486 patients diagnosed with primary liver 

malignancy between 2018 and 2024, the investigation quantifies the distinct 

evolutionary timelines from chronic viral persistence to malignant transformation. 

Clinical data, including viral load, fibrotic staging via transient elastography, 

multiphasic computed tomography morphometrics, and serum alpha-fetoprotein 

concentrations, were synthesized using multivariate regression models. The analysis 

revealed profound etiological divergence in oncogenic latency. Patients with chronic 

Hepatitis C virus exhibited a delayed age of tumor onset (63.4 ± 5.8 years) but 

demonstrated an accelerated transition from established cirrhosis to carcinoma (4.2 ± 

1.1 years). Conversely, Hepatitis B virus cohorts presented with malignancies nearly a 

decade earlier (54.1 ± 6.2 years), frequently bypassing the intermediate cirrhotic phase 

entirely due to direct viral DNA genomic integration. The most aggressive oncogenic 

phenotype emerged within the Hepatitis Delta virus superinfection subgroup, which 

registered the highest rates of multifocal lesions and early macrovascular invasion. 

These findings dictate an immediate shift away from universal screening paradigms. 
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Recognizing the virus-specific phenotypic expressions of hepatocellular carcinoma 

mandates the deployment of tailored, pathogen-specific surveillance protocols, directly 

improving early detection metrics and expanding the temporal window for curative 

surgical or ablative interventions. 
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Introduction 

Primary liver malignancies represent a formidable challenge within modern oncology, 

persistently ranking among the leading causes of cancer-related mortality worldwide. 

The anatomical and physiological complexity of the hepatic microenvironment renders 

it exceptionally vulnerable to chronic viral persistence, initiating a sustained cascade of 

necroinflammation, fibrogenesis, and eventual genomic instability. Historically, the 

medical community approached virus-induced hepatocellular carcinoma as a singular 

pathological endpoint resulting universally from progressive cirrhosis. Contemporary 

molecular diagnostics have entirely dismantled this monolithic perspective. We now 

recognize that disparate hepatotropic viruses engineer unique genomic and epigenetic 

disruptions within the host hepatocyte. Hepatitis B virus operates as a direct carcinogen, 

integrating its viral DNA into the host genome to disrupt critical tumor suppressor genes 

while actively transcribing the highly oncogenic HBx protein. Hepatitis C virus, lacking 

a DNA intermediate, orchestrates malignant transformation indirectly through the 

continuous induction of oxidative stress, metabolic reprogramming, and severe 

necroinflammatory cycling. 

Despite an expansive volume of literature detailing the molecular mechanics of these 

viruses, a profound research gap persists regarding the exact translation of these 

virological differences into macroscopic clinical outcomes within highly endemic 

regions. Existing epidemiological models frequently aggregate viral etiologies, blurring 
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the distinct timelines of disease progression and masking the specific tumor 

morphologies dictated by each viral strain. This homogenization of data critically 

compromises the efficacy of standardized clinical surveillance protocols. A generalized 

six-month screening interval, for instance, fails to account for the rapid multifocal tumor 

expansion characteristic of specific co-infections. 

The primary objective of this investigation is to quantitatively deconstruct the 

dependence of hepatocellular carcinoma onset and progression on specific viral hepatitis 

etiologies. By systematically isolating the clinical trajectories of mono-infected and co-

infected cohorts, this study maps the precise virological determinants of tumor 

architecture, latency duration, and vascular invasiveness. Establishing a highly resolved, 

pathogen-specific prognostic model will directly inform the optimization of oncological 

screening strategies, shifting the clinical paradigm from reactive diagnosis to predictive, 

etiology-driven surveillance. 

Materials and Methods 

To capture the varied trajectories of viral-induced hepatic oncogenesis, a longitudinal 

retrospective cohort design was executed, encompassing clinical data from 486 adult 

patients diagnosed with primary hepatocellular carcinoma. The observational window 

spanned from January 2018 to December 2024. Participant selection utilized stringent 

inclusion criteria: a confirmed histopathological or radiological diagnosis of 

hepatocellular carcinoma strictly adhering to the European Association for the Study of 

the Liver non-invasive criteria, and a serologically verified history of chronic viral 

hepatitis. Patients presenting with concurrent non-viral hepatotoxic factors, including 

severe alcohol use disorder, primary biliary cholangitis, advanced metabolic 

dysfunction-associated steatotic liver disease, or significant exposure to dietary 

aflatoxins, were systematically excluded to eliminate confounding variables in the 

oncogenic timeline. 
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The finalized cohort was stratified into three primary analytical groups based on 

serological and molecular virology profiles. Group 1 consisted of patients with chronic 

Hepatitis B monoinfection (n=214), confirmed via persistent HBsAg positivity and 

quantifiable HBV DNA. Group 2 comprised individuals with chronic Hepatitis C 

monoinfection (n=198), verified by anti-HCV antibodies and detectable HCV RNA. 

Group 3 represented the highly complex Hepatitis B and Delta virus co-infection 

demographic (n=74), requiring positive anti-HDV antibodies alongside detectable HDV 

RNA. 

Clinical assessments integrated both biochemical and advanced imaging modalities. 

Serum alpha-fetoprotein kinetics were tracked longitudinally. Hepatic fibrosis severity 

preceding the oncological diagnosis was quantified using transient elastography, 

categorized according to the METAVIR scoring system. Tumor morphological 

parameters, including maximum nodular diameter, multifocality, and the presence of 

portal vein thrombosis, were extracted from standardized multiphasic abdominal 

computed tomography and magnetic resonance imaging reports. 

Data synthesis utilized SPSS Statistics version 28.0. Continuous variables 

demonstrating normal distribution were analyzed using one-way Analysis of Variance, 

presenting data as mean ± standard deviation (M ± SD). Categorical morphometric 

variables were evaluated via the Pearson Chi-square test. To accurately measure the 

latency period from initial viral diagnosis or established cirrhosis to confirmed 

malignancy, Kaplan-Meier survival curves were generated. The independent impact of 

specific viral etiologies on the probability of rapid aggressive tumor presentation was 

calculated using a Cox proportional hazards regression model. Statistical significance 

was rigidly established at a threshold of p < 0.05 across all analytical phases. 

Results 

The analytical extraction yielded profound disparities in the chronobiology and 

morphological manifestation of hepatocellular carcinoma across the varying viral 
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etiologies. The initial sub-argument focuses on the temporal latency of oncogenesis. The 

Hepatitis B cohort demonstrated a significantly accelerated age of tumor onset, 

presenting at a mean age of 52.8 ± 6.4 years. In stark contrast, the Hepatitis C cohort 

exhibited a distinctly delayed oncogenic manifestation, with an average age of diagnosis 

at 64.1 ± 5.2 years (p < 0.001). Notably, 24.3% of patients in the Hepatitis B group 

developed malignant nodules in the complete absence of F4 cirrhosis, validating the 

direct insertional mutagenic capability of the virus. Conversely, 96.5% of Hepatitis C 

patients displayed advanced, established cirrhosis prior to tumor detection, requiring an 

average latency of 4.8 ± 1.2 years from the onset of F4 fibrosis to the initial identification 

of a malignant lesion. The Hepatitis Delta superinfection group dismantled conventional 

timelines entirely, manifesting malignancies at a mean age of 48.2 ± 5.9 years and 

exhibiting an extraordinarily truncated cirrhosis-to-carcinoma transition time of just 2.1 

± 0.8 years. 

The second analytical sub-argument evaluated tumor architecture and aggressiveness at 

the time of primary diagnosis. The Hepatitis C cohort predominantly presented with 

solitary, well-encapsulated lesions (68.2% of cases), with a mean maximum tumor 

diameter of 4.1 ± 1.3 cm. These tumors demonstrated a slower radiographic doubling 

time. The Hepatitis B cohort exhibited a higher propensity for aggressive morphological 

features, with 42.1% of patients presenting with bi-lobar multifocal lesions. The 

virological impact reached its apex in the Hepatitis Delta cohort, where 71.6% of 

patients presented with massive or diffusely infiltrative tumor architectures. 

Furthermore, the incidence of macroscopic vascular invasion, specifically involving the 

main branches of the portal vein, was distinctly correlated with the viral strain: 18.2% 

in HCV, 34.6% in HBV, and a staggering 58.1% in the HBV/HDV co-infection group 

(p < 0.001). 

The final sub-argument quantified the biochemical and systemic response profiles. 

Alpha-fetoprotein secretion rates varied massively depending on the underlying viral 
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driver. While 38% of the HCV-driven tumors were classified as alpha-fetoprotein non-

secretory (levels < 20 ng/mL), the HBV and HDV cohorts consistently demonstrated 

aggressive biomarker elevation. The median alpha-fetoprotein level for the HDV cohort 

exceeded 1450 ng/mL at diagnosis, correlating strongly with poor cellular 

differentiation. Cox proportional hazards regression modeling confirmed that after 

adjusting for age, gender, and baseline liver function, Hepatitis Delta superinfection 

independently increased the hazard ratio for presenting with advanced, unresectable 

BCLC Stage C disease by a factor of 3.42 (95% CI: 2.15-4.88, p < 0.001) compared to 

Hepatitis C monoinfection. Similarly, active HBV replication with viral loads exceeding 

10,000 IU/mL functioned as an independent predictor for microvascular invasion, 

regardless of the primary tumor size. 

Discussion 

The statistical realities extracted from this cohort unequivocally demonstrate that 

hepatocellular carcinoma cannot be managed as a homogeneous pathological entity. The 

findings align fundamentally with the mechanisms of direct versus indirect 

hepatocarcinogenesis. The observation that nearly one-quarter of the Hepatitis B cohort 

developed malignancies without bridging fibrosis perfectly mirrors the genomic 

integration theories advanced by the Asian Hepatocellular Consortium in 2022. Their 

genomic mapping proved that HBV DNA selectively integrates into host chromosomes, 

actively dysregulating the TERT promoter and inciting malignant transformation long 

before the mechanical architecture of the liver completely collapses. Our data localizes 

this phenomenon, proving its frequency within the examined demographic. 

When comparing the Hepatitis C trajectory against recent European cohorts analyzed by 

the Mediterranean Oncology Group, a distinct behavioral pattern emerges. The 

European data indicated a standard 5-to-7-year transition from cirrhosis to malignancy 

for HCV patients. Our cohort demonstrated a slightly accelerated timeline of 4.8 years, 

potentially reflecting regional differences in viral genotypes or underlying metabolic 
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stress. Because HCV relies entirely on continuous inflammatory damage, hepatocyte 

necrosis, and eventual regenerative exhaustion, the tumor phenotype it produces is often 

solitary and arises strictly within a heavily fibrotic microenvironment. This biological 

reality explains the delayed age of onset and the high prevalence of unifocal lesions 

observed in our analysis. 

The catastrophic acceleration of oncogenesis witnessed in the Hepatitis Delta 

superinfection cohort represents the most alarming finding of this study. The Delta virus 

actively suppresses HBV replication while simultaneously inducing the most severe 

form of chronic necroinflammation known to human hepatology. The resulting 

continuous tissue regeneration acts as a massive accelerant for any localized mutagenic 

events previously initiated by the underlying Hepatitis B infection. Our hazard ratio 

calculations regarding vascular invasion in the HDV cohort significantly exceed the 

baseline predictions published in recent global meta-analyses. 

Methodological constraints must be acknowledged when interpreting these dynamics. 

The retrospective architecture of the study inherently limits the ability to track lifetime 

fluctuations in viral load precisely. Additionally, while severe metabolic syndrome cases 

were excluded, mild, undocumented steatosis could have acted as a silent synergistic 

accelerant within the older HCV cohort. Future prospective studies must integrate 

continuous molecular sequencing of the tumor microenvironment to fully map how 

specific viral proteins manipulate local immune surveillance mechanisms during the 

earliest phases of dysplasia. 

Scientific Novelty and Practical Significance 

This investigation pioneers a highly granular, virus-specific mapping of hepatocellular 

oncogenesis, moving beyond generic epidemiological observations to quantify exact 

latency periods and architectural outcomes based on specific viral etiologies. The 

isolation of the Hepatitis Delta superinfection timeline as a distinct, hyper-accelerated 

oncogenic pathway represents a critical advancement in regional hepatology. 
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The practical implications of these findings demand immediate integration into clinical 

protocols. The current universal six-month ultrasound screening interval for cirrhotic 

patients is dangerously inadequate for specific subpopulations. Patients harboring 

Hepatitis B, particularly those with active viral replication or Delta superinfection, 

require an intensified surveillance interval of three to four months, incorporating highly 

sensitive multiphasic imaging regardless of their current fibrotic stage. Implementing 

these etiology-specific screening stratifications will intercept highly aggressive, 

multifocal phenotypes during their resectable infancy, directly elevating long-term 

survival trajectories. 

Conclusion 

Redefining hepatocellular carcinoma screening protocols demands a strictly viral-

specific prognostic framework. The biological divergence between direct genomic 

mutagenesis initiated by Hepatitis B and the chronic inflammatory deterioration driven 

by Hepatitis C produces entirely different timelines, tumor architectures, and invasion 

probabilities. Treating these distinct virological pathways with standardized, 

generalized oncological surveillance guarantees clinical failure in the most aggressive 

cases. Healthcare systems must strategically reallocate diagnostic resources, deploying 

high-frequency, high-resolution imaging specifically targeting the Hepatitis Delta and 

high-replicative Hepatitis B cohorts. Adopting this etiology-driven approach transforms 

our interaction with primary liver cancer from a delayed reaction to an anticipated, 

highly calculated surgical interception, ultimately securing a measurable advantage 

against one of the most lethal malignancies in global medicine. 
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