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ABSTRACT 
Background: Hepatocellular carcinoma (HCC) remains a leading cause of cancer mortality globally, with advanced-stage 

disease representing a significant clinical challenge due to limited curative options. Sorafenib, an oral multikinase 

inhibitor, was the first systemic agent to demonstrate survival benefit in patients with advanced HCC, fundamentally 

shifting treatment paradigms. However, considerable variability in patient outcomes exists, driven by a complex interplay 

of clinical, molecular, and treatment-related factors. This review aims to comprehensively summarize the current evidence 

on determinants of outcome in patients with advanced HCC treated with sorafenib. Key clinical prognostic factors, such 

as liver function, performance status, tumor burden, and underlying liver disease etiology, are discussed alongside 

emerging molecular and serologic biomarkers predictive of response. Special attention is paid to the prognostic value of 

adverse events and treatment adherence, as well as real-world data that inform the generalizability of clinical trial findings. 

Moreover, the review highlights unmet needs in personalizing therapy and integrating novel predictive markers into routine 

care. Ultimately, a better understanding of these determinants can refine patient selection, optimize therapeutic benefit, 

and guide future research in advanced HCC. The review concludes by identifying research gaps and future directions in 

biomarker development and treatment sequencing, with a focus on the evolving landscape of systemic therapy. 
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INTRODUCTION 

Hepatocellular carcinoma (HCC) represents the predominant form of primary liver cancer and ranks as the third leading cause 

of cancer-related death worldwide. Advanced HCC, often diagnosed at a stage unsuitable for curative interventions, has 

historically had limited therapeutic options and a poor prognosis. The advent of sorafenib, an oral tyrosine kinase inhibitor, 

marked a pivotal advance by providing the first demonstrated survival benefit in this setting. Despite its widespread adoption, 

significant heterogeneity persists in patient outcomes, underscoring the importance of identifying robust prognostic and 

predictive determinants. The optimal selection of candidates for sorafenib, prediction of therapeutic benefit, and management of 

adverse events are pressing clinical challenges. While multiple clinical and biological factors have been proposed, their 

integration into routine clinical practice remains suboptimal. This review aims to synthesize current knowledge on determinants 

of outcome in advanced HCC patients treated with sorafenib, highlight validated and emerging biomarkers, and identify key 

research gaps that limit personalization of therapy. By elucidating these factors, we seek to inform clinical decision-making and 

foster advances in individualized management of advanced HCC. 

Overview of Sorafenib in Advanced Hepatocellular Carcinoma 

Sorafenib, an oral multikinase inhibitor, exerts its anti-cancer effect through simultaneous inhibition of the Raf/MEK/ERK 

pathway, which is crucial for tumor cell proliferation, as well as the vascular endothelial growth factor receptor (VEGFR) and 

platelet-derived growth factor receptor (PDGFR), both central to angiogenesis in hepatocellular carcinoma (HCC) [1]. This dual 

activity underpins its efficacy in slowing disease progression and suppressing tumor vascularization, which is a hallmark of 

advanced HCC’s aggressive phenotype. The early preclinical studies demonstrated broad-spectrum activity against a variety of 

tumor cell lines and in vivo models, ultimately justifying its evaluation in HCC clinical trials [2]. 

The pivotal phase III SHARP trial conducted in Western populations established sorafenib as the first systemic therapy to confer 

a statistically significant overall survival benefit in advanced HCC, with a median OS improvement from 7.9 to 10.7 months 

compared to placebo [3]. Notably, the study enrolled patients with well-preserved liver function (Child-Pugh A) and good 

performance status, setting the benchmark for subsequent research and clinical practice. The Asia-Pacific trial, which included 

patients with more aggressive disease and higher rates of hepatitis B virus (HBV) infection, corroborated the survival advantage 

but reported lower absolute survival figures, reflecting regional and etiological differences [4]. Together, these studies led to 

global regulatory approval of sorafenib and its rapid adoption as first-line therapy for advanced HCC [5]. 

Despite its significant impact, the clinical benefit of sorafenib is limited by a relatively low objective response rate (typically 

<5%), with most patients achieving disease stabilization rather than radiological regression [6]. Nonetheless, stabilization itself 

can be clinically meaningful in the context of rapidly progressing HCC. In addition, sorafenib’s side effect profile—including 

hand-foot skin reaction, diarrhea, and fatigue—often necessitates dose reductions or treatment interruptions, highlighting the 

need for careful patient monitoring and supportive care [7]. Adherence to therapy and dose intensity are critical determinants of 

treatment efficacy, and real-world studies consistently show that patients who can tolerate higher doses for longer periods have 

improved outcomes [8]. 

In current international guidelines, sorafenib remains a preferred option for patients with advanced-stage HCC and well-

preserved liver function, particularly when access to newer agents is limited by regulatory, economic, or regional constraints [9]. 

The drug’s established safety profile, broad applicability, and oral administration make it an enduring standard of care in various 

healthcare settings. However, with the introduction of newer tyrosine kinase inhibitors and immune checkpoint inhibitors, the 

positioning of sorafenib is increasingly nuanced, and ongoing research continues to refine its role, particularly in combination or 

sequential strategies [10]. 

A significant limitation of sorafenib is the lack of robust, clinically validated predictive biomarkers to identify likely responders 

before treatment initiation. This challenge arises in part due to the drug’s multitargeted nature and the molecular heterogeneity 

of HCC. Ongoing translational studies aim to elucidate molecular, serologic, and imaging-based predictors of benefit, which 

may enable more personalized and effective use of sorafenib in the future [11]. Moreover, real-world data continue to reveal 

variations in efficacy and tolerability across diverse populations, underscoring the importance of contextualizing trial evidence 

within local practice environments [12]. 
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Clinical Prognostic Factors 

Baseline Liver Function (Child-Pugh Score, ALBI Grade) 

Baseline liver function is a pivotal determinant of outcomes in patients with advanced hepatocellular carcinoma (HCC) 

undergoing sorafenib therapy. The Child-Pugh classification, which incorporates serum bilirubin, albumin, international 

normalized ratio (INR), ascites, and hepatic encephalopathy, has long served as the standard for stratifying cirrhosis severity and 

predicting survival [13]. Pooled analyses from major clinical trials and real-world cohorts consistently show that patients with 

Child-Pugh A cirrhosis derive the greatest benefit from sorafenib, with significantly longer overall survival and better tolerability 

than those with more advanced liver dysfunction [14]. The inclusion criteria for pivotal studies such as SHARP and Asia-Pacific 

reflected this, largely excluding Child-Pugh B and C patients [3,4]. Although sorafenib has been used off-label in Child-Pugh B 

populations, multiple studies report attenuated efficacy and increased rates of severe adverse events in these patients, often 

limiting its clinical utility [15]. 

To further refine risk stratification, the Albumin-Bilirubin (ALBI) grade was developed as an objective, purely laboratory-based 

tool to assess hepatic reserve. Several validation studies confirm that ALBI grading provides comparable or superior prognostic 

discrimination compared to the Child-Pugh system, particularly in patients without significant ascites or encephalopathy [16]. 

Notably, ALBI has proven useful in large Asian and European cohorts, demonstrating a strong correlation with overall survival, 

progression-free survival, and risk of adverse events among HCC patients treated with sorafenib [17]. Incorporating ALBI into 

prognostic models may enable more nuanced patient selection and inform therapy modifications in clinical practice [18]. 

Performance Status (ECOG) 

Performance status, most commonly measured by the Eastern Cooperative Oncology Group (ECOG) scale, is another 

independent and robust predictor of outcome in advanced HCC. Patients with ECOG scores of 0 or 1 generally experience 

superior survival, greater likelihood of completing treatment, and reduced risk of dose-limiting toxicities [19]. Analyses from 

both clinical trial datasets and large observational registries, such as the GIDEON study, reinforce the prognostic significance of 

baseline performance status for both efficacy and safety endpoints [20]. Patients with poor performance status (ECOG ≥2) are 

less likely to benefit from systemic therapy and face higher rates of rapid clinical deterioration, making supportive care or 

alternative treatments more appropriate in this population [21]. 

Tumor Burden and Disease Stage (BCLC Stage, Extrahepatic Spread, Vascular Invasion) 

Tumor-related factors are central to the prognosis of advanced HCC and response to sorafenib. The Barcelona Clinic Liver 

Cancer (BCLC) staging system integrates tumor burden, liver function, and performance status and is widely used to guide 

therapy selection [22]. Within the advanced BCLC-C stage, further heterogeneity exists based on the presence and extent of 

macrovascular invasion (such as portal vein tumor thrombus) or extrahepatic metastases. Numerous studies show that patients 

with lower tumor burden, limited intrahepatic disease, and absence of vascular invasion or metastasis have better survival with 

sorafenib [23]. However, a subset of patients with macrovascular invasion or extrahepatic spread may still achieve stabilization 

or clinical benefit, particularly if liver function is well preserved [24]. Notably, the degree of portal vein invasion is a particularly 

poor prognostic marker, associated with high rates of early progression and liver failure [25]. Stratification by BCLC stage and 

detailed assessment of tumor burden remain critical in routine practice and clinical trial design [22,23]. 

Etiology of Liver Disease (HBV, HCV, NASH) 

The underlying etiology of liver disease can influence tumor biology, progression patterns, and possibly therapeutic response to 

sorafenib. In regions such as Asia, HBV is the predominant cause of HCC, while HCV and non-alcoholic steatohepatitis (NASH) 

are increasingly common in Western populations [26]. There is some evidence suggesting that etiology may affect outcomes: 

HBV-related HCC has been associated with more aggressive clinical features and shorter survival, though these differences are 

confounded by regional and demographic factors [27]. Some cohort studies have suggested that patients with HCV-related HCC 

might experience slightly improved outcomes with sorafenib compared to those with HBV or NASH, but these findings have 

not been consistently replicated in randomized trials [28]. The biological basis for potential differences in drug sensitivity 

according to etiology remains incompletely understood and is a subject of ongoing research [29]. 
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Demographics (Age, Gender, Ethnicity) 

Patient demographic factors such as age, gender, and ethnicity have been explored as potential modifiers of sorafenib efficacy 

and tolerability. Elderly patients, often underrepresented in clinical trials, can generally tolerate sorafenib as effectively as 

younger individuals when appropriately selected based on liver function and comorbidity burden [30]. Subgroup analyses from 

real-world registries and the GIDEON study show no major differences in overall survival or adverse event rates in elderly 

populations, although careful dose titration and monitoring are recommended [31]. Gender does not appear to significantly affect 

outcomes, though the majority of HCC cases globally occur in men [32]. Ethnic differences—especially between Asian and 

Western patients—are more likely related to differences in etiology, disease biology, access to care, and background cirrhosis 

management rather than inherent pharmacogenetic disparities [33]. These demographic considerations underscore the importance 

of individualized patient assessment when considering sorafenib therapy. 

Predictive Biomarkers for Sorafenib Response 

Serum Biomarkers (AFP, DCP, VEGF, Cytokines) 

Alpha-fetoprotein (AFP) is the most commonly utilized serum biomarker in hepatocellular carcinoma (HCC) for both diagnostic 

and prognostic purposes. Elevated baseline AFP is associated with a higher tumor burden and a more aggressive phenotype, and 

retrospective analyses have consistently linked high AFP levels to poorer outcomes in patients treated with sorafenib [34]. 

Importantly, changes in AFP levels during therapy can also provide early insight into treatment response; a rapid decline is often 

associated with radiological response and improved survival, although AFP kinetics are not entirely specific or sensitive [35]. 

Other serum markers, such as des-gamma-carboxy prothrombin (DCP), have also been studied, particularly in Asian populations. 

High baseline DCP correlates with worse prognosis, but its role as a predictive marker for sorafenib response remains less defined 

[36]. 

Serum levels of vascular endothelial growth factor (VEGF) have been explored as potential predictive biomarkers, given 

sorafenib’s anti-angiogenic mechanism. Several studies have shown that higher pretreatment VEGF concentrations are associated 

with aggressive disease, reduced progression-free survival, and limited benefit from sorafenib [37]. In addition to VEGF, a range 

of circulating cytokines—including interleukin-6 (IL-6), interleukin-8 (IL-8), and tumor necrosis factor-alpha (TNF-α)—have 

been examined. Elevated pro-inflammatory cytokine profiles are generally associated with resistance to therapy and shorter 

overall survival, although none have achieved sufficient validation for clinical use [38]. As such, while serum biomarkers can 

provide valuable prognostic information and may assist in monitoring disease trajectory, their predictive utility for sorafenib 

benefit remains suboptimal in routine practice [39]. 

Genomic and Molecular Markers (Gene Mutations, Expression Signatures) 

The search for reliable genomic and molecular predictors of sorafenib response has intensified with the advent of next-generation 

sequencing and high-throughput profiling techniques. Specific gene mutations, such as those in the CTNNB1 (β-catenin) or TP53 

genes, have been variably linked to different patterns of resistance or sensitivity to sorafenib, but results are inconsistent and 

often confounded by underlying liver disease heterogeneity [40]. Some studies have identified FGF19 amplification and 

activation of the FGF signaling axis as potential markers of reduced sensitivity to multikinase inhibitors, although prospective 

validation is limited [41]. Transcriptomic analyses have revealed expression signatures associated with angiogenic or 

proliferative HCC subtypes, which may correspond to greater benefit from anti-angiogenic therapies such as sorafenib [42]. 

However, these findings are preliminary and require further validation in prospective clinical trials. 

In addition to single gene alterations, several groups have proposed composite gene expression signatures or pathway activation 

scores to predict response, including markers of hypoxia, immune activation, and angiogenesis [43]. Despite promising 

preclinical and retrospective data, no genomic biomarker has yet been integrated into standard clinical algorithms for sorafenib 

selection. HCC’s inherent molecular heterogeneity, the complexity of the tumor microenvironment, and the multifaceted action 

of sorafenib present ongoing challenges to biomarker discovery [44]. 

Imaging Biomarkers (Radiomics, Functional Imaging) 

Imaging biomarkers are an emerging area of research aimed at providing noninvasive methods for early prediction of therapeutic 
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response to sorafenib. Radiological assessment in HCC has traditionally relied on Response Evaluation Criteria in Solid Tumors 

(RECIST); however, this may underestimate meaningful responses due to the unique vascular characteristics of liver tumors. 

Modified RECIST (mRECIST) criteria, which focus on arterial phase enhancement as a marker of viable tumor, have improved 

sensitivity in capturing responses to anti-angiogenic therapy [45]. Studies suggest that early reductions in arterial enhancement 

or tumor perfusion on dynamic CT or MRI can predict subsequent clinical benefit and improved survival [46]. 

Radiomics—the extraction of quantitative imaging features from CT or MRI—has the potential to further refine risk stratification 

and response assessment. Preliminary studies have demonstrated associations between specific radiomic signatures at baseline 

or during early therapy and subsequent outcomes on sorafenib [47]. Similarly, functional imaging techniques such as diffusion-

weighted MRI and positron emission tomography (PET) have shown utility in distinguishing responders from nonresponders, 

although their integration into clinical practice remains investigational [48]. As imaging technologies advance, they may offer 

valuable, repeatable tools for monitoring disease evolution and guiding therapeutic decisions in advanced HCC [49]. 

Early Radiological Response and Patterns of Progression 

Beyond baseline biomarkers, dynamic assessment of radiological response during therapy provides critical prognostic 

information. Achievement of early radiological response or stable disease by mRECIST or similar criteria at 6–12 weeks is 

consistently associated with longer overall survival and delayed progression in patients receiving sorafenib [50]. Conversely, the 

development of new extrahepatic lesions or rapid intrahepatic tumor growth on early imaging predicts poor outcomes and may 

warrant a change in treatment strategy [51]. Patterns of progression—such as isolated intrahepatic progression versus multifocal 

or extrahepatic spread—can further inform clinical decision-making, especially as new second-line therapies become available 

[52]. 

While early radiological changes are valuable, it is important to note that sorafenib often induces disease stabilization rather than 

overt tumor shrinkage, and therefore traditional response criteria may underestimate its clinical benefit. Integration of imaging 

findings with clinical, serologic, and molecular data is likely to provide the most comprehensive approach to personalized therapy 

in the future [53]. 

Treatment-Related Factors 

Dose Intensity and Adherence 

Adherence to prescribed dosing and maintenance of adequate dose intensity are key determinants of the therapeutic benefit 

derived from sorafenib in advanced HCC. In real-world practice, dose modifications and interruptions are common due to adverse 

events such as hand-foot skin reaction, diarrhea, hypertension, and fatigue [54]. Analyses from large observational studies have 

shown that patients who are able to tolerate and sustain higher relative dose intensity (RDI) of sorafenib have significantly better 

overall survival compared to those requiring early dose reductions or treatment discontinuation [55]. For example, the GIDEON 

registry reported a clear correlation between RDI and clinical outcomes, even after adjusting for baseline liver function and tumor 

stage [56]. 

It is important to note that lower starting doses have not consistently been shown to improve tolerability or outcomes, and 

underdosing may lead to suboptimal efficacy [57]. Instead, proactive management of side effects, patient education, and 

multidisciplinary care are essential to maximize adherence and treatment duration. Studies also indicate that early interruption 

or discontinuation of therapy is independently associated with inferior progression-free and overall survival, underscoring the 

need for vigilant supportive care and regular toxicity assessment [58]. 

Adverse Events and Their Prognostic Value (Hand-Foot Syndrome, Hypertension) 

Interestingly, the occurrence of specific adverse events—especially hand-foot skin reaction (HFSR) and hypertension—has been 

associated with improved survival in patients treated with sorafenib, potentially serving as pharmacodynamic markers of 

adequate drug exposure [59]. Multiple studies, including retrospective analyses and post hoc reviews of clinical trials, have found 

that patients developing HFSR or hypertension within the first weeks of therapy tend to have higher response rates and longer 

survival compared to those who do not experience these side effects [60]. For instance, an early development of HFSR has been 

identified as an independent predictor of better progression-free and overall survival in several real-world cohorts [61]. 

These observations suggest that certain toxicities may reflect effective on-target drug activity, although their presence should not 



Determinants of Outcome in Advanced Hepatocellular Carcinoma Patients Receiving Sorafenib 
Therapy  

536 

be used as the sole criterion for continuing therapy in the absence of clinical benefit. Conversely, the severity and duration of 

adverse events must be balanced against quality of life and patient preferences, with dose adjustments made as needed [62]. 

Multidisciplinary management and patient counseling remain essential to ensure both safety and sustained therapeutic benefit 

[63]. 

Combination Therapies and Sequential Treatments 

The expanding landscape of systemic therapy for advanced HCC has introduced questions about the optimal use of sorafenib in 

combination with, or sequentially after, other agents. Several trials have investigated combining sorafenib with locoregional 

therapies, cytotoxic agents, or additional targeted agents, but most have failed to show a significant improvement in survival 

compared to sorafenib monotherapy, often due to increased toxicity [64]. However, recent advances in immuno-oncology have 

sparked renewed interest in combination regimens; for example, the combination of anti-VEGF and immune checkpoint 

inhibitors is being actively explored and has already changed the standard of care in some settings [65]. 

Sequential treatment strategies are also evolving. Patients who progress on or are intolerant to sorafenib now have access to 

second-line therapies such as regorafenib, cabozantinib, and ramucirumab, which have demonstrated survival benefit in 

randomized controlled trials [66]. Real-world data support the feasibility of sequencing these agents, with outcomes largely 

dependent on liver function, performance status, and early recognition of disease progression [67]. Moreover, the possibility of 

transitioning from systemic therapy to locoregional or palliative approaches requires careful assessment of tumor dynamics, 

patient preferences, and available resources [68]. The integration of sorafenib into broader treatment algorithms highlights the 

need for ongoing, multidisciplinary decision-making throughout the course of advanced HCC management. 

Outcomes in Special Populations (Elderly, Poor Liver Function, Asian vs. Western Cohorts) 

Real-world evidence (RWE) from observational studies and large registries complements the findings from randomized clinical 

trials, providing valuable insights into the effectiveness and safety of sorafenib in broader, more heterogeneous patient 

populations [69]. Unlike tightly controlled clinical trials, real-world studies frequently include elderly patients, those with 

impaired liver function, and individuals with significant comorbidities, reflecting the complexities of routine practice. For 

instance, analyses from the Italian Liver Cancer Group (GISC) and GIDEON registry demonstrate that sorafenib remains active 

in elderly patients (≥75 years), with efficacy and adverse event profiles similar to those observed in younger cohorts, provided 

that careful patient selection and monitoring are employed [70,71]. Dose adjustments are often necessary, but treatment 

discontinuation due to intolerance is not substantially higher among older patients when comorbidities and liver function are 

accounted for [72]. 

Patients with Child-Pugh B cirrhosis or borderline liver function represent a particularly challenging subgroup. While pivotal 

trials focused mainly on Child-Pugh A patients, several real-world analyses suggest that carefully selected patients with mild 

Child-Pugh B cirrhosis may derive modest benefit from sorafenib, although overall survival and time to progression are generally 

reduced compared to those with well-preserved hepatic function [73]. Adverse event rates, particularly hepatic decompensation, 

are higher in this group, emphasizing the importance of vigilant monitoring and early supportive interventions [74]. Asian and 

Western patient cohorts may also demonstrate different clinical characteristics and treatment responses, largely due to variations 

in HCC etiology (e.g., HBV vs. HCV/NASH), stage at presentation, and background healthcare resources [75]. Despite these 

differences, meta-analyses indicate that the relative benefit of sorafenib remains consistent across geographic regions when 

baseline liver function and performance status are considered [76]. 

Real-World Registries and Retrospective Analyses 

Large real-world registries, such as the GIDEON study (Global Investigation of therapeutic DEcisions in hepatocellular 

carcinoma and of its treatment with sorafeNib), have provided key data on sorafenib use across various clinical subgroups [77]. 

GIDEON included over 3,000 patients from 39 countries, allowing detailed analyses by age, liver function, etiology, and 

comorbidities. Results demonstrated that baseline Child-Pugh class, ECOG performance status, and tumor stage remain the 

primary predictors of survival, confirming the applicability of clinical trial findings to everyday practice [78]. Furthermore, 

registry data have illuminated patterns of dose adjustment, management of adverse events, and reasons for treatment 

discontinuation—offering practical guidance for clinicians managing complex cases [79]. 
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Retrospective analyses from multiple centers have also explored prognostic models that incorporate both baseline and dynamic 

variables. These models often include simple, routinely available parameters (e.g., ALBI grade, AFP, tumor burden) and can aid 

clinicians in stratifying patients for treatment or referral to palliative care [80]. Real-world studies have further underscored the 

significance of early treatment response, particularly early radiological stabilization or development of hand-foot skin reaction, 

in predicting favorable outcomes with sorafenib [81]. Collectively, these data reinforce the importance of individualized care, 

early identification of poor prognostic indicators, and the integration of multidisciplinary support to optimize outcomes in 

advanced HCC [82]. 

Future Directions  

The treatment landscape for advanced hepatocellular carcinoma (HCC) is rapidly evolving, with a surge in clinical research 

aimed at overcoming the limitations of existing therapies such as sorafenib. One major unmet need is the identification and 

clinical validation of reliable predictive biomarkers for response to systemic therapy. Despite numerous efforts, no molecular, 

serological, or imaging-based biomarker has yet been established for routine use in selecting patients most likely to benefit from 

sorafenib or other kinase inhibitors [83]. Ongoing studies are exploring multi-omics approaches, including genomics, 

transcriptomics, and proteomics, in hopes of developing composite risk signatures that may guide individualized therapy in the 

future [84]. 

Another key area for advancement is the integration of immune-based therapies. The introduction of immune checkpoint 

inhibitors—such as atezolizumab plus bevacizumab—has demonstrated significant survival benefits over sorafenib in the first-

line setting, fundamentally altering the treatment paradigm for advanced HCC [85]. The future will likely involve rational 

combinations of kinase inhibitors with immunotherapies, either concurrently or in sequence, to exploit potential synergies and 

overcome resistance mechanisms [86]. However, optimal sequencing strategies, management of overlapping toxicities, and cost-

effectiveness analyses remain open questions requiring further clinical investigation [87]. 

There is also an urgent need to refine treatment algorithms for patients with special characteristics, including those with 

borderline liver function (Child-Pugh B), poor performance status, or significant comorbidities, who are commonly 

underrepresented in pivotal clinical trials [88]. The development of real-world risk models and pragmatic clinical tools—

incorporating dynamic markers such as early treatment response, tolerability, and changes in liver function—may assist in 

tailoring therapy for these challenging populations [89]. Furthermore, as new therapies are introduced, defining the role of 

sorafenib (and similar agents) as part of sequential, combination, or salvage regimens will require high-quality evidence and 

consensus from multidisciplinary teams [90]. 

Finally, there is a critical need for improved access to innovative therapies and clinical trials in low- and middle-income countries, 

where the burden of HCC is highest and resources are often limited [91]. Global collaboration in research, data sharing, and 

guideline development will be essential to ensure equitable progress and maximize the impact of emerging therapies on patient 

outcomes worldwide [92]. The future of advanced HCC management will rely on a combination of precision medicine, 

personalized risk assessment, and sustained international cooperation to address ongoing challenges and improve survival for all 

patients. 
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