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Abstract
Background: Hepatocellular (HCC) is a

significant global health concern due to its high mortality

carcinoma

rates, highlighting the urgent need for improved

diagnostic, prognostic, and therapeutic markers.
Biomarkers hold potential for enhancing the early
detection, prognostic evaluation, and treatment response
assessment of HCC. Methods: A systematic review was
conducted to evaluate the utility of various biomarkers in
the diagnosis, prognosis, and prediction of treatment
responses in HCC. A comprehensive search was
performed in electronic databases, including PubMed,
Embase, Scopus, and the Cochrane Library, up to January
2024. Studies that assessed biomarkers for HCC in terms
of diagnostic accuracy, prognostic value, or their role in
predicting treatment responses were included. Data
extraction and quality assessment were performed for all
eligible studies. Results: The search initially identified 78
articles, of which 41 met the inclusion criteria. The review
evaluated biomarkers from genomic, epigenomic,
transcriptomic, proteomic, and metabolomic sources. The
diagnostic accuracy of these biomarkers ranged from 70%

to 90%, with alpha-fetoprotein (AFP) being the most
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frequently studied and widely utilized biomarker.
Prognostic biomarkers were found to have significant
associations with overall survival and disease-free survival.
Biomarkers predicting treatment responses, particularly
to sorafenib and immunotherapy, exhibited varying levels
of sensitivity and specificity. Conclusion: Biomarkers play
a critical role in the management of HCC, offering
promising potential for early diagnosis, prognostic
assessment, and prediction of treatment responses.
However, further validation and standardization of these
biomarkers are required before they can be implemented
clinically. Future research should aim to identify and
integrate novel biomarkers within a multidisciplinary
framework to enable personalized management of HCC.
Keywords: Hepatocellular carcinoma, biomarkers, diagnosis, prognosis,

treatment response.

Introduction

Hepatocellular carcinoma (HCC) is the most common primary
liver cancer and a major global health concern due to its high
prevalence and poor prognosis. It is the sixth most common cancer
worldwide and the fourth leading cause of cancer-related deaths,
with approximately 840,000 new cases and 780,000 deaths annually
(Sung et al.,, 2021). The highest incidence rates are found in regions
with high rates of chronic hepatitis B virus (HBV) infection, such as
sub-Saharan Africa and East Asia, while the highest mortality rates
are observed in Mongolia and Egypt (Bray et al., 2024). In recent
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years, there has been a noticeable increase in HCC incidence in
Western countries, largely attributed to the rising prevalence of
nonalcoholic fatty liver disease (NAFLD) and hepatitis C virus
(HCV). The prognosis of HCC is generally poor, with a 5-year
survival rate of around 18%, largely due to late-stage diagnosis and
limited treatment options (Petrick et al., 2016). Early-stage HCC is
often asymptomatic, leading to delayed diagnosis and missed
opportunities for curative treatment. Current diagnostic methods
for HCC
tomography, magnetic resonance imaging) and serum biomarkers

alpha-fetoprotein (AFP)

include imaging studies (ultrasound, computed

such as and des-gamma-carboxy
prothrombin (DCP). However, these methods have limitations in
terms of sensitivity, specificity, and early detection of HCC,
highlighting the need for more effective biomarkers (Griffiths et al.,
2022).

Biomarkers play a crucial role in the management of HCC, offering
potential for early detection, prognostic assessment, and prediction
of treatment responses (Galle et al., 2018). They can be used to
stratify patients based on their risk of developing HCC, monitor
disease progression, and guide treatment decisions. Biomarkers can
be derived from various sources, including genomic, epigenomic,
transcriptomic, proteomic, and metabolomic profiles. They offer
the promise of personalized medicine by allowing clinicians to
tailor treatment strategies based on the molecular characteristics of
individual tumors (Thorn et al., 2023). The use of biomarkers in
HCC management has several advantages. Firstly, they can help
overcome the limitations of current diagnostic methods by
providing more accurate and reliable markers for early detection.
Secondly, biomarkers can improve prognostic assessment by
identifying patients at high risk of disease recurrence or
progression. Lastly, biomarkers can guide treatment decisions by
predicting which patients are likely to respond to specific therapies,
such as sorafenib or immunotherapy (Llovet et al., 2022). In HCC
is a major global health burden with high morbidity and mortality
rates. Biomarkers offer great promise in improving the
management of HCC by enabling early detection, prognostic
assessment, and prediction of treatment responses (Marrero et al.,
2018). Further research is needed to identify and validate novel
biomarkers that can enhance the accuracy and effectiveness of HCC

management strategies.

Methodology

Study Selection

Study selection involved screening the titles and abstracts of
retrieved articles to assess eligibility based on predefined inclusion
and exclusion criteria. Full-text articles of potentially eligible
studies were then reviewed to determine final inclusion. Two
independent reviewers performed the selection process, with any

discrepancies resolved through discussion and consensus. The

selection process aimed to identify studies evaluating biomarkers
for hepatocellular carcinoma (HCC) diagnosis, prognosis, or
treatment response assessment, published in English and
conducted in human subjects.

Search strategy

The search strategy involved a systematic search of electronic
databases including PubMed, Embase, Scopus, and the Cochrane
Library. Keywords and MeSH terms related to hepatocellular
carcinoma (HCC), biomarkers, diagnosis, prognosis, and treatment
response were used. Boolean operators (AND, OR) were employed
to combine search terms appropriately. Studies published in
English and conducted in human subjects were included, while
reviews, case reports, and conference abstracts were excluded.
Data extraction

Data extraction involved extracting relevant information from
included studies using a standardized form. Variables of interest
included study characteristics (author, year, country), study design,
patient characteristics (sample size, demographics), biomarkers
evaluated, and diagnostic accuracy measures (sensitivity,
specificity, area under the receiver operating characteristic curve).
Additionally, prognostic value (overall survival, disease-free
survival, recurrence) and treatment response assessment data were
extracted. Data synthesis was performed to summarize the findings
of included studies, identify common trends or patterns, and
evaluate biomarkers' diagnostic, prognostic, and treatment
response assessment utility in hepatocellular carcinoma
management.

Data Analysis

Data were analyzed using SPSS version 26. Descriptive statistics
such as frequencies, percentages, means, and standard deviations
were used to summarize the characteristics of the included studies.
Sensitivity, specificity, and area under the receiver operating
characteristic curve were calculated for diagnostic accuracy
measures. Prognostic value was assessed using overall survival,
disease-free survival, and recurrence rates. Treatment response
assessment was evaluated based on response rates to specific
therapies. Data synthesis was performed to summarize the findings
and draw conclusions regarding the utility of biomarkers in
hepatocellular carcinoma management.

Results

Study Characteristics

The table summarizes key characteristics of studies focusing on
hepatocellular carcinoma (HCC) biomarkers. It includes authors,
titles, methodologies, results, and key findings from each study. The
studies discuss the importance of early HCC diagnosis, limitations
of current techniques, and potential therapeutic and diagnostic
value of biomarkers. They highlight the need for improved
screening, and treatment HCC,

diagnosis, strategies for
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emphasizing the potential of biomarkers in improving patient
outcomes.

Diagnostic Methods

The studies reviewed employ various diagnostic methods for
hepatocellular carcinoma (HCC), including serum biomarkers,
imaging techniques, and biopsy analysis. They highlight the
limitations of current screening strategies, such as low sensitivity
and specificity, and discuss the potential of blood-based biomarkers
for early HCC detection. Noninvasive methods for biomarker
analysis are emphasized for their diagnostic value, while liver tissue-
derived biomarkers are considered for their therapeutic potential.
These studies underscore the importance of improving diagnostic
accuracy and the role of biomarkers in enhancing HCC diagnosis.
The overview of various research articles focusing on biomarkers
for hepatocellular carcinoma (HCC) diagnosis, prognosis, and
treatment response assessment. Each article contributes unique
insights into the field, highlighting the importance of early
diagnosis, the limitations of current techniques, and potential
therapeutic implications of biomarkers (Yu et al., 2023). One of the
key findings from Gustavo Ferrin and Patricia Aguilar-Melero's
research is the potential of biomarkers obtained from noninvasive
methods for HCC diagnosis, which have greater diagnostic value
compared to those obtained from liver tissue. They also highlight
the low tumor response rates and acquired resistance associated
with sorafenib, the only approved antineoplastic for HCC. This
underscores the need for improved diagnostic accuracy and the
potential of biomarkers in both diagnosis and therapy. Federico
Piflero, Melisa Dirchwolf, and Mario Pessoa discuss the limitations
of current screening, diagnosis, and treatment strategies for HCC.
They emphasize the low sensitivity and heterogeneous specificity of
serum biomarkers used for HCC surveillance and diagnosis.
However, they also mention that some serum biomarkers are
already implicated as a treatment selection tool and for assessing
clinical benefit after treatment, indicating their potential clinical
utility (Cifras et al., 2019).

Yasi Pan and Huarong Chen provide a broader perspective on
biomarkers' current status and future perspectives in HCC. They
highlight the diverse nature of biomarkers in HCC and their
promise for improving diagnosis, prognosis, and treatment. They
also discuss the importance of personalized approaches for
surveillance and management, as HCC is heterogeneous. This
emphasizes the need for precision medicine approaches in HCC
management (Umeda et al., 2019).

Yuqing He's research focuses on the potential of immunotherapy,
especially immune checkpoint inhibitors (ICIs), as a treatment
option for advanced HCC. They emphasize the importance of
understanding the interaction between ICIs and tumors for
improving treatment outcomes. They also discuss various potential

biomarkers for immunotherapeutic responses in HCC, indicating

the ongoing efforts to personalize treatment based on biomarker
profiles (Ai et al, 2020). Kaige Deng and Jiali Xing's work on
urinary biomarkers for HCC sheds light on a potentially non-
invasive method for diagnosing and monitoring HCC. They
emphasize the need for further research to establish the sensitivity
and specificity of these biomarkers in large cohorts. Their work
underscores the importance of exploring novel biomarkers and
technologies for better management of HCC.

Discussion

The evolving landscape of biomarkers for HCC diagnosis,
prognosis, and treatment response assessment. They underscore
the need for improved diagnostic accuracy, personalized treatment
approaches, and ongoing research to validate and refine biomarker-
based strategies for managing HCC.

Biomarkers with high sensitivity and specificity for HCC diagnosis
Early detection of HCC is crucial for improving patient outcomes,
but it remains challenging due to the lack of sensitive and specific
biomarkers. Several biomarkers have been studied for their
potential utility in HCC diagnosis, including alpha-fetoprotein
(AFP), carbohydrate antigen 19-9 (CA19-9), carcinoembryonic
(CEA),
aminotransferase (AST), and alkaline phosphatase (ALP) (Forner
etal., 2018; Tufael etal., 2024 ). Alpha-fetoprotein (AFP) is the most
widely studied biomarker for HCC. While AFP levels are elevated

in some HCC patients, particularly those with large tumors, its

antigen alanine aminotransferase (ALT), aspartate

sensitivity and specificity are not sufficient for accurate early
diagnosis. Studies have shown that AFP levels can also be elevated
in patients with chronic liver disease, cirrhosis, and other
malignancies, limiting its utility as a standalone biomarker (Table
1).

Cancer antigen 19-9 (CA19-9) is another biomarker that has been
investigated for its potential role in HCC diagnosis. CA19-9 levels
have been found to be elevated in some HCC patients, but like AFP,
it lacks the sensitivity and specificity required for accurate early
detection (Wang et al.,, 2019; Tufael et al., 2024). CA19-9 levels can
also be elevated in patients with benign liver conditions and other
cancers, further limiting its utility in HCC diagnosis.
Carcinoembryonic antigen (CEA) is a biomarker that is often
elevated in HCC patients. However, like AFP and CA19-9, CEA
lacks the sensitivity and specificity required for accurate early
diagnosis of HCC. Elevated CEA levels can also be found in patients
with other malignancies and inflammatory conditions, reducing its
utility as a standalone biomarker for HCC.

Alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) are liver enzymes that are often elevated in patients with liver
disease, including HCC. While ALT and AST levels can provide
information about liver function, they lack the specificity required
for accurate HCC diagnosis (Giannini et al., 2005; Md. Tahsin

Salam et al., 2024). Elevated ALT and AST levels can be seen in
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Table 1. Summary of Studies on Biomarkers in Hepatocellular Carcinoma

Authors Methodology Results Key Findings
(Ferrin et Discusses HCC diagnosis, Noninvasive biomarkers have diagnostic Improved diagnostic accuracy and potential
al,, 2015) limitations, and biomarker value; liver tissue biomarkers have therapeutic biomarkers needed
sources therapeutic potential
(Pifero et Literature review on HCC Serum biomarkers show low sensitivity; Need for better screening and diagnostic
al., 2020) biomarkers, screening, and BALAD score linked to worse prognosis strategies; potential future role of biomarkers in
diagnosis various clinical applications
(Panetal, | Literature review on HCC Diverse biomarkers promise better Importance of precision medicine; potential of
2020) biomarkers and future diagnosis and treatment; HCC genetic and epigenetic biomarkers, and gut
perspectives heterogeneity impacts management microbiome for non-invasive diagnosis
(He et al,, Literature review on HCC Immunotherapy shows promise; Improved immunotherapy efficacy and need for
2021) treatment and immunotherapy predictive biomarkers essential for predictive biomarkers
personalized treatment
(Deng et Literature review on HCC risk Major risk factors: hepatitis B/C, aflatoxin, | Focus on biomarker quantification, validation in
al., 2023) factors and urinary biomarkers alcoholism; urinary biomarkers' sensitivity | large cohorts, and understanding their functions
and specificity key for better HCC management
(Kondo et Review on HCC diagnosis, Noninvasive biomarkers diagnostic; liver Emphasis on early diagnosis and potential of
al., 2015) limitations, and biomarker tissue biomarkers therapeutic biomarkers for therapy
sources
(Eilard et Review on combination Need for replication outside Asia; early Importance of replicating findings and clarifying
al., 2020) biomarkers for HCC detection developmental stage of biomarker clinical aspects for biomarker use
combinations
(De et al., Review on early HCC diagnosis, Novel biomarkers validated in trials; AFP's | Promise of omics technologies and AI; need for
2018) omics technologies, and Al efficacy questioned more research in developing countries
(Parikh et Review on HCC surveillance Need for improved blood-based Potential of genetic markers and cell-free DNA;
al., 2020) strategies and blood-based biomarkers; limitations of DCP in early importance of validating biomarkers for early
biomarkers detection detection
(Parikh et Review on HCC screening Current screening limited; blood-based Challenges in transitioning to biomarker-based
al., 2023) strategies and blood-based biomarkers promising but need validation | screening; need for alternative approaches and
biomarkers validation in at-risk cohorts
(Tufael et Study on serum biomarkers and Correlation of biomarkers like AFP and Insights into biomarker use for diagnosis;
al., 2024) HCC detection in Bangladeshi vitamin D with HCC; health risks include | significance of empirical data for understanding
fisher communities tobacco use and polluted water health factors in specific communities
(Tufael et Study on tumor differentiation Correlation between age, tumor size, and Importance of early detection in infected
al.,, 2024) and biomarkers in HCC patients hepatitis types; larger tumors with populations; need for further research due to
moderate differentiation small sample size and limited focus on tumor
markers
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patients with various liver conditions, limiting their utility as
standalone biomarkers for HCC. Alkaline phosphatase (ALP) is
another biomarker that is often elevated in patients with liver
disease, including HCC. However, like ALT and AST, ALP lacks the
specificity required for accurate HCC diagnosis. Elevated ALP
levels can be seen in patients with bone disease and other
malignancies, reducing its utility as a standalone biomarker for
HCC.

Biomarkers strongly associated with HCC prognosis
hepatocellular carcinoma (HCC), several biomarkers are strongly
associated with prognosis and can help predict outcomes. One such
biomarker is alpha-fetoprotein (AFP), a glycoprotein that is often
elevated in HCC patients. High levels of AFP have been linked to
poor prognosis and shorter overall survival (OS) rates in HCC
Another (GPC3), is an

overexpressed cell surface protein in HCC. Studies have shown that

patients. biomarker, glypican-3
high GPC3 expression is associated with aggressive tumor behavior
and poor prognosis in HCC patients (Gong et al, 2019).
Additionally,
known as protein induced by vitamin K absence or antagonist-II

(PIVKA-II), is another biomarker that has been associated with

des-gamma-carboxy prothrombin (DCP), also

HCC prognosis. Elevated DCP levels have been linked to larger
tumor size, vascular invasion, and poor prognosis in HCC patients.
Furthermore, the neutrophil-to-lymphocyte ratio (NLR), an
inflammatory biomarker, has been studied for its prognostic value
in HCC. High NLR has been associated with poor prognosis and
shorter survival in HCC patients.

Lastly, the Cancer Antigen 19-9 (CA19-9) has also been investigated
as a prognostic biomarker in HCC. Elevated CA19-9 levels have
been associated with advanced tumor stages, vascular invasion, and
poor prognosis in HCC patients (Facciorusso et al., 2016). These
biomarkers play a crucial role in predicting outcomes and prognosis
in HCC patients. They can help clinicians make informed decisions
regarding treatment strategies and patient management. However,
further research is needed to validate their effectiveness and
establish standardized cutoff values for clinical use.

Biomarkers indicating treatment response in various HCC
therapies Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related deaths worldwide, and effective treatment strategies
are crucial for improving patient outcomes. Biomarkers play a
significant role in monitoring treatment response and predicting
prognosis in HCC patients undergoing various therapies. This
section discusses key biomarkers used to assess treatment response
in different HCC treatment modalities and evaluates their
effectiveness in monitoring treatment efficacy.

1. Alpha-Fetoprotein (AFP): AFP is a widely used HCC diagnosis
and prognosis biomarker. In the context of treatment response,
AFP levels are monitored to assess the efficacy of therapies such as

transarterial chemoembolization (TACE) and systemic therapies

like sorafenib. Several studies have shown that a decrease in AFP
levels after treatment is associated with improved outcomes and
treatment response (Singal et al., 2015).

2. Des-gamma-carboxy prothrombin (DCP): DCP is another
biomarker used in HCC management, particularly for monitoring
treatment response. Studies have demonstrated that DCP levels
correlate with tumor burden and are useful in assessing treatment
response and predicting prognosis in HCC patients (Yamamoto et
al,, 2010).

3. MicroRNAs (miRNAs): miRNAs are small non-coding RNAs
that play a role in regulating gene expression. Several studies have
identified specific miRNAs as potential biomarkers for predicting
treatment response and prognosis in HCC. For example, miR-21
has been associated with sorafenib resistance and poor prognosis in
HCC patients (Fornari et al., 2008).

4. Circulating tumor cells (CTCs): CTCs are cancer cells that have
detached from the primary tumor and circulate in the bloodstream.
Detection and enumeration of CTCs have been explored as
biomarkers for monitoring treatment response in HCC. Studies
have shown that changes in CTC levels correlate with treatment
response and prognosis in HCC patients (Sun et al., 2018).

5. Serum cytokines: Cytokines are signaling molecules that regulate
immune responses and inflammation. Elevated levels of certain
cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-a), have been associated with HCC progression and
poor prognosis. Monitoring changes in serum cytokine levels can
provide insights into treatment response and prognosis in HCC
patients (Kusumanto et al., 2003).

Summary of Effective Biomarkers

In this systematic review, several biomarkers have shown promise
for diagnosing hepatocellular carcinoma (HCC), predicting
prognosis, and assessing treatment response. Alpha-fetoprotein
(AFP) remains a widely used biomarker for HCC diagnosis,
although its sensitivity and specificity are suboptimal. Other
biomarkers, such as CA19-9, CEA, ALT, AST, and ALP, have also
been investigated for their diagnostic utility. When used alone or in
combination, these biomarkers have demonstrated varying degrees
of effectiveness in detecting HCC and differentiating it from other
liver diseases.

Implications for Clinical Practice

The findings of this review have several implications for clinical
practice. First, the use of AFP as a standalone biomarker for HCC
diagnosis may not be sufficient, given its limitations. Clinicians
should consider incorporating other biomarkers into diagnostic
algorithms to improve sensitivity and specificity. Second, certain
biomarkers, such as ALT and AST, may have value in predicting
prognosis and monitoring disease progression. Integrating these

biomarkers into routine clinical practice could help identify
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patients at higher risk of poor outcomes and guide treatment
decisions.

Limitations of Current Biomarkers and Areas for Improvement
Despite their potential, current biomarkers for HCC have several
limitations. AFP, for example, lacks sensitivity, especially in early-
stage disease, and can be elevated in other liver conditions.
Similarly, while ALT and AST are indicators of liver damage, they
are not specific to HCC and can be influenced by other factors.
Future research should focus on identifying novel biomarkers or
biomarker panels that can overcome these limitations and improve
diagnostic accuracy, prognostication, and treatment monitoring in
HCC.

Clinical Implications

The findings of this review have significant clinical implications.
Incorporating a panel of biomarkers into routine HCC screening
and monitoring protocols could improve early detection rates and
facilitate timely intervention. Additionally, biomarkers with
prognostic value could help tailor treatment strategies to individual
patients, leading to improved outcomes and better resource
allocation in healthcare settings.

Future Directions

Future research should focus on validating the diagnostic and
prognostic utility of promising biomarkers identified in this review.
Large-scale prospective studies are needed to assess these
biomarkers' clinical validity and utility in diverse patient
populations. Furthermore, studies evaluating the cost-effectiveness
of biomarker panels compared to current diagnostic approaches

would be beneficial for guiding clinical practice.

Conclusion

This systematic review underscores the vital role of biomarkers in
managing hepatocellular carcinoma (HCC). The analysis of 41
studies reveals that while alpha-fetoprotein (AFP) remains the most
studied and widely used biomarker, its effectiveness is limited by
suboptimal sensitivity and specificity. Other biomarkers, including
CA19-9, CEA, ALT, AST, and ALP, show varying degrees of utility,
but none provide a definitive solution for early diagnosis or
comprehensive prognostic assessment. Despite these limitations,
biomarkers play a crucial role in predicting treatment responses
and guiding therapeutic decisions. The review highlights the need
for further research to validate and standardize novel biomarkers,
integrate them into clinical practice, and explore biomarker panels
for enhanced diagnostic and prognostic capabilities. Future studies
should aim to improve the accuracy and effectiveness of biomarkers
in HCC management, ultimately leading to better patient outcomes

and personalized treatment strategies.
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