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	 Liver cancer, particularly hepatocellular carcinoma (HCC), has a poor prognosis and 
a high fatality rate, making it a serious global health issue that is primarily caused by late-
stage finding. Despite the widespread use of alpha-fetoprotein (AFP) and other conventional 
biomarkers, their low specificity and sensitivity, especially in the initial stages of disease, 
highlight the urgent need for improved diagnostic methods. In recent years, the development of 
novel protein (e.g., glypican-3, des-gamma-carboxy prothrombin) and genetic (e.g., microRNAs, 
circulating tumor DNA, long non-coding RNAs) biomarkers has significantly enhanced the 
prospects for HCC surveillance and early detection. Because of their great sensitivity, quick 
reaction time, and potential for point-of-care use, electrochemical biosensors have demonstrated 
remarkable promise among developing technologies. Significant advances in detection limits, 
frequently approaching femtogram levels and dynamic ranges, have been made possible by 
developments in nanomaterials, surface modification methods, and biorecognition components 
like aptamers and molecularly imprinted polymers. These innovations have enabled multiplexed 
and label-free sensing approaches that integrate with microfluidic platforms for more efficient, 
cost-effective diagnostics. Despite considerable progress, challenges such as reproducibility in 
complex biological matrices, standardization, and clinical validation remain. Future directions 
include the incorporation of artificial intelligence for signal processing, development of intelligent 
materials, and scalable fabrication methods for clinical translation. Overall, electrochemical 
biosensing represents a transformative approach in liver cancer diagnostics, providing fresh 
approaches to better patient outcomes, individualized care, and early identification.

Keywords: Alpha-fetoprotein (AFP); Electrochemical biosensors; Hepatocellular carcinoma (HCC); 
Liver cancer biomarkers; Nanomaterials.
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	 About 90% of liver cancer cases are 
hepatocellular carcinoma, making it among the 
most prevalent and deadly cancers in the world .1,2 
Chronic viral hepatitis infections, alcohol abuse, 
and the growing prevalence of non-alcoholic 
fatty liver disease are among the factors leading 
to the global rise in liver cancer.3,4 Due mostly to 
the disease’s late discovery, when there are few 
curative alternatives, the prognosis for cancer of 
the liver is still poor despite major advancements 
in therapeutic techniques.5 This case emphasizes 
the need for screening techniques; the fact may 
identify carcinoma of the liver when it becomes 
more treatable. In the endeavor to enhance liver 
disease examinations, biometrics are emerging 
as essential tools for prompt identification, future 
outcomes, and monitoring of reaction to therapy.6 
Objective, visible indicators of biological states 
or activities are known as biomarkers.7,8 Antibody 
particles, genetic substances, or metabolites 
produced by cells of tumors or our bodies in 
reaction to illness can all be diagnostic for liver 
tumors.9,10 Numerous exciting potentials have 
emerged in recent years as a result of extensive 
study into the validation and identification  of 
sensitive and specific indications for tumors of the 
liver. The identification of relevant biomarkers for 
liver cancer might transform the field’s approach 
to diagnosis and treatment. Because they enable 
early diagnosis and monitoring, biomarkers have 
the potential to enhance patient outcomes and lower 
death rates. To enhance our understanding and 
management of this devastating condition, further 
research is needed to identify potential biomarkers 
and use them in clinical settings.
	 For a long time, the most widely used 
biomarker for hepatocellular carcinoma has been 
alpha-fetoprotein (AFP). However, the search for 
new biomarkers that might increase diagnostic 
accuracy has been fuelled by its low sensitivity and 
specificity, especially for early-stage malignancies. 
Earlier investigations have identified additional 
amino acid indicators, including glypican-3 
(GPC-3), des-gamma-carboxy prothrombin 
(DCP).11-13 Furthermore, circulating tumor DNA 
and microRNAs are examples of genetic markers 
that may increase the accuracy of diagnosis.14 There 
are new opportunities to develop more effective 
detection methods in the rapidly evolving field of 
liver cancer biomarkers.15,16 Amongst the many 

analytical techniques available for biomarker 
identification, electrical approaches have garnered 
plenty of interest due to their unique benefits.17,18 
Strong sensibility, quick response instances, and 
the capacity to be compacted and incorporated into 
lightweight devices are some advantages of bio 
sensor electrodes. Because of these characteristics, 
they are especially well-suited for point-of-care 
diagnostics, which is crucial in environments 
with little money and restricted utilization of 
contemporary laboratory technology.19,20 The 
development of the electrolytic biosensors for 
liver cancer biomarkers holds potential for 
improving patient outcomes by revolutionizing 
early identification and surveillance.21,22

	 In contexts with limited resources, the 
inclusion of electrochemical biosensors into 
clinical practice may provide a reliable, effective, 
and cost-efficient method for detecting liver cancer. 
Researchers and medical professionals may attempt 
to develop more effective liver cancer detection 
tools by using the capabilities of electrochemical 
biosensors.23,24 A schematic overview of the 
basic components and working principle of an 
electrochemical biosensor is presented in Figure 
1, illustrating the key elements involved in signal 
generation and transduction.
	 The observation of electricity generated 
by redox processes or modifications in electrical 
characteristics at the electrode-solution contact 
is the foundation of electrostatic detection 
techniques.25 Accurate quantitative analysis is 
made possible by the direct correlation between 
these signals and the concentration of certain 
biomarkers.26,27 Many indicators, ranging from 
tiny particles to big enzymes and even genes, 
can be found thanks to the adaptability of 
electrochemical approaches.28 The last few years 
have seen a major advancement in the development 
of electrochemical biosensors for liver cancer 
metrics, which hold promises for early detection 
and surveillance.29,30 The detection sensitivity 
and specificity of electrochemical biosensors 
have significantly increased due to developments 
in the composition of electrodes, surface-
modifying strategies, and amplifier technologies.31 
Nanomaterials have greatly enhanced the efficacy 
of these biosensors by providing bigger surface 
areas for the immobilization of biorecognition 
components and permitting faster electron 
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transfer kinetics.32 Additionally, multiplexing 
signature testing and treatment of samples on 
only one system have been made possible by 
the combination of electrochemical detection 
with microfluidic methods, opening the door 
for deeper and efficient detecting biomarker.33,34 
This technology integration has the potential to 
significantly improve liver cancer diagnoses and 
advance electrochemical biosensing. 
	 Even with great advancements, turning 
galvanic sensing concepts in the research 
setting into useful commercial tests is still 
quite difficult.35,36 Performance, stability, and 
repeatability in intricate biological matrices are 
crucial factors to take into account. Significant 
clinical research is needed to show how beneficial 
these devices are in actual situations.37,38 The 
latest developments in electrochemical detection 
techniques for tumor-related physiological 
indicators are thoroughly described in this article. 
We go over the state of biomarkers today, the 
fundamentals of electrochemical biosensing, and 
the latest developments in signal amplification 
and sensor design. The investigation also looks 
at scientific outcomes, application in healthcare 
advancements, and the difficulties in using these 
developments at the site.
	 This work provides a unique contribution 
by comprehensively evaluating electrochemical 
sensing modalities, such as label-free technologies 
and microfluidic integration, with a focus on 
clinical translation potential. By integrating 
studies on established protein biomarkers (AFP, 
DCP,) and new metrics of genetics (lncRNAs), 
it provides a comprehensive viewpoint on 
liver cancer diagnosis. Along with discussing 
practical answers and difficulties in converting 
these technologies, the report also discusses 
matrix effects, standardization, and production 
scalability.39

Materials and Methods

	 The present review analyses in a thorough 
manner peer-reviewed literature that focuses on 
applying electrochemical biosensors to detect 
and diagnose hepatocellular carcinoma (HCC). 
Relevant studies were retrieved from scientific 
databases which include PubMed, Scopus, Web of 
Science, and Google Scholar because keywords like 

“HCC biomarkers,” “electrochemical biosensors,” 
“alpha-fetoprotein,” “Glypican-3,” “nanomaterials 
in biosensing,” “miRNA detection,” and “point-
of-care diagnostics” were used for this purpose. 
We considered English articles released from 
2015 to 2025 using inclusion criteria for original 
research using electrochemical sensor technologies 
measuring liver cancer biomarkers such as AFP, 
DCP, GPC-3, miRNAs, circulating tumor DNA 
(ctDNA), and long non-coding RNAs (lncRNAs). 
Studies that were unrelated to biosensing or to liver 
cancer as well as non-electrochemical methods 
were excluded. Also excluded from that list were 
all of those lacking in experimental validation. The 
selected literature was critically reviewed along 
with being synthesized into thematic categories 
that included biomarker discovery, sensor design 
using nanomaterials, biorecognition strategies, 
signal amplification mechanisms, and clinical 
implementation. This systematic, structured, 
updated overview allowed recent advancements, 
current challenges, as well as translational 
prospects of electrochemical biosensors in liver 
cancer diagnostics.
Biomarkers for liver cancer
	 The necessity for prompt detection 
and superior results for patients has made the 
discovery of useful liver disease genes a top 
scientific goal in the last decade. Molecular 
markers known as biomarkers can be used to 
detect biological processes, pathogenic diseases, 
or treatment results. Diagnostic criteria are crucial 
for the tumors detection, evaluation, prediction, 
and treatment effectiveness tracking, particularly 
for hepatic cell carcinoma (HCC). Because of their 
proven methods for identification and relative 
abundance in physiological hydration, amino acid 
biomarkers continue to play a significant role in 
establishing the presence of disease of the liver. 
Alpha-fetoprotein (AFP), a glycoprotein produced 
throughout embryonic growth, has been utilized as 
the preferred method for detecting HCC (see Fig. 
2). Even while high blood AFP levels are linked to 
HCC, their usefulness is constrained by their poor 
sensitivity and specificity, especially in the early 
stages of the illness.40 AFP is nevertheless often 
utilized in clinical practice despite these drawbacks, 
usually in conjunction with imaging modalities for 
the monitoring of HCC in high-risk individuals. 
To get around AFP’s drawbacks, researchers have 
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created a number of other biological indicators 
of proteins with encouraging clinical value. A 
fucosylated form of AFP labelled AFP-L3 has 
shown more specificity for HCC than complete 
AFP.41 HCC can be distinguished from benign liver 
illnesses using the percentage ratio of AFP-L3 to 
total AFP. Des-gamma-carboxy the prothrombin 
(DCP), sometimes referred to as protein induced 
by vitamin K absence or antagonist-II (PIVKA-
II), is another extensively researched protein 
biomarker for HCC.42 DCP, an aberrant form of 
this protein generated by malignant hepatocytes, 
has demonstrated more thoroughly analytical utility 
whether paired with AFP.
	 Higher diagnosis accuracy and a better 
knowledge of liver cancer may arise from the use 
of many biomarkers, including AFP, AFP-L3, and 
DCP. More research is needed to demonstrate 
the therapeutic use of these biomarkers and to 
examine how they may affect treatment decisions 
and improve patient outcomes. 
	 Glypican-3 is a hepatocellular carcinoma 
(HCC) biomarker that is incredibly selective. While 
it is rarely observed in normal liver or benign 
liver lesions, this cell-surface heparan sulfate 
proteoglycan is significantly overexpressed in HCC 
tissues.43 GPC-3, which promotes tumor growth 
and metastasis, offers potential as both a therapeutic 

target and a diagnostic marker (structure shown in 
Fig. 3). Because GPC-3 is overexpressed in HCC 
tissues, it is a promising target for developing 
novel diagnostic and therapeutic techniques. The 
use of other protein biomarkers, such as GPC-3, in 
detecting and understanding liver cancer is being 
investigated. These include midkine, osteopontin, 
and Golgi protein 73, each of which offers a unique 
viewpoint on the molecular pathways that drive 
hepatocarcinogenesis.44 These biomarkers might 
provide valuable insights into the underlying 
mechanisms that influence the development of 
liver cancer, perhaps resulting in the creation of 
better therapeutic and diagnostic alternatives.45 
For people with liver cancer, the development 
and validation of biomarkers like GPC-3, among 
others, may improve therapeutic outcomes and 
diagnostic accuracy. To completely comprehend 
the therapeutic importance of these biomarkers and 
create efficient diagnostic and treatment strategies 
that specifically target these molecules, more study 
is required.
	 Looking for innovative genetic indicators 
for tumors in the liver has been made much easier 
by the development of high-throughput genomic 
and proteomic tools.46 Because of their outstanding 
durability in circulatory and crucial function 
in regulating the activity of genes, scholars are 

Fig. 1. Schematic representation of a basic electrochemical biosensor showing the interaction between the 
analyte and the biorecognition element immobilized on the electrode surface, followed by signal transduction and 

electrochemical output measurement.
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Fig. 2. Protein Structure of AFP106

Fig. 3. Protein Structure of GPC-3106

becoming interested in microRNAs (miRNAs) 
as possible sensors. c. Certain miRNAs, such as 
miR-223 , and miR-122,47,48 were found to be 
irregular in hepatic carcinoma (HCC), and the 
degrees of their expression have been linked to 
the disease’s morbidity and advancement. The 
most well-studied miRNAs that alter a range of 
cell phenotypes and cause HCC are shown in 
Figure 4. MiRNA biomarkers have the benefit 
of offering a more thorough understanding of 
the underlying molecular changes in cancer 
cells. Examining the expression levels of certain 
miRNAs can help researchers learn a lot about 
the complicated molecular pathways that drive 
the start and progression of liver cancer.49 This 
information can help to develop more effective 

HCC therapy and diagnostic approaches. The use of 
miRNAs as biomarkers offers immense promise for 
improving our understanding and treatment of liver 
cancer. More research is needed to demonstrate 
the therapeutic use of these biomarkers and to 
examine how they may affect treatment decisions 
and improve patient outcomes.
	 Circulating tumor DNA (ctDNA) is a 
promising class of genetic markers with great 
potential for non-invasive cancer monitoring 
and detection because DNA fragments released 
into the bloodstream by dying cancer cells carry 
tumor-specific genetic and epigenetic alterations.50 
Clinicians can use real-time data from ctDNA 
analysis to monitor the progression of the illness 
and change treatment approaches.51 chromosomal 
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Fig. 4. Examples of miRNAs can promote HCC through the modulation of multiple cell phenotypes106

Fig. 5. Amperometric immunosensor enhanced by PAMAM-dendrimers linked via SAMs for AFP detection106
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Fig. 6. Fabrication process of the AFP immunosensor based on macroporous PANI106

Fig. 7. Scheme of LAPS biosensors modified with rGO/PEI/AuNPs and aptamer for GPC-3 determination106

isolated malignancies of the liver is being found 
to carry alterations in proteins like   CTNNB1, 
and the TERT promoter, which may result in 
non-invasive molecular tumor screening and 
individualized treatment choices. It has also been 

shown that long non-coding RNAs (lncRNAs) may 
serve as indicators of liver cancer. With a length 
of around 200 nucleic acids, these transcriptions 
of RNA are crucial for regulating genes and cell 
function, and they impact different facets of cancer 
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Fig. 8. Scheme of AFP detection using G-FET and modification process106

Fig. 9. Scheme of GP73 competitive electrochemical aptasensor based on rGO-Fc-PANi nanocomposites106

development.52 Hepatocellular carcinoma (HCC) 
has been discovered to have abnormal expression 
of several lncRNAs, including HULC, MALAT1, 
and HOTAIR, and their levels are linked to tumor 
formation and patient outcomes.53 LncRNAs are 
promising biomarker candidates because of their 
tissue and cancer-type specificity, which might lead 
to more precise diagnosis and prognosis. The use of 

ctDNA and lncRNAs as biomarkers in liver cancer 
therapy has the potential to totally transform the 
field, allowing for earlier detection, more accurate 
treatment, and improved patient outcomes. More 
research is needed to prove the clinical efficacy 
of these biomarkers, as well as their potential for 
guiding therapy decisions and developing novel 
therapeutic methods.
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Fig. 10. Flowchart depicting the diagnostic process 
using electrochemical biosensors for HCC detection, 

including sample collection, biosensor-based 
biomarker recognition, signal analysis, and clinical 
interpretation leading to treatment decision-making.

Techniques for electrochemical biosensing
	 Electrochemical biosensing is now a 
viable analytical method for locating liver cancer 
biomarkers due to its high sensitivity, fast reaction 
times, and shrinking potential. Seeing electricity 
produced by reactive processes or modifications in 
electron density at the surface where the electrode 
and solution interact is the fundamental concept of 
electrolytic detecting. The quantity and availability 
of specific antigens may be directly correlated 
with these commands, providing the numerical 
information required for tracking and diagnostics. 
The interaction between the analyte of interest 
and the electrode surface is a crucial element of 
electrophysiological testing.54 This connection is 
often achieved in the field of liver cancer indicators 
by biorecognition components such as aptamers 
or antibodies that are bound on the electrode. As 
the intended analyte binds onto these recognizing 

places, the body’s electric characteristics alter. 
These alterations could show up as variations in 
flow, possible, the resistance, depending on the 
measuring method used.
	 Numerous approaches,  including 
electrochemical impedance spectroscopy, 
voltammetry, and amperometry, can be employed 
to precisely quantify changes in electrochemical 
properties. Researchers can properly identify and 
track liver cancer by analyzing these changes to 
determine the presence and amount of certain 
biomarkers. Electrochemical biosensing’s high 
sensitivity and specificity make it a promising 
technique for developing novel liver cancer 
diagnostic tools.55

	 The electrode material used to make 
electrochemical biosensors has a significant 
impact on their performance. Because of their 
superior conductivity and electrochemical stability, 
traditional materials like carbon, gold, and 
platinum are frequently utilized. Gold electrodes 
are extensively employed because to their ease 
of surface modification and biocompatibility.56 
One benefit of carbon-based electrodes is their 
affordability and versatility.57-59 The design of 
electrodes for biomarker detection has been 
completely transformed by recent developments 
in nanomaterials. The kinds of nanotechnology 
conductors that provide better transmission of 
electrons dynamics and greater dimension for 
blocking biorecognition pieces include graphene ,60 
carbon nanotubes (CNT)61, and gold nanoparticles 
(AuNPs).62 A medical device with low thresholds 
for detection and an extensive linear range for 
DCP the identification was developed by Fu et 
al.63 employing AuNPs-functionalized nanotubes 
with multiple walls and core-shell Pd@PtCu 
nanostructures.
	 By boosting sensitivity and surpassing 
detection limitations, these nanoparticles make it 
possible to create innovative signal amplification 
techniques. By taking use of nanomaterials’ 
unique properties, researchers can create more 
powerful electrochemical biosensors for biomarker 
detection.
	 Surface modification strategies are critical 
for regulating electrode surface functionalization 
and optimizing biosensor performance. Self-
assembled monolayers  (SAMs) provide 
fine-grained control over the orientation and 
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organization of recognition components, especially 
SAMs based on thiols on gold surfaces.64 While 
maintaining biological activity, mixed SAMs can 
alter the accessibility of biomolecules. In this 
setting, Giannetto et al.65 used a nanostructured 
matter metal platform customized with PAMAM 
dendrimers that were connected by SAMs to 
create an amperometry immunosensor for AFP 
measurement (Fig. 5). This method improved 
responsiveness and increased the conventional 
sensing area. Some instances of polymer paints 
that can improve resilience and offer the ideal 
circumstances for biological molecules entrapment 
are conductive chemicals like polypyrrole (PPy) 
and polyaniline (PANI).
	 Dendrimer designs are utilized in 
sophisticated ways to enhance biomolecule 
adhesion.66 Nanocomposite materials have also 
been shown to have the ability to provide synergistic 
effects that improve biosensor performance.67,68 
For instance, Liu et al. used multidimensional 
macroporous the PANI (Fig. 6) as the base material 
to create a galvanic immunosensor to AFP detection 
with a modest limit of detection and a wide straight 
distance.
	 Choosing the right biorecognition 
ingredients is essential for biosensors with 
electrodes to achieve excellent accuracy as well as 
sensitivity. Determinants are utilized extensively 
due to their excellent specificity and affinity for 
antigens being targeted.69,70 But making them 
might be expensive and time-consuming. Aptamer 
synthetic oligonucleotides have shown tremendous 
promise as antibody substitutes due to their stability, 
ease of production, and regeneration potential.71,72 
Another kind of synthetic recognition component 
that is gaining popularity in electrochemical 
biosensors because to its low cost and great 
durability is molecularly imprinted polymers 
(MIPs).73,74 A MIP electrochemical sensor that 
uses graphene-gold composite and polysulfide 
cordial to improve signal detection was created by 
Liu and Liu75 in order to detect AFP. The sensor’s 
broad linear range and low detection limit revealed 
high AFP selectivity and excellent separation from 
interfering compounds. MIPs and aptamers serve as 
adaptable recognition components for liver cancer 
indicators, delivering quicker binding kinetics and 
increased surface coverage.
	 Some nanomaterials are selected for 

biosensor development because of their special 
qualities and capacity to solve analytical problems. 
For instance, Fu et al. used core-shell Pd@PtCu 
nano layered on WS2 miniature sheets for DCP 
discovering utilizing the PtCu shell’s catalytic 
capacity as well as the lead core’s resistivity. The 
WS2 nanosheets reduced nanoparticle aggregation 
while providing a large surface area.  In electrode 
modification, AuNPs and MWCNTs collaborate 
to enhance their complementary benefits. While 
AuNPs offer anchoring sites for immobilizing 
biomolecules and improving electron transport, 
MWCNTs form a conductive network, increasing 
the effective surface area. A modest DCP threshold 
of 71.6 fg/mL was obtained with this mix. 
Multifaceted macroporous PANI was chosen by 
Liu et al. because of its elevated conductance, 
oxidative activity, and numerous beneficial groups 
for monoclonal interaction. The macroporous 
creation enhanced susceptibility by optimizing its 
circumference while preserving efficient weight 
transportation, resulting in a detection limit of 
3.7 fg/mL for AFP. By merging advanced battery 
materials, sensing techniques, and biorecognition 
elements, very sensitive and accurate biological 
sensors for tumor-related symptoms are currently 
developed. Future studies will concentrate 
on multi-modal sensing devices that combine 
electrochemical detection with other sensing 
methods to detect a broad variety of biomarkers.
Current advancements in liver cancer markers 
using electrochemical biosensors
	 Thanks to developments in material 
research, nanotechnologies, and biology, the study 
of bio sensor electrodes for cancer-related antigens 
has advanced significantly. One potential method 
for enhancing the identification of biomarker while 
preserving substantial specificity and sensitivity is 
the use of label-free galvanic immunity sensors.76 
These sensors detect electrical changes on the 
electrode surface caused by antigen-antibody 
binding events.77 In one instance, a label-free 
biological sensor for GPC-3 monitoring was 
developed by modifying a light-addressable 
potentiometric sensor (LAPS) with rGO/PEI/
AuNPs and a GPC-3 aptamer (Fig. 7).
	 The sensor’s limits for detection is 40.0 
ng/mL, while it features a broad reading variety, 
strong preference, with no adverse effects.78 A 
alternative technique used immunosensors based 
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on field-effect transistors (FETs), which regulated 
conductivity by exploiting differences in surface 
charge distribution after antigen adsorption. A 
graphene FET (G-FET) biosensor was developed 
by Kim et al.79 to identify AFP in HCC patients’ 
plasma. Anti-AFP antibodies were rendered 
immobile by functionalizing the graphene surface 
with PBASE (Fig. 8). When assessing AFP in 
individual blood specimens at levels as minimal 
as 0.1 ng/mL, the G-FET showed outstanding 
specificity and discrimination. The G-FET is firmly 
bound via both AFP & anti-AFP (dissociation 
constant = 4.64 × 10^-11 M).
	 Electrochemical aptasensors have become 
more popular for identifying markers of liver cancer 
since aptamers function better than conventional 
antibodies. Aptamers’ security, adaptability, and 
capacity for regrowth make them appropriate for 
long-lasting and recyclable bio sensors. Li et al.80 
created an advantageous electrostatic aptasensor 
for Granular amino acids 73 (GP73) identification 
using rGO-ferrocene-polyaniline nanocomposites. 
The sensor created a single-stranded configuration 
on the exterior of the electrode by using a GP73 
aptamer beads to connect with an additional DNA 
segment.
	 Ferrocene’s oxidation current increased 
due to a competitive binding process that took 
place when GP73 was present (Fig. 9). The 
aptasensor demonstrated outstanding resilience 
and applicability with a narrow threshold 
for identification of 0.15 pg/mL and a broad 
proportional measurement bandwidth. The relative 
errors for the aptasensor and ELISA findings on 
human blood samples varied from 0.11% to 6.89%. 
The aptasensor’s performance is impressive, and 
Table 1 presents the most recent research on 
techniques based on electrochemistry to find liver 
cancer biomarkers.
Clinical applications and challenges
	 An essential beginning in enhancing 
healthcare for patients is the transition of biosensors 
using electrodes for liver tumor indicators through 
scientific designs to usage in clinical settings. Much 
effort has been put into developing very sensitive 
and specific detection systems, but many problems 
remain before they can be used successfully in 
clinical settings. The overall diagnostic workflow 
using electrochemical biosensors for hepatocellular 
carcinoma (HCC) detection is illustrated in Figure 

10, highlighting the stepwise process from sample 
collection to clinical interpretation.
	 Sensitivity and detection threshold are 
two analytical performance metrics that have a 
significant impact on the therapeutic usefulness of 
electrochemical biosensors. Achieving clinically 
significant detection limits is crucial, particularly 
for the early diagnosis of disease. As contrasted 
to conventional antibody tests, novel electrostatic 
biosensors for antigens such as AFP and DCP 
have demonstrated remarkable sensitivity in the 
picogram to femtogram per millimeter level.89 It is 
important to remember, too, that clinical samples 
might not be able to reach the incredibly low 
detection limits attained in a laboratory setting. 
The dynamic range of electrochemical biosensors 
is crucial since the concentrations of liver cancer 
biomarkers change greatly based on the patient’s 
features and the disease’s stage. Despite additional 
measurements or diluting the sample, sensor 
technology have to be capable to precisely assess 
the amount of biomarker spans different orders 
of range. Several recent innovations have created 
impressive straight static levels ranging from from 
four to five powers of severity, and the size levels 
of numerous liver cancer indicators are clinically 
significant.94 By resolving these issues and 
enhancing analytical performance, electrochemical 
biosensors may improve the diagnosis of liver 
cancer and patient treatment.
	 Specimen matrix consequences are 
a major obstacle when translating bio sensor 
technologies from research laboratories to hospital 
evaluation of samples. Sensing efficiency can be 
significantly affected by the complex makeup that 
constitutes living liquid like plasma, blood, or 
urination. Target biomarker signals can be obscured 
and electrochemical characteristics changed by 
the non-specific adsorption of proteins, lipids, and 
other macromolecules on sensor surfaces. Sample 
viscosity, pH, and ionic strength fluctuations 
can affect electron transfer and biorecognition 
processes. Scientists looked at the collection 
of samples and compound outcome reduction 
strategies for tackling these issues. Inhibition 
chemicals like BSA or polyethylene glycol (PEG) 
can be used to reduce unspecific adsorption on 
sensitive devices.100,101 Magnetic substances 
covered with specific aptamers or nanoparticles 
can be used to pre-concentrate and accurately 
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collect specified molecules.102,103 This approach 
minimizes sample volume while separating the 
target biomarker from distracting molecules, 
potentially improving detection sensitivity. The 
creation of biosensors with electrochemical 
activity for malignancy diagnostics is being 
driven by point-of-care (POC) experiments, 
which enables quick, on-site testing in medical 
offices, enabling quicker evaluation and curative 
selection.104 Electrochemical biosensors are now 
closer to realizing this promise because to recent 
developments in downsizing, sample preparation 
step integration, and user-friendly interfaces.105 
Researchers can improve the feasibility and 
accessibility of biosensors that use the field of 
electrochemistry for the detection of liver cancer 
by addressing sample matrix effects and developing 
proof-of-concept devices.
	 The next steps in electrical methods for 
searching for malignancy signals appear to have 
numerous interesting directions. The creation of 
integrated multiplexed detection techniques that 
can simultaneously analyze several biomarkers 
with various molecular properties is one crucial 
area. This would yield more thorough diagnostic 
data in addition to requiring creative electrode 
array designs and signal processing techniques. 
The advancement of machine learning and 
artificial intelligence provides new opportunities 
for increasing the performance of electrochemical 
biosensors. These computer approaches may allow 
for more precise pattern discovery in complicated 
biological data, as well as improved signal 
processing and noise reduction. Furthermore, 
machine learning algorithms may be able to 
detect minute connections between different 
biomarker data, resulting in a more accurate early 
diagnosis. Innovations in material science will 
continue to be important, especially in the areas 
of hybrid composites and new nanomaterials. The 
development of intelligent materials that can react 
to various stimuli or change their characteristics 
depending on the surroundings should be the main 
goal of future research. Combining electrochemical 
detection systems with microfluidic technology is 
another exciting avenue. This makes it possible 
for whole sample-to-answer methods to process 
medicinal data with little assistance from users. 
This legalization may enable true point-of-

care applications, such as target biomarker 
concentration, separation, and sample processing 
on-chip.

Conclusion

	 The results of the study show that either 
electrochemical detection methods for liver 
tumor indicators have advanced significantly 
and could revolutionize early detection and 
surveillance. Highly potent and selective the 
devices for important biomarkers including DCP, 
AFP, and GPC-3 have been developed thanks to 
the use of nanotechnology, surface enhancement 
procedures, and amplifiers of signal processes. 
Detector effectiveness has improved due to the 
introduction of tiny particles, enabling limitations 
on detection in the region of femtograms per 
milliliter. Aptamer-based sensors and label-free 
techniques offer greater stability and regeneration 
potential. Quick real-time evaluation in healthcare 
environments may be made possible by the 
advancement of point-of-care techniques stability 
of complex biological matrices, reproducibility and 
comprehensive confirmation tests are some of the 
challenges that must be overcome before laboratory 
prototypes may be used as diagnostic tools in 
clinical settings. Resolving these problems and 
developing multiplexed detection systems that 
can assess numerous biomarkers at once should be 
the main goals of future research. By facilitating 
early detection and customized treatment regimens, 
electrochemical biosensors have the potential to 
greatly enhance carcinoma of the liver prognosis 
and outcome for patients as the field advances.
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