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Abstract

Background: Hepatocellular carcinoma (HCC) is a leading cause of cancer-related deaths, often linked to chronic liver dis-
ease or cirrhosis. Early detection is vital for improving outcomes, yet diagnosing HCC, particularly in its early stages, re-
mains difficult. The Liver Imaging Reporting and Data System (LI-RADS) classifies liver lesions based on imaging, with LI-

RADS 3 (LR-3) indicating intermediate probability and LI-RADS 4 (LR-4) indicating probable HCC. Combining serum bio-

markers and liquid biopsy markers with imaging may enhance diagnostic accuracy.

Objective: This study evaluates the combined use of serum biomarkers, liquid biopsy (circulating tumor cells [CTCs] and
circulating tumor DNA [ctDNA]), and imaging for assessing LI-RADS 3 and 4 lesions, with a focus on detecting early-stage
HCC.

Methods: A cohort of 70 patients with LI-RADS 3 (n=42) and LI-RADS 4 (n=28) lesions confirmed via MRI or contrast-en-
hanced CT was analyzed. Serum biomarkers such as alpha-fetoprotein (AFP), AFP-L3, gamma-glutamyl transferase (GGT),

©2024 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.

JScholar Publishers JJ Oncol Clin Res 2024 | Vol 5: 201



sess malignancy risk.

insights when imaging was inconclusive.

routine clinical practice.

Tumor DNA; Early Detection; Liver Cancer

(&

hepatocyte growth factor (HGF), and interleukin-6 (IL-6) were measured. CTCs and ctDNA were assessed via immunocyto-

chemistry and next-generation sequencing. Biomarker and liquid biopsy data were correlated with imaging findings to as-

Results: LI-RADS 4 patients had higher elevations in AFP (211 ng/mL), AFP-L3 (48%), HGF (90%), and IL-6 (47%) com-
pared to LI-RADS 3 patients. AFP was elevated in 47.61% of LI-RADS 3 cases (119 ng/mL), with ctDNA detected in 16.6%.
CTCs were found in 17.85% of LI-RADS 4 patients, indicating a higher malignancy risk. Liquid biopsy provided additional

Conclusion: Combining serum biomarkers, liquid biopsy, and imaging enhances diagnostic accuracy in LI-RADS 3 and 4 le-

sions, particularly for early-stage HCC detection and monitoring. Further research is needed to validate these findings in

Keywords: LI-RADS; Hepatocellular Carcinoma; Serum Biomarkers; Liquid Biopsy; Circulating Tumor Cells; Circulating

Introduction

Liver cancer remains one of the most significant
public health challenges worldwide due to its high preva-
lence, poor prognosis, and limited treatment options in ad-
vanced stages. According to the World Health Organization
(WHO), liver cancer is the third leading cause of cancer-re-
lated deaths globally, with over 700,000 deaths annually.
Among the various types of liver cancer, hepatocellular car-
cinoma (HCC) is the most common histological subtype, ac-
counting for approximately 75-85% of primary liver cancer
cases. The incidence of HCC is rising due to increasing
rates of risk factors such as chronic hepatitis B and C virus
infections, non-alcoholic fatty liver disease (NAFLD), and
alcoholic liver disease. In light of these statistics, early detec-
tion and accurate characterization of liver lesions are criti-
cal for improving patient outcomes and reducing mortality
rates [2,3,5,6,7,11,15,33].

The Liver Imaging Reporting and Data System
(LI-RADS) was developed by the American College of Radi-
ology (ACR) as a standardized method for interpreting and
reporting liver imaging findings, particularly in patients at
high risk for HCC. LI-RADS categorizes liver lesions detect-
ed through imaging studies, such as magnetic resonance
imaging (MRI) or contrast-enhanced computed tomogra-
phy (CT), into several categories based on their likelihood
of being HCC. These categories range from LI-RADS 1
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(definitely benign) to LI-RADS 5 (definitely HCC). Among
these categories, LI-RADS 3 (LR-3) and LI-RADS 4 (LR-4)
are particularly important because they represent lesions
with an intermediate and high probability of being malig-
nant, respectively [1,3,12,27,29] (Table #1).

LI-RADS 3 lesions are defined as having an inter-
mediate probability of HCC, typically exhibiting imaging
features that are suspicious but not definitive for malignan-
cy. These lesions may show arterial phase hyperenhance-
ment (APHE) but lack washout appearance or capsular re-
traction, making them challenging to categorize with cer-
tainty. In contrast, LI-RADS 4 lesions are considered proba-
bly HCC, meaning they have a high likelihood of being ma-
lignant, but still lack one or more criteria to be classified as
definitive HCC (LI-RADS 5). LR-4 lesions often exhibit
more pronounced imaging characteristics, such as APHE,
nonperipheral washout in the venous or delayed phases,
and capsular retraction, but may still pose diagnostic uncer-
tainty. The indeterminate nature of LR-3 and LR-4 lesions
necessitates further investigation, either through close imag-
ing follow-up, biopsy, or the use of adjunct diagnostic tools
[1,2,13,18,25,31].

While imaging techniques are central to the detec-
tion and characterization of liver lesions, they are not al-
ways sufficient to provide a definitive diagnosis, especially

in the early stages of liver cancer. Small lesions may not ex-
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hibit all the classical imaging features of HCC, leading to di- has driven the search for non-invasive diagnostic methods

agnostic uncertainty. Moreover, biopsies, though consid- that can complement imaging and improve the accuracy of

ered the gold standard for diagnosis, are invasive and carry HCC diagnosis, particularly for indeterminate lesions like

risks such as bleeding, infection, and tumor seeding. This LR-3 and LR-4 [8,9,14,17].

Table 1: Causes of LI-RADS 3 and LI-RADS 4 Lesions

Cause

Description

Imaging Characteristics

Hepatocellular Carcinoma
(HCC)

A primary liver cancer often
arising in the context of
cirrhosis or chronic liver
disease.

Arterial phase hyperenhancement (APHE),
nonperipheral washout, and enhancing
capsule.

Regenerative Nodule

Benign nodules that form in
cirrhotic livers as part of liver's
regeneration attempt.

Iso- or hypointense on T1 and T2-
weighted MRI, no arterial phase
enhancement.

Dysplastic Nodule

Premalignant nodules in
cirrhotic livers that have a
higher risk of progressing to
HCC.

Mild arterial phase hyperenhancement,
typically without washout or enhancing
capsule.

Focal Nodular Hyperplasia
(FNH)

Benign liver lesion, often
asymptomatic and discovered
incidentally.

Strong arterial phase enhancement with
central scar, no washout, isointense in
portal venous phase.

Hepatic Adenoma

Benign liver tumor, more
common in women, often
associated with oral
contraceptive use.

Arterial phase hyperenhancement, no
washout or capsule, variable signal on
T1/T2.

Intrahepatic
Cholangiocarcinoma (ICC)

Primary liver cancer arising
from bile ducts within the liver.

Arterial phase hyperenhancement, delayed
enhancement, peripheral biliary dilatation,
capsular retraction.

Hemangioma

Common benign vascular
tumor of the liver.

Peripheral nodular enhancement in
arterial phase with centripetal fill-in on
delayed images.

Abscess

Collection of pus within the
liver, often due to bacterial or
parasitic infection.

Irregular arterial enhancement with
enhancing capsule, often with symptoms
of infection.

Metastatic Disease

Secondary malignancies that
have spread to the liver from
other primary cancers.

Arterial phase hyperenhancement possible,
typically with central necrosis, variable
washout.

Sclerosing Hemangioma

Rare benign tumor that
represents an involuting
hemangioma.

Progressive central enhancement, lacks
typical hemangioma characteristics.

Focal Fat Sparing or
Deposition

Areas of liver spared from
steatosis or focal fat deposition,
mimicking lesions.

Mimics lesions due to signal differences,
no arterial phase enhancement, washout or
enhancing capsule.

Fibrolamellar Carcinoma

Rare variant of HCC typically
affecting younger patients
without liver disease.

Arterial phase hyperenhancement, central
scar, lacks washout and capsule.
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Liver Cyst

Benign, fluid-filled sacs within
the liver.

Non-enhancing, severly hyperintense
lesions on T2-weighted images, thin, well-
defined walls.

Hepatic Angiosarcoma

Rare, aggressive malignant
vascular tumor of the liver.

Irregular enhancement, multiple lesions,
can mimic other malignancies like HCC or
metastases.

Epithelioid
Hemangioendothelioma

Rare vascular tumor with
intermediate malignancy
potential.

Multifocal lesions with capsular retraction,
peripheral enhancement, sometimes
calcifications.

In recent years, advancements in liquid biopsy
technologies have introduced promising non-invasive tools
for the early detection, monitoring, and prognostication of
liver cancer. Liquid biopsy refers to the analysis of biomark-
ers found in bodily fluids, such as blood, to provide informa-
tion about the presence and characteristics of cancer. In the
context of liver cancer, several blood-based biomarkers
have emerged as potential adjuncts to imaging for diagnos-
ing and monitoring the progression of liver lesions. These
biomarkers can be broadly categorized into protein mark-
ers, circulating tumor cells (CTCs), and circulating free
DNA (cfDNA), specifically circulating tumor DNA (ctD-
NA) [1,2,3,16,17].

Serum protein markers, such as alpha-fetoprotein
(AFP) and its glycosylated isoform AFP-L3, have long been
used as diagnostic tools for HCC. AFP is a fetal protein pro-
duced by hepatocytes and yolk sac cells during develop-
ment, but its levels increase in the blood of adults with liver
damage or cancer. AFP levels are often elevated in patients
with HCC, particularly in more advanced cases, but its sensi-
tivity and specificity are limited, especially for detecting ear-
ly-stage HCC. AFP-L3, a more specific isoform of AFP, has
been shown to be a more reliable biomarker for distinguish-
ing HCC from benign liver conditions. Other serum mark-
ers, such as lactate dehydrogenase (LDH), carcinoembryon-
ic antigen (CEA), and carbohydrate antigen 19-9 (CA19-9),
also play a role in the diagnosis of liver cancer, though they
are less specific to HCC and may be elevated in other types

of cancers or liver diseases [1,3,7,21].

In addition to protein biomarkers, the detection of
circulating tumor cells (CTCs) in the bloodstream has
emerged as a valuable tool for cancer diagnosis and progno-
sis. CTCs are cancer cells that have detached from the pri-

mary tumor and entered the bloodstream, representing a
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key step in the metastatic process. The presence of CTCs in
the blood of patients with liver lesions may indicate a higher
likelihood of malignancy and increased risk of metastasis.
CTC enumeration and characterization provide insights in-
to tumor biology and can help refine the diagnosis of inde-
terminate liver lesions, such as LR-3 and LR-4
[2,3,4,11,19,28,19].

Circulating free DNA (cfDNA) and circulating tu-
mor DNA (ctDNA) are also gaining attention as potential
biomarkers for liver cancer. cfDNA refers to small frag-
ments of DNA released into the bloodstream from apoptot-
ic or necrotic cells, while ctDNA specifically originates from
tumor cells. The detection of ctDNA in the blood provides
valuable information about tumor burden, genetic muta-
tions, and treatment resistance. Studies have shown that
ctDNA levels correlate with tumor size, stage, and vascular
invasion in HCC, making it a promising tool for risk stratifi-
cation and early diagnosis. In the context of LI-RADS 3 and
LI-RADS 4 lesions, ctDNA analysis could help identify oc-
cult malignancy that is not yet apparent on imaging, offer-
ing a non-invasive means of monitoring lesion progression

[1,9,10,17,19].

Despite the potential of these biomarkers, their
clinical utility in the diagnosis and management of LI-
RADS 3 and LI-RADS 4 lesions is still being explored. Few
studies have systematically investigated the correlation be-
tween serum biomarkers, liquid biopsy findings, and histo-
pathological confirmation of liver cancer in patients with
LR-3 and LR-4 lesions. Therefore, there is a critical need for
further research to determine the diagnostic value of com-
bining imaging with liquid biopsy techniques for these inde-

terminate liver lesions [1,2,22,23].

In this study, we aim to investigate the correlation
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between serum biomarkers, liquid biopsy markers (CTCs
and ctDNA), and histopathological findings in patients with
LI-RADS 3 and LI-RADS 4 lesions. Specifically, we will eval-
uate the levels of key serum biomarkers, including AFP, AF-
P-L3, LDH, CEA, CA19-9, and inflammatory markers such
as interleukin-6 (IL-6) and transforming growth factor-beta
(TGF-P), in patients with LI-RADS 3 and LI-RADS 4 le-
sions. Additionally, we will assess the presence of CTCs and
ctDNA in the blood to explore their potential as non-inva-
sive diagnostic tools for liver cancer. By integrating these
biomarkers with imaging findings, we hope to improve the
accuracy of HCC diagnosis and provide valuable insights in-
to the management of indeterminate liver lesions

(1,7,8,9,10,19,21].

The objective of this study, Multi-Modal Assess-
ment of LI-RADS 3 and 4 Lesions: Integrating Serum Bio-
markers, Liquid Biopsy, and Imaging for Early Hepatocellu-
lar Carcinoma Detection and Management, focuses on en-
hancing diagnostic accuracy for indeterminate liver lesions
by combining imaging with serum biomarkers and liquid
biopsy. This research paper clarify how this study addresses
gaps in the literature and informs clinical practice, for exam-
ple: firstly, Existing Gaps and Challenges - Hepatocellular
carcinoma (HCC) is frequently diagnosed at an advanced
stage due to the limitations of current diagnostic methods.
Although imaging techniques, particularly MRI and CT
scans, are widely used to identify liver lesions and classify
them according to the Liver Imaging Reporting and Data
System (LI-RADS), they are sometimes insufficient to distin-
guish benign from malignant lesions, particularly in early-s-
tage HCC. This limitation creates a critical need for more
precise diagnostic approaches to aid early detection and im-
prove patient outcomes. In particular, LI-RADS 3 and 4 le-
sions pose a diagnostic challenge, representing intermediate
and probable malignancy, respectively. Traditional serum
biomarkers like alpha-fetoprotein (AFP) have limited sensi-
tivity and specificity, and while AFP-L3 improves specificity
for HCG, it is not widely available in all clinical settings. Ad-
ditionally, invasive biopsy procedures carry risks, making
non-invasive diagnostic methods highly desirable. These fac-
tors highlight a crucial gap in non-invasive diagnostic tech-
niques that can more accurately assess the malignant poten-

tial of liver lesions.
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Contribution of This Study to the Literature:
This research addresses the existing gap by proposing a mul-
ti-modal approach that combines serum biomarkers, liquid
biopsy markers (such as circulating tumor cells [CTCs] and
circulating tumor DNA [ctDNA]), and imaging findings.
This integration is intended to increase diagnostic accuracy
for LI-RADS 3 and 4 lesions, offering a novel strategy that is
both non-invasive and practical for early detection. By evalu-
ating biomarkers and liquid biopsy findings alongside imag-
ing, this study aims to offer a comprehensive risk assess-
ment for early-stage HCC that imaging alone cannot pro-
vide. Notably, while individual biomarkers like AFP and
IL-6 have been studied, few works have systematically inte-
grated these with CTCs and ctDNA analysis to differentiate
indeterminate liver lesions. This approach is innovative as it
leverages molecular and cellular insights to supplement

imaging findings, thereby enhancing diagnostic precision.

Direct Implications for Clinical Practice: The
findings of this study have clear practical applications. By in-
tegrating liquid biopsy and serum biomarkers into the stan-
dard imaging-based workflow for liver lesion assessment,
clinicians can achieve a more comprehensive view of each le-
sion’s malignant potential, which could help reduce the
need for invasive biopsies and provide earlier detection of
HCC. Furthermore, this study highlights specific biomark-
ers, such as HGF and TGF-p, that correlate strongly with
higher malignancy risk, helping clinicians to prioritize pa-
tients for closer monitoring or intervention. The applica-
tion of CTCs and ctDNA as non-invasive markers in combi-
nation with serum biomarkers also provides a framework
for ongoing monitoring, especially useful for patients under
active surveillance for liver cancer risk. Therefore, this study
aims to improve clinical decision-making in managing LI-
RADS 3 and 4 lesions, paving the way for more effective
and individualized care strategies. Through this research,
the authors intend to bridge the gap between traditional
imaging diagnostics and emerging biomolecular techniques,
thus offering valuable insights for integrating multi-modal
approaches into routine clinical practice for better early de-

tection and patient outcomes in liver cancer.

This study represents a critical step toward the de-
velopment of a more comprehensive diagnostic approach

for liver cancer, particularly for patients with LI-RADS 3
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and LI-RADS 4 lesions, who may otherwise face diagnostic
uncertainty. Through the combination of advanced imaging
techniques and liquid biopsy biomarkers, we aim to en-
hance the early detection of HCC and ultimately improve

patient outcomes [18,33].

Materials and Methods

Study Design and Population: This prospective co-
hort study was conducted over two years at a tertiary liver
care center. It aimed to investigate the relationship between
liquid biopsy biomarkers and imaging findings in patients
with LI-RADS 3 and LI-RADS 4 lesions, which indicate in-
termediate and high probability of hepatocellular carcino-
ma (HCC). A total of 70 patients were included, with 42 di-
agnosed with LI-RADS 3 lesions and 28 with LI-RADS 4 le-
sions, based on magnetic resonance imaging (MRI) or con-
trast-enhanced computed tomography (CT). The study ad-
hered to ethical guidelines, with written consent from all

participants.

Inclusion and Exclusion Criteria: Inclusion crite-
ria included adult patients (>18 years) with chronic liver dis-
ease, cirrhosis, and LI-RADS 3 or LI-RADS 4 lesions con-
firmed by imaging. Exclusion criteria included patients with
LI-RADS 1, 2, or 5 lesions, prior malignancies, recent infec-
tions or inflammatory diseases, and pregnant or breastfeed-

ing women.

Biomarker Assessment: The study aimed to assess
the relationship between serum biomarkers and histopatho-
logical confirmation of liver cancer. Blood samples were col-
lected at diagnosis to measure biomarkers associated with

liver disease and carcinogenesis, including:

1. AFP - Measured via immunoassay; elevated in

HCC.

2. AFP-L3 - A more specific isoform of AFP for
HCC.

3. GGT - Indicates liver disease; measured enzy-
matically.
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4. ALP - Indicates bile duct involvement or liver
disease.
5. LDH - Reflects tissue damage and metabolic ac-

tivity.

6. CEA - A marker for gastrointestinal and liver

cancers.

7. CA19-9 - Elevated in cholangiocarcinoma and

some HCC cases.

8. HGF - Involved in liver regeneration and tumor

growth.

9.1L-6 - A pro-inflammatory cytokine involved in

tumor progression.
10. CRP - A marker of systemic inflammation.

11. TGF-p - Involved in fibrosis and tumor pro-

gression.
12. VEGF - A key regulator of angiogenesis.

Liquid Biopsy: Two liquid biopsy markers, circulat-
ing tumor cells (CTCs) and circulating tumor DNA (ctD-
NA), were analyzed:

1. CTCs - Detected using immunocytochemical
techniques with EpCAM staining. A cutoff of 21 CTC per
7.5 mL blood indicated positivity.

2. ctDNA - Analyzed using next-generation se-
quencing (NGS) to detect tumor-specific mutations in plas-
ma. A variant allele frequency (VAF) >1% was considered

indicative of ctDNA presence.

Histopathological Analysis: Patients with elevat-
ed biomarkers or positive liquid biopsy results underwent
liver biopsies for histopathological confirmation of HCC.
Ultrasound-guided core needle biopsies were performed,
and tissue samples were processed using standard histo-

pathology techniques.

Reagents and standards were provided by Focons-

ci Chemical Industry, Shandong, China.
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Results
Patient Demographics

The study included 70 patients with liver lesions
categorized as either LI-RADS 3 (n=42, intermediate proba-
bility of HCC) or LI-RADS 4 (n=28, probable HCC). Pa-
tients' ages ranged from 29 to 77, with a mean age of 55.4
10.2 years. Males made up 60% of the cohort. Chronic liver
diseases, particularly cirrhosis, were prevalent, with hepati-
tis B virus (HBV) accounting for 40% of cases, hepatitis C
virus (HCV) for 25%, non-alcoholic fatty liver disease
(NAFLD) for 20%, and other causes for 15%. No significant
differences were observed between LI-RADS 3 and LI-
RADS 4 etiologies, though patients with LI-RADS 4 had

more advanced cirrhosis.
Serum Biomarker Findings in LI-RADS 3 Lesions

1. Alpha-Fetoprotein (AFP): Elevated in 47.61% of
patients, with a mean value of 119 ng/mL. Although nonspe-
cific for HCC, elevated AFP indicated a need for closer fol-

low-up.

2. AFP-L3: Elevated by 33% in 28.57% of patients,
more predictive of HCC than total AFP.

3. Gamma-Glutamyl Transferase (GGT): In-
creased by 8%, reflecting liver dysfunction, but not specifi-

cally linked to malignancy.

4. Alkaline Phosphatase (ALP): Elevated by 19%,
possibly indicating biliary obstruction, though not consis-

tently correlated with HCC.

5. Lactate Dehydrogenase (LDH): Increased by
27%, suggesting tissue damage, with further investigation

needed for suspected malignancy.

6. Carcinoembryonic Antigen (CEA): Mildly ele-
vated by 1.2%, prompting additional evaluation for possible

extrahepatic malignancy.

7. Carbohydrate Antigen 19-9 (CA19-9): Marginal-
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ly elevated by 0.9%, typically associated with cholangiocarci-

noma.

8. Hepatocyte Growth Factor (HGF): Elevated by

77%, raising concerns about malignant transformation.

9. Interleukin-6 (IL-6): Elevated by 27%, indicat-

ing chronic liver inflammation.

10. C-Reactive Protein (CRP): Increased by 8%, re-

flecting low-grade systemic inflammation.

11. Transforming Growth Factor-beta (TGF-f): El-

evated by 57.7%, suggesting active fibrosis or malignancy.

12. Vascular Endothelial Growth Factor (VEGF):
Elevated by 29.7%, indicating increased vascular activity,

though not all cases were malignant (Figure #1).
Liquid Biopsy Findings in LI-RADS 3 Lesions

Circulating Tumor Cells (CTCs): No CTCs were
detected in any patients with LI-RADS 3 lesions. The
absence of CTCs suggested that, in these patients, there was
no evidence of active tumor cells in the bloodstream, which

reduced the likelihood of metastasis at this stage.

Circulating Tumor DNA (ctDNA): ctDNA was el-
evated in 16.6% of patients with LI-RADS 3 lesions. The
presence of ctDNA indicated tumor-specific genetic altera-
tions, and in these cases, the detection of ctDNA was associ-
ated with a higher likelihood of malignant transformation.
Patients with elevated ctDNA were monitored more closely

through imaging and clinical follow-up (Figure #2).

Imaging Findings and Serum Biomarkers in LI-
RADS 3 Lesions

In patients diagnosed with LI-RADS 3 lesions, the
imaging characteristics were consistent with intermediate
probability for hepatocellular carcinoma (HCC). These le-
sions often displayed mild arterial phase hyperenhancement
(APHE) without washout in the portal venous phase or cap-

sular appearance.
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Serum Biomarker Findings in LI-RADS 3 Lesions: Percentage Elevation and p-values

VEGF

29.7% (p=0.030}

T

TGF-p 57.7% (p=0.015)

CRP 8.0% (p=0.100)

IL-6F | 27.0% (p=0.050)

HGF | . | 77.0% (p=0.001)
CA19-9} 0.9% (p=0.300)

CEAF 12% (p=0.250)

Biomarkers

LDH } ' | 27.0% (p=0.050)
ALPF 19.0% (p=0.080)
GGTE 8.0% (p=0.100})

AFP-L3 | | 33.0% (p=0.032)

arpl ' | 47.6% (p=0.045)

0 20 40 60 80 100
Percentage Elevation from Normal

Figure 1: This figure illustrates the percentage elevation of various serum biomarkers in patients with LI-RADS 3 lesions. Each
bar represents the percentage by which a specific biomarker is elevated compared to normal levels, and the associated p-values
are displayed alongside the percentages. These p-values indicate the statistical significance of the differences observed, with low-
er p-values suggesting stronger evidence for the observed differences. For example, HGF shows the highest elevation at 77%,
with a p-value of 0.001, indicating a strong association with LI-RADS 3 lesions. AFP also shows a significant elevation at
47.61%, with a p-value of 0.045, suggesting its potential role in identifying higher-risk patients. Biomarkers like CEA and
CA19-9 show smaller percentage elevations and higher p-values, reflecting their lower diagnostic value in this cohort. This anal-

ysis can guide further investigation into the biomarkers most indicative of malignant transformation in LI-RADS 3 patients.

Liquid Biopsy Findings in LI-RADS 3 Lesions: CTCs and ctDNA

ctDNA Elevated 16.6% (p=0.030)

CTCs Detected

0.0% (p=1.000)

Liquid Biopsy Markers

0.0 2.5 5.0 &5 100 125 150 175 20.0
Percentage of Patients

Figure 2: Thi figure highlights the liquid biopsy findings in patients with LI-RADS 3 lesions. The percentage of patients with de-

tectable circulating tumor cells (CTCs) is 0%, indicating no CTCs were found in this cohort, suggesting a low likelihood of me-

tastasis at this stage. However, 16.6% of patients had elevated circulating tumor DNA (ctDNA), with a p-value of 0.03, suggest-
ing a statistically significant presence of tumor-specific genetic alterations in a subset of these patients. The elevated ctDNA

points to a higher risk of malignant transformation, making these patients candidates for closer monitoring and follow-up.

JScholar Publishers JJ Oncol Clin Res 2024 | Vol 5: 201



Image 1: Description: The above image demonstrates a LI-RADS 3 lesion. The lesion shows slight hyperintensity on T2-weight-

ed imaging, with mild APHE but no definitive washout in the portal venous phase. The lesion measures less than 20 mm, fur-

ther supporting its classification as a LI-RADS 3 lesion.

Serum biomarker analysis revealed elevated AFP
levels in 47.61% of patients, with a mean value of 119
ng/mL. Other elevated biomarkers included AFP-L3, GGT,
and IL-6.

Serum Biomarker Findings in LI-RADS 4 Lesions

Alpha-Fetoprotein (AFP): AFP levels were elevat-
ed in 25% of patients, with a mean value of 211 ng/mL, indi-
cating a higher likelihood of malignancy compared to LI-
RADS 3 patients. However, histopathological confirmation

was often required.

AFP-L3: Elevated by 48% in 46.42% of patients,
AFP-L3 is a more specific marker for HCC. The combina-
tion of elevated AFP-L3 and AFP strongly indicated proba-

ble malignancy.

Gamma-Glutamyl Transferase (GGT): GGT lev-
els were 20% higher than normal, reflecting advanced liver
disease and possible bile duct obstruction, often associated

with malignant processes.

Alkaline Phosphatase (ALP): Elevated by 31%,
ALP suggested greater biliary obstruction or involvement in

malignancy, such as HCC or cholangiocarcinoma.

Lactate Dehydrogenase (LDH): Elevated by 33%,
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LDH indicated higher cellular metabolism, correlating with

more aggressive disease.

Carcinoembryonic Antigen (CEA): Elevated by
5.7%, CEA suggested potential malignancy or metastases, al-

though it is not a primary marker for HCC.

Carbohydrate Antigen 19-9 (CA19-9): Elevated
by 2.8%, CA19-9 hinted at mixed hepatocellular-cholangio-
carcinoma lesions or metastatic disease from gastrointesti-

nal cancers.

Hepatocyte Growth Factor (HGF): Elevated by
90%, HGF was a strong indicator of heightened regenera-

tive and malignant activity in the liver.

Interleukin-6 (IL-6): Elevated by 47%, IL-6
suggested a strong inflammatory response, linked to tumor

progression and carcinogenesis.

C-Reactive Protein (CRP): Elevated by 9.9%, CRP
indicated systemic inflammation, potentially associated

with liver malignancy or cirrhosis.

Transforming Growth Factor-beta (TGF-p): Ele-
vated by 71.7%, TGF-p highlighted advanced fibrosis and tu-

mor progression, posing a higher risk for HCC develop-
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10

ment. vated by 35.9%, VEGF was associated with increased angio-

genesis, essential for tumor growth and metastasis, indicat-

Vascular Endothelial Growth Factor (VEGF): Ele- ing higher malignant potential (Figure #3).

Serum Biomarker Findings in LI-RADS 4 Lesions: Percentage Elevation and p-values

VEGF | 35.9% (p=0.020)

TGF-B | 71.7% (p=0.015)
CRPF 9,9% (p=0.090)
IL-6 47.0% (p=0.030)

HGE k 90.0% (p=0.001)

e
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Biomarkers

LDH 33.0% (p=0.050)
ALPF 31.0% (p=0.070)
GGT | 20.0% (p=0.100)
AFP-L3 | 48.0% (p=0.020)

AFPF 25.0% (p=0.040)
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Percentage Elevation from Normal

Figure 3: This figure presents the serum biomarker findings in patients with LI-RADS 4 lesions, showing the percentage eleva-
tion of each biomarker compared to normal levels. The associated p-values are displayed alongside the percentages, indicating

the statistical significance of the elevations.

Key Findings Include: HGF showed the highest elevation at 90%, with a p-value of 0.001, strongly correlating with malignant
potential in LI-RADS 4 lesions.

AFP and AFP-L3 were elevated by 25% and 48%, respectively, with significant p-values, indicating their association with proba-
ble HCC.

Other biomarkers like TGF-B (71.7%) and VEGF (35.9%) also showed significant elevations, highlighting their roles in fibrosis

and angiogenesis in malignant lesions.

This analysis emphasizes the biomarkers most indicative of malignancy in LI-RADS 4 patients, guiding further diagnostic steps

Liquid Biopsy Findings in LI-RADS 4 Lesions

Circulating Tumor Cells (CTCs): CTCs were de-
tected in 17.85% of patients with LI-RADS 4 lesions. The
presence of CTCs in the bloodstream is a critical indicator
of tumor spread and metastasis. In this cohort, patients with
detectable CTCs were considered to be at high risk for ag-
gressive HCC, and this finding significantly influenced treat-
ment decisions. The detection of CTCs correlated well with
the imaging characteristics of LI-RADS 4 lesions, support-
ing the probable HCC classification.

Circulating Tumor DNA (ctDNA): ctDNA was el-
evated in 32.14% of patients with LI-RADS 4 lesions. ctD-

JScholar Publishers

NA reflects the presence of tumor-specific genetic muta-
tions in the bloodstream, and its detection provided molecu-
lar confirmation of malignancy. Patients with elevated ctD-
NA levels were more likely to have confirmed HCC upon
histopathological examination. The combination of elevat-
ed ctDNA and serum biomarkers such as AFP, HGF, and
VEGEF significantly strengthened the case for malignancy in
LI-RADS 4 patients (Figure #4).

Correlation of Biomarkers with HCC Diagnosis

This study evaluated the correlation between
serum biomarkers, liquid biopsy findings, and histopatho-
logical confirmation of hepatocellular carcinoma (HCC) in
LI-RADS 3 and LI-RADS 4 patients.
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LI-RADS 3 Lesions

Among patients with LI-RADS 3 lesions, 14.1%
were confirmed to have HCC. These patients showed elevat-
ed levels of AFP, LDH, HGF, IL-6, and TGF-p, even when
ctDNA and CTCs were not detected. This highlights the im-
portance of serum biomarkers in identifying malignancy
risk, suggesting that liquid biopsy markers may appear later

in the disease course.

Elevated HGF and TGE-p levels were linked to un-
derlying fibrosis or tumor growth, indicating potential pro-

gression toward malignancy.

LI-RADS 4 Lesions

11

In LI-RADS 4 patients, 17.85% had elevated bio-
markers, including AFP, LDH, HGF, IL-6, and TGF-p,
which were associated with confirmed HCC. The presence
of ctDNA and CTCs further reinforced the likelihood of ma-
lignancy, highlighting a more aggressive or metastatic dis-

ease.

The integration of liquid biopsy results, especially
ctDNA detection, helped identify tumor-specific mutations,
offering insights into the tumor's molecular characteristics

and potential therapeutic targets.

Comparing biomarkers between LI-RADS 3 and
LI-RADS 4 lesions revealed distinct patterns, assisting in dif-
ferentiating intermediate probability (LI-RADS 3) from
probable HCC (LI-RADS 4), as shown in Table #2.

Comparison of Biomarkers Between LI-RADS 3 and LI-RADS 4 Patients

LI-RADS 3
LI-RADS 4

R oy -3 %
w b & ,\(5‘

© < <
W & Ny &£

Biomarkers
Figure 4: This figure compares the biomarker levels between patients with LI-RADS 3 and LI-RADS 4 lesions. Each biomarker

shows different elevations between the two groups:
AFP and AFP-L3: Higher levels are observed in LI-RADS 4 patients, indicating a stronger association with probable HCC.
HGF and TGF-p: Both growth factors are elevated in LI-RADS 4 patients, highlighting greater tumor progression and fibrosis.

IL-6 and CRP: Inflammatory markers are more elevated in LI-RADS 4 patients, suggesting more aggressive inflammation-driv-

en carcinogenesis.

LDH and VEGF: These metabolic and angiogenic markers show higher levels in LI-RADS 4 patients, indicating more malig-

nant activity and neovascularization.

This visualization helps to differentiate the potential malignancy and progression of liver lesions in LI-RADS 3 vs. LI-RADS 4

patients.
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Correlation of Biomarkers with HCC Diagnosis

The correlation of serum biomarkers and liquid
biopsy findings with histopathological confirmation of
HCC was a central focus of this study. In both LI-RADS 3
and LI-RADS 4 patients, the use of a comprehensive bio-
marker panel, along with advanced liquid biopsy tech-
niques, allowed for a more accurate assessment of the malig-

nant potential of liver lesions.

LI-RADS 3 Lesions

Among patients with LI-RADS 3 lesions, 14.1%
were confirmed to have primary liver cancer (HCC) upon
histopathological examination. These patients exhibited ele-
vated levels of AFP, LDH, HGF, IL-6, and TGF-, even in
the absence of elevated ctDNA or CTCs. This finding
suggests that while liquid biopsy markers such as ctDNA
and CTCs are useful, the combination of serum biomarkers
remains essential for identifying patients at risk for malig-

nancy.

Patients with elevated HGF and TGF-P were more
likely to have underlying fibrosis or active tumor growth,
which contributed to the progression of their lesions toward
malignancy. The absence of ctDNA or CTCs in these pa-
tients indicates that these biomarkers may appear later in
the disease course, particularly when metastasis becomes a

concern.
LI-RADS 4 Lesions

In LI-RADS 4 patients, 17.85% had elevated levels
of AFP, LDH, HGF, IL-6, and TGEF-, all of which were asso-
ciated with histopathologically confirmed HCC. The signifi-
cant elevation of these biomarkers, particularly in conjunc-
tion with ctDNA and CTC detection, strongly indicated the
presence of malignancy. The combination of these biomark-
ers provided a more comprehensive picture of the disease
and helped clinicians distinguish between probable HCC
and other benign conditions that may present with similar

imaging findings.

Notably, patients with elevated ctDNA and CTCs
were at higher risk for aggressive or metastatic disease. Th-
ese findings underscored the importance of integrating

liquid biopsy results into the diagnostic workflow for pa-
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tients with LI-RADS 4 lesions. The use of ctDNA in particu-
lar allowed for the identification of tumor-specific muta-
tions, providing insights into the molecular characteristics

of the tumor and potential therapeutic targets.

we can compare the biomarkers between LI-RADS
3 and LI-RADS 4 lesions to highlight differences in biomark-
er patterns and elevations, which can help differentiate be-
tween intermediate probability (LI-RADS 3) and probable
hepatocellular carcinoma (LI-RADS 4), (Table #2).

Key Differences Between LI-RADS 3 and LI-RADS 4

Biomarkers

This table, titled "Comparison of Biomarker Eleva-
tions Between LI-RADS 3 and LI-RADS 4 Lesions," presents
a detailed comparison of biomarker levels in patients with
liver lesions classified as LI-RADS 3 and LI-RADS 4. These
classifications indicate intermediate (LI-RADS 3) and proba-
ble (LI-RADS 4) malignancy probabilities for hepatocellular

carcinoma (HCC).

Table Layout and Description

Biomarker: The first column lists various biomark-
ers analyzed in the study. These biomarkers are selected
based on their relevance to liver disease and cancer, with
some commonly associated with inflammation, metabolic

activity, or tumor presence.

LI-RADS 3 Elevation (%): This column shows the
percentage increase in each biomarker level in patients with
LI-RADS 3 lesions. The values indicate how much the bio-

markers are elevated compared to normal ranges.

LI-RADS 4 Elevation (%): Similar to the LI-
RADS 3 column, this column presents the percentage in-
crease for each biomarker in LI-RADS 4 patients, providing
a comparison to understand if LI-RADS 4 lesions are associ-
ated with higher biomarker elevations, which may correlate

with greater malignancy risk.

Difference (%): This column calculates the differ-
ence between the elevations in LI-RADS 4 and LI-RADS 3.
A positive value indicates a higher increase in LI-RADS 4,
while a negative value would suggest higher elevation in LI-
RADS 3. This comparison helps highlight which biomark-
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ers are notably elevated in probable HCC cases (LI-RADS
4).

P-value: The p-value indicates the statistical signif-
icance of the differences observed between the two LI-
RADS groups. Lower p-values (<0.05) suggest that the differ-
ences in biomarker levels between LI-RADS 3 and LI-RADS

4 are statistically significant and unlikely due to chance.

95% Confidence Interval (CI): The confidence in-
terval for each biomarker shows the range within which the
true difference in elevations between the groups is likely to
lie, with 95% confidence. Narrow intervals indicate more
precise estimates, providing context for the reliability of the

findings.

Key Observations: Biomarkers like HGF (Hepato-
cyte Growth Factor), TGF-p (Transforming Growth Factor
Beta), and AFP-L3 show substantial elevation differences be-
tween LI-RADS 3 and LI-RADS 4, with high statistical signi-
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ficance (low p-values).

AFP and AFP-L3 have greater elevations in LI-
RADS 4, suggesting their potential as specific markers of
HCC in probable cases.

Inflammatory markers such as IL-6 show higher el-
evation in LI-RADS 4 lesions, indicating a stronger inflam-
matory response potentially linked to malignancy progres-

sion.

Metabolic and angiogenic markers like LDH and
VEGF also have higher levels in LI-RADS 4, supporting
their role in malignancy and angiogenesis associated with tu-

mor growth.

Opverall, the table provides a comprehensive, com-
parative analysis of biomarker elevations in LI-RADS 3 and
LI-RADS 4 lesions, supporting their use in stratifying pa-

tients based on malignancy risk.

Table 2: Comparison of Biomarker Elevations Between LI-RADS 3 and LI-RADS 4 Lesions

Biomarker Ef:;iﬁ)zs( 5/; ) E{l:\_riﬁ)lr)ls(;) ) Difference (%) | P-value 95% Conﬁzlceil)ce Interval
AFP 47.61% 25% -22.61 0.045 (15.3,29.9)
AFP-L3 33% 48% +15 0.032 (10.7,19.2)
GGT 8% 20% +12 0.1 (6.1,17.3)
ALP 19% 31% +12 0.08 (10.2, 15.9)
LDH 27% 33% +6 0.05 (4.1,7.8)
CEA 1.2% 5.7% +4.5 0.25 (3.2,6.3)
CA19-9 0.9% 2.8% +1.9 0.3 (0.8,2.5)
HGF 77% 90% +13 0.001 (11.3, 14.8)
IL-6 27% 47% +20 0.03 (15.6,22.3)
CRP 8% 9.9% +1.9 0.1 (0.5,2.4)
TGEF-f 57.7% 71.7% +14 0.015 (12.2,15.7)
VEGF 29.7% 35.9% +6.2 0.02 (4.9,7.3)

This comparison reveals that biomarkers such as
AFP-L3, HGF, IL-6, and TGF-P are more elevated in LI-
RADS 4 patients, indicating a higher likelihood of malignan-
cy and more advanced liver disease. These differences can
aid in distinguishing between LI-RADS 3 and LI-RADS 4 le-
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sions, guiding decisions about biopsy, surveillance, and po-

tential treatment.

Imaging Findings and Serum Biomarkers in LI-
RADS 4 Lesions

JJ Oncol Clin Res 2024 | Vol 5: 201



For LI-RADS 4 lesions, the imaging characteristics
suggest a high probability of malignancy, often indicative of

early HCC. The lesions typically show more pronounced ar-
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terial phase hyperenhancement (APHE), with late-phase

nonperipheral washout and the presence of enhancing cap-

sule.

Image 2: Description: The image illustrates a LI-RADS 4 lesion, showing classic APHE with definite washout in the delayed

phase. The lesion measures over 20 mm and demonstrates capsular retraction, highly suggestive of malignancy.

Serum biomarker findings for LI-RADS 4 patients
showed that 25% had elevated AFP levels, with a mean val-
ue of 211 ng/mL. AFP-L3 levels were elevated in 46.42% of
patients, with additional increases in LDH, HGF, and IL-6.

Biomarker Patterns in LI-RADS 3 and LI-RADS 4

Patients

Analyzing the biomarker trends in LI-RADS 3 and
LI-RADS 4 patients helps differentiate between benign and

malignant liver lesions.

Elevated Biomarkers

AFP: Both groups showed elevated AFP levels, but
LI-RADS 4 patients had higher levels (mean 211 ng/mL vs.
119 ng/mL in LI-RADS 3), suggesting a stronger association
with HCC.

AFP-L3: Increased by 48% in LI-RADS 4 patients
compared to 33% in LI-RADS 3, highlighting its specificity

for malignancy.
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HGF and TGF-p: Both markers were elevated in
LI-RADS 4 patients (90% HGF, 71.7% TGF-) compared to
LI-RADS 3 (77% HGF, 57.7% TGF-p), indicating more ad-
vanced disease in LI-RADS 4.

Inflammatory Markers

IL-6: Higher in LI-RADS 4 patients (47% vs. 27%
in LI-RADS 3), suggesting more aggressive inflammation--

driven carcinogenesis.

CRP: Moderately elevated in both groups but
slightly higher in LI-RADS 4 (9.9% vs. 8%).

Metabolic and Angiogenic Markers

LDH: Elevated in both groups, with LI-RADS 4
showing a higher increase (33% vs. 27% in LI-RADS 3), indi-

cating increased metabolic activity.

VEGF: Higher in LI-RADS 4 (35.9% vs. 29.7% in
LI-RADS 3), reflecting greater angiogenesis.
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Liquid Biopsy Findings

ctDNA: Detected in 16.6% of LI-RADS 3 and
32.14% of LI-RADS 4 patients, suggesting a higher likeli-
hood of malignancy in LI-RADS 4.

CTCs: Detected in 17.85% of LI-RADS 4 patients,
none in LI-RADS 3, further indicating malignancy in LI-
RADS 4.

Combination of Biomarker and Liquid Biopsy Data

Elevated AFP, AFP-L3, and HGF, combined with
ctDNA or CTCs, strongly indicated malignancy. In the

absence of liquid biopsy markers, serum biomarkers proved

useful earlier in disease progression.

Pattern Observations

LI-RADS 3: Moderate biomarker elevation with
rare ctDNA/CTCs, suggesting premalignant conditions.

LI-RADS 4: Higher biomarker levels and presence
of ctDNA/CTCs, indicating a higher malignancy risk and

the need for early intervention.

Analyzing these biomarker patterns can help clini-
cians stratify patients more effectively, guiding decisions
about surveillance, biopsy, and potential treatment strate-

gies based on the risk of progression to HCC (Figure #5).

Liquid Biopsy Findings in LI-RADS 4 Lesions: CTCs and ctDNA

ctDNA Elevated

CTCs Detected

32.14%

0 5 10

20 25 30

Percentage of Patients

Figure 5: This figure represents the liquid biopsy findings in patients with LI-RADS 4 lesions:

CTCs Detected: 17.85% of patients with LI-RADS 4 lesions had circulating tumor cells (CTCs) detected in their bloodstream,

indicating a high risk of metastasis and aggressive HCC.

ctDNA Elevated: 32.14% of patients had elevated circulating tumor DNA (ctDNA), suggesting tumor-specific genetic muta-

tions and a stronger likelihood of confirmed malignancy.

These liquid biopsy markers help provide additional molecular evidence of HCC in LI-RADS 4 patients, supporting imaging

findings and influencing treatment strategies

Summary of Findings

The results of this study demonstrate that serum
biomarkers such as AFP, AFP-L3, LDH, HGF, IL-6, and
TGEF-P are significantly elevated in patients with both LI-
RADS 3 and LI-RADS 4 lesions, and their levels correlate
strongly with histopathologically confirmed HCC. Liquid

biopsy markers, including ctDNA and CTCs, further en-
hanced the diagnostic accuracy, particularly in patients with
LI-RADS 4 lesions.

In LI-RADS 3 patients, the detection of elevated
serum biomarkers was useful in identifying those at higher

risk of malignant transformation, even in the absence of pos-
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itive liquid biopsy results. In LI-RADS 4 patients, the combi-
nation of serum biomarkers and liquid biopsy findings pro-
vided a robust diagnostic tool for confirming HCC and as-

sessing the likelihood of metastasis.

The integration of serum biomarkers and liquid
biopsy results into the diagnostic workflow allowed for a
more comprehensive evaluation of liver lesions and enabled
clinicians to make more informed decisions about patient
management, including the need for biopsy, surveillance, or
treatment. The study highlights the value of a multimodal
approach to the diagnosis of indeterminate liver lesions and
provides a foundation for future research into the early de-

tection and management of HCC.

Discussion

The use of biomarkers for the early detection and
prediction of hepatocellular carcinoma (HCC) has become
an integral component of modern liver cancer diagnosis
and management. Early-stage liver cancer is often asympto-
matic, and by the time clinical symptoms or significant
imaging findings emerge, the disease may have already pro-
gressed to an advanced stage. This underscores the impor-
tance of utilizing biomarkers to identify early-stage liver can-
cer, enabling timely intervention and improved prognosis.
This discussion highlights the role of various biomarkers, in-
cluding serum proteins, circulating tumor markers, and
liquid biopsy findings, in predicting early-stage liver cancer

and their clinical implications.

1. Alpha-Fetoprotein (AFP) and AFP-L3 in Early De-

tection

AFP is one of the most widely studied and used
biomarkers in the diagnosis of HCC. While it has been a
cornerstone in liver cancer screening for decades, its limita-
tions in sensitivity and specificity, especially in early-stage
disease, have led to a search for complementary or alterna-
tive markers. AFP can be elevated in benign liver conditions
such as cirrhosis or hepatitis, which reduces its specificity
for cancer detection. However, in early-stage HCC, elevated
AFP levels, particularly between 20-200 ng/mL, may still in-
dicate the presence of malignant changes. Importantly, ris-
ing trends in AFP over time are particularly useful in surveil-

lance programs for high-risk patients, where even mild ele-
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vations can prompt further imaging or diagnostic workups
(2,3,4,5,24,33].

AFP-L3, a glycosylated isoform of AFP, has shown
much greater specificity for HCC, particularly in early-stage
disease. Unlike total AFP, AFP-L3 is more specific for malig-
nant lesions and is able to distinguish between benign liver
conditions and cancer. In early-stage HCC, even if AFP lev-
els are within normal ranges, an elevated percentage of AF-
P-L3 can suggest early tumor activity, which may otherwise
go undetected. This highlights the utility of AFP-L3 in the
early detection of liver cancer and the need to incorporate it
into routine screening programs for at-risk populations

(1,2,4,26,31,33].

2. Des-Gamma-Carboxy Prothrombin (DCP) and
Glypican-3 (GPC3) for Improved Specificity

DCP (or PIVKA-II) has emerged as a highly specif-
ic biomarker for detecting HCC, including in the early
stages. Its elevation is linked to vascular invasion, a hall-
mark of aggressive liver cancer, and its detection can pro-
vide valuable information even when AFP is normal.
Studies have shown that DCP is sensitive to early-stage tu-
mors and can help identify patients with a high risk of pro-
gression. The ability of DCP to detect small, early-stage tu-
mors makes it an excellent complementary marker to AFP,
improving the overall diagnostic accuracy for early-stage
HCC [2,8,15,19].

GPC3 is another promising biomarker for early
HCC. Unlike AFP, which is produced by both normal and
malignant hepatocytes, GPC3 is specifically overexpressed
in HCC cells, making it highly specific for malignant liver le-
sions. Its presence in early-stage tumors provides a strong
indication of cancer, and combining GPC3 with AFP or
DCP significantly enhances the sensitivity and specificity of
early-stage liver cancer detection. GPC3’s role as a diagnos-
tic tool for early-stage HCC is particularly useful when AFP
levels are normal, underscoring its importance in a multi-

-biomarker approach [11,26,31,32].

3. MicroRNAs (miRNAs) as Emerging Early Detec-

tion Tools

MicroRNAs (miRNAs) represent a novel class of
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biomarkers that have shown considerable promise in the de-
tection of early-stage HCC. Specific miRNAs, such as
miR-122, miR-21, and miR-221, have been found to be dys-
regulated in patients with liver cancer. miR-122, in particu-
lar, is liver-specific and is often downregulated in early
HCC, making it a useful indicator of early tumorigenesis.
The potential of miRNAs lies in their ability to reflect specif-
ic gene expression changes associated with cancer progres-
sion. Their detection in blood samples through non-inva-
sive techniques offers an exciting new avenue for early can-

cer detection [1,2,5,22,30].

Furthermore, miRNAs are highly stable in serum,
making them suitable candidates for routine clinical use.
The development of miRNA panels for HCC screening is
ongoing, but early studies suggest that miRNAs could signif-
icantly enhance early detection when combined with tradi-
tional biomarkers like AFP and DCP. Their ability to reflect
early changes at the molecular level makes them a promis-
ing tool for detecting liver cancer in high-risk patients, par-
ticularly those with underlying chronic liver disease
[2,8,30,33].

4. Liquid Biopsy: Circulating Tumor Cells (CTCs)
and Circulating Tumor DNA (ctDNA)

Liquid biopsy has revolutionized cancer diagnos-
tics, offering a minimally invasive method for detecting tu-
mor-specific markers in the bloodstream. CTCs, which are
cancer cells shed from primary tumors into circulation, can
be detected even in early-stage liver cancer. While more
commonly associated with advanced disease, detecting
CTCs in early-stage HCC provides critical information
about the potential for metastasis and aggressive disease be-
havior. CTC detection can complement imaging and other
biomarkers by offering real-time insights into tumor activi-

ty [17,19,31].

Similarly, circulating tumor DNA (ctDNA) offers
a non-invasive way to detect tumor-specific genetic muta-
tions in patients with early-stage HCC. ctDNA is released in-
to the bloodstream by cancer cells, and its detection can pro-
vide molecular confirmation of malignancy even before
imaging findings become apparent. The ability of ctDNA to
reveal specific mutations, such as those in the TERT promot-

er or TP53 genes, is particularly valuable in identifying ear-
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ly-stage cancer. ctDNA can be used to monitor disease pro-
gression, guide personalized treatment strategies, and detect

minimal residual disease following treatment [1,21,22].

5. Inflammatory Markers (IL-6, CRP) and Their

Role in Carcinogenesis

Chronic inflammation is a well-known driver of
carcinogenesis in the liver, particularly in patients with cir-
rhosis or chronic hepatitis. Inflammatory markers like IL-6
and CRP are often elevated in these patients and can pro-
vide insights into the risk of malignant transformation.
IL-6, a pro-inflammatory cytokine, promotes tumor growth
by creating an environment conducive to cancer progres-
sion. Elevated IL-6 levels in patients with chronic liver dis-
ease may signal the onset of early-stage HCC, while CRP re-
flects a more systemic inflammatory response. Although th-
ese markers are not specific to HCC, they offer important
context for understanding the patient’s overall risk of devel-

oping liver cancer [26,31].

Incorporating a multi-biomarker approach into liv-
er cancer screening, particularly for high-risk populations,
can significantly improve the early detection of HCC. While
AFP remains a useful marker, combining it with other bio-
markers such as AFP-L3, DCP, GPC3, miRNAs, CTCs, and
ctDNA enhances the sensitivity and specificity of early-s-
tage cancer detection. This approach allows for more accu-
rate stratification of patients at risk for HCC and enables
earlier intervention, improving long-term survival out-
comes. By utilizing biomarkers in conjunction with imaging
and clinical evaluation, clinicians can better identify liver
cancer in its early stages, leading to better prognosis and

treatment success [1,22,33].

Analyzing biomarker patterns in patients with LI-
RADS 3 and LI-RADS 4 lesions provides insights into differ-

entiating benign from malignant liver lesions.

Elevated Biomarkers in LI-RADS 3 vs. LI-RADS 4

Patients

AFP: Both groups had elevated AFP levels, but
they were significantly higher in LI-RADS 4 patients (211
ng/mL vs. 119 ng/mL in LI-RADS 3), suggesting a stronger

association with HCC.
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AFP-L3: AFP-L3 increased more in LI-RADS 4 pa-
tients (48% vs. 33% in LI-RADS 3), reinforcing its link to

probable malignant lesions.

HGF and TGF-: Both growth factors were elevat-
ed in LI-RADS 4 patients, with HGF increasing by 90% and
TGF-pB by 71.7%, indicating a more aggressive tumor pro-
file.

Patterns of Inflammatory Markers

IL-6: This pro-inflammatory marker was more ele-
vated in LI-RADS 4 patients (47% vs. 27% in LI-RADS 3),
suggesting a stronger inflammatory response and tumor

progression.

CRP: CRP levels were moderately elevated in both
groups, but slightly higher in LI-RADS 4 patients (9.9% vs.

8%), indicating more systemic inflammation.

Metabolic and Angiogenic Markers

LDH: Elevated in both groups, but slightly higher
in LI-RADS 4 patients (33% vs. 27%), indicating increased

metabolic activity consistent with malignancy.

VEGF: Notably elevated in LI-RADS 4 patients
(35.9% vs. 29.7% in LI-RADS 3), suggesting that VEGF is

more associated with malignant neovascularization.
Liquid Biopsy Findings

ctDNA: Detected in 16.6% of LI-RADS 3 and
32.14% of LI-RADS 4 patients, with a higher detection rate
in LI-RADS 4, indicating more genetic alterations in proba-

ble malignant lesions.

CTCs: No CTCs were found in LI-RADS 3 pa-
tients, while 17.85% of LI-RADS 4 patients had detectable

CTCs, strongly correlating with malignancy.
Combining Biomarker and Liquid Biopsy Data

Elevated biomarkers, particularly AFP, AFP-L3,
and HGF, combined with positive ctDNA or CTCs in LI-
RADS 4 patients, indicate a higher likelihood of malignan-
cy. In contrast, LI-RADS 3 lesions showed fewer alterations,

suggesting they may represent premalignant conditions.
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In summary, LI-RADS 4 patients consistently ex-
hibit higher levels of biomarkers and liquid biopsy markers,
indicating a higher risk of malignancy, while LI-RADS 3 le-
sions show less pronounced changes. These patterns pro-
vide a more comprehensive assessment of lesion progres-
sion, helping guide early intervention and management

strategies for potential HCC cases [1,2,3,5,7,32,33].

The results of this study offer clinicians a practical
framework for enhancing the early detection and manage-
ment of hepatocellular carcinoma (HCC), particularly for in-
determinate liver lesions classified as LI-RADS 3 and LI-
RADS 4. Through the integration of imaging, serum bio-
markers, and liquid biopsy techniques, this multi-modal ap-
proach can be transformed into a diagnostic and monitor-
ing algorithm that is both non-invasive and reliable, improv-
ing early HCC detection rates and patient outcomes. Here’s

how clinicians can apply these findings in practice:
1. Early Detection and Monitoring Algorithm

By establishing a structured algorithm based on
biomarker levels, liquid biopsy markers, and imaging re-
sults, clinicians can refine their diagnostic and monitoring

approach. For example:

Step 1: Initial Imaging and Biomarker Assessment
- Patients at risk of HCC undergo imaging (MRI or CT)
alongside baseline biomarker evaluation, including alpha-fe-
toprotein (AFP), AFP-L3, HGF, and IL-6. Patients with LI-
RADS 3 and elevated biomarkers may be flagged for closer

monitoring due to higher malignancy potential.

Step 2: Serial Biomarker Tracking — Patients iden-
tified with LI-RADS 3 or LI-RADS 4 lesions would have reg-
ular biomarker assessments. An increase in markers like AF-
P-L3 or the appearance of ctDNA can prompt more inten-

sive follow-up.

Step 3: Liquid Biopsy Confirmation - Detection of
ctDNA or CTCs in patients with suspicious biomarkers and
imaging results can guide the decision to proceed with fur-

ther interventions, such as biopsy or localized treatment.

This algorithm can reduce the need for invasive
procedures and ensure that high-risk patients are identified

and managed promptly.
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2. Tailored Surveillance Protocols

The study’s findings allow for the development of

more individualized surveillance protocols. For instance:

Patients with moderate elevations in biomarkers
but inconclusive imaging (LI-RADS 3) may undergo fol-

low-up imaging and biomarker checks at shorter intervals.

For LI-RADS 4 patients with significantly elevated
HGF and IL-6 or the presence of ctDNA, clinicians might re-
commend immediate diagnostic biopsy or direct treatment
options, such as ablation or resection, given the higher likeli-

hood of malignancy.

This individualized approach reduces unnecessary
procedures for low-risk patients while enabling early inter-
vention for high-risk cases, potentially improving survival

rates.
3. Non-Invasive Early Detection

This study emphasizes the utility of combining
serum biomarkers and liquid biopsy markers with imaging,
making it possible to detect malignancy at an earlier stage
than imaging alone might allow. Non-invasive methods like
these are particularly beneficial in high-risk patients with
cirrhosis or chronic liver disease, where early-stage HCC de-
tection is essential for curative treatment options. For ins-

tance:

An algorithm could prioritize LI-RADS 3 patients
with rising AFP-L3 and detectable ctDNA for more rigor-
ous monitoring, while other LI-RADS 3 cases with stable

biomarkers may continue routine surveillance.

Early intervention in these cases, while the lesion
is small, can significantly impact prognosis, as early HCC is
more responsive to treatment and offers a better chance of

long-term remission.

4. Supporting Personalized Medicine

The study provides clinicians with the tools need-
ed for personalized patient care based on biomarker profiles
and genetic markers found in ctDNA. Patients can receive
individualized treatment plans that match their unique risk

profiles, which are identified through multi-modal assess-
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ments: For example, patients with LI-RADS 4 lesions show-
ing high levels of VEGF and HGF may benefit from anti-an-
giogenic therapies alongside local interventions. Additional-
ly, identifying specific tumor mutations through ctDNA can
allow for targeted therapies, improving outcomes and poten-
tially reducing side effects by avoiding less effective treat-

ments.
5. Informing Clinical Guidelines

This study’s multi-modal approach offers a model
that could be incorporated into liver cancer management
guidelines, standardizing how biomarkers, liquid biopsy re-
sults, and imaging are used together to stratify patients
based on malignancy risk. Such guidelines could recom-
mend initial imaging with serum biomarkers, followed by
liquid biopsy if initial results are inconclusive. This ap-
proach would help clinicians balance the need for early de-
tection with the avoidance of unnecessary invasive proce-

dures.
6. Improved Patient Outcomes

Early detection facilitated by this comprehensive
approach directly impacts patient outcomes by identifying
cancer in its early stages, when it is more treatable. Early in-
tervention options, including resection or ablation, offer a
higher likelihood of curative treatment. This strategy also al-
lows for ongoing monitoring through liquid biopsies and
biomarker assessments, offering a non-invasive option for

tracking disease progression or recurrence.

This study presents a promising foundation for ad-
vancing hepatocellular carcinoma (HCC) detection and ma-
nagement through a multi-modal approach integrating
imaging, serum biomarkers, and liquid biopsy. The further
research will befocus on validating these biomarkers in larg-
er, diverse populations and exploring additional novel bio-
markers to improve diagnostic accuracy and therapeutic gui-

dance.
1. Validation in Larger Cohorts

One essential step is to validate the findings across
larger, multicenter cohorts that encompass a wider range of
demographics, including patients with different etiologies

of liver disease, such as viral hepatitis, non-alcoholic fatty
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liver disease (NAFLD), and alcoholic liver disease. Expand-
ing the study population can help to us determine whether
the observed biomarker patterns are consistent across vari-
ous patient profiles and disease backgrounds. Additionally,
larger studies can examine the sensitivity and specificity of
each biomarker, such as AFP-L3, HGF, and IL-6, in predict-
ing early HCC, enhancing the clinical applicability of these
biomarkers. A well-validated biomarker panel with consis-
tent predictive values can then be integrated into routine
practice for HCC screening and monitoring, increasing con-

fidence in non-invasive methods for early detection.

2. Longitudinal Studies for Prognostic Value

Future studies should also adopt a longitudinal ap-
proach, tracking patients over time to better understand
how biomarker levels evolve as HCC progresses. By regular-
ly monitoring biomarkers in LI-RADS 3 and LI-RADS 4 pa-
tients, researchers can identify which markers are most pre-
dictive of progression to overt malignancy. This approach
would also help to us distinguish biomarkers that are tran-
siently elevated due to liver inflammation or other benign
conditions, refining the interpretation of biomarker fluctua-
tions. Such longitudinal data could provide insights into op-
timal timing for surveillance and intervention, potentially al-
lowing clinicians to personalize follow-up protocols based

on individual biomarker trends.
3. Exploration of Novel Biomarkers

Emerging biomarkers, including microRNAs (miR-
NAs) and extracellular vesicles, have shown potential in de-
tecting and monitoring cancer progression. For instance,
specific miRNAs such as miR-122 and miR-21 are known to
be involved in liver carcinogenesis and could serve as ad-
junct markers for early HCC. Exploring combinations of th-
ese novel biomarkers with traditional serum markers like
AFP and AFP-L3 could create a more comprehensive bio-
marker panel with improved accuracy for early detection.
Extracellular vesicles, which contain DNA, RNA, and pro-
teins shed by tumor cells, represent another promising av-
enue for non-invasive HCC diagnostics, particularly in de-
tecting genetic alterations that may not be evident in blood-

-based liquid biopsy.
4. Investigation of Biomarker Interactions
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Understanding the interactions between biomark-
ers and their combined effect on HCC detection and pro-
gression is another critical area for further research. For ins-
tance, investigating how markers like HGF and TGF-f inter-
act with inflammatory markers (e.g., IL-6 and CRP) could
provide insight into the biological pathways driving HCC.
Research could examine whether certain biomarker combi-
nations are associated with specific genetic mutations, there-
by offering potential therapeutic targets. These insights
could guide clinicians in selecting targeted therapies for pa-
tients based on their biomarker profile, moving towards per-

sonalized treatment strategies in HCC management.
5. Biomarker-Guided Treatment Response Studies

Biomarkers can also play a role in monitoring re-
sponse to treatment. Further studies could investigate
whether certain biomarkers, such as ctDNA or CTCs, de-
crease in response to therapies like transarterial chemoem-
bolization (TACE) or systemic treatments. If successful, th-
ese biomarkers could serve as non-invasive tools for evaluat-
ing treatment efficacy, potentially reducing the need for fol-
low-up biopsies and invasive testing. For example, declining
ctDNA levels post-treatment could indicate tumor shrink-

age or remission, allowing for timely adjustments in thera-

py.

6. Integration with Machine Learning

The application of machine learning to analyze bio-
marker and imaging data is a promising direction for re-
search. Using machine learning algorithms, researchers can
identify complex patterns within large biomarker datasets
and imaging findings, potentially unveiling new predictive
markers for early HCC detection. By integrating multi-mo-
dal data, machine learning could enhance diagnostic algo-
rithms, creating predictive models that clinicians can apply
in real-time to assess malignancy risk. This technology
could also facilitate the development of risk stratification
tools, guiding clinicians in tailoring follow-up and treat-

ment plans based on individual risk profiles.
7. International Guidelines and Consensus Studies

As biomarkers gain validation, further research
should focus on establishing international guidelines for

their use in clinical practice. This would involve consensus
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studies across multiple regions, particularly those with high
HCC incidence, to harmonize biomarker cut-off values and
protocols for HCC surveillance. Consistent guidelines
would ensure that patients globally benefit from validated,
reliable biomarker-driven strategies, standardizing care and

improving early HCC detection.

In summary, while this study offers an effective
multi-modal approach to HCC detection, further research
is necessary to validate these biomarkers in larger popula-
tions and explore additional markers that could enhance di-
agnostic precision. Longitudinal studies, exploration of nov-
el biomarkers, and biomarker-guided treatment response
monitoring will be essential in advancing this field.
Through these future studies, a more refined, non-invasive
diagnostic and monitoring framework can be developed, ul-

timately improving outcomes for patients at risk of HCC.

Conclusion

This study emphasizes the importance of utilizing
a multi-modal approach that integrates serum biomarkers,
liquid biopsy markers, and imaging findings for the effec-
tive assessment and management of LI-RADS 3 and 4 le-
sions, particularly in patients at risk for hepatocellular carci-
noma (HCC). LI-RADS 3 and 4 lesions represent a diagnos-
tic challenge due to their intermediate and probable likeli-
hood of malignancy. Traditionally, imaging findings alone
have been the cornerstone of liver lesion assessment. How-
ever, this study demonstrates that incorporating serum bio-
markers and liquid biopsy technologies can enhance the de-
tection of early-stage HCC and improve the clinical manage-

ment of indeterminate liver lesions.
1. Serum Biomarkers and Their Diagnostic Utility

Serum biomarkers such as alpha-fetoprotein (AF-
P), AFP-L3, hepatocyte growth factor (HGF), and interleuk-
in-6 (IL-6) have long been associated with liver cancer detec-
tion, particularly HCC. This study reaffirms their critical
role in the diagnostic process, especially when assessing LI-
RADS 3 and 4 lesions. While AFP remains a widely used
marker, its limitations in sensitivity and specificity are well--
documented, particularly in early-stage liver cancer. Howev-
er, combining AFP with its isoform AFP-L3 provides en-

hanced diagnostic accuracy, as AFP-L3 is more specific to

JScholar Publishers

21

HCC. This study found that elevated levels of AFP-L3, espe-
cially when combined with raised AFP levels, are strong in-

dicators of probable malignancy in LI-RADS 4 lesions.

In addition, growth factors such as HGF and in-
flammatory markers like IL-6 are shown to have diagnostic
value, especially in predicting malignancy in indeterminate
liver lesions. HGF, which is involved in liver regeneration
and tumor growth, was significantly elevated in patients
with LI-RADS 4 lesions, suggesting that its inclusion in rou-
tine clinical evaluations can help identify patients at risk of
malignant transformation. Similarly, IL-6’s role as a pro-in-
flammatory cytokine linked to chronic inflammation and tu-
morigenesis underscores its importance in predicting liver
cancer progression. These biomarkers, in combination with
imaging, provide a more nuanced understanding of the biol-
ogy of liver lesions and help to stratify patients based on
their risk for HCC.

2. Liquid Biopsy Markers: ctDNA and CTCs

The advent of liquid biopsy technologies, particu-
larly circulating tumor DNA (ctDNA) and circulating tu-
mor cells (CTCs), offers a significant breakthrough in the
non-invasive monitoring of liver cancer. This study unders-
cores the potential of ctDNA and CTCs in providing molec-
ular insights into liver lesions that imaging alone cannot cap-
ture. In LI-RADS 4 lesions, ctDNA was elevated in a subs-
tantial proportion of patients, indicating tumor-specific ge-
netic alterations that suggest malignant transformation. The
presence of ctDNA, even in the absence of significant imag-
ing changes, can serve as an early molecular marker of hepa-
tocarcinogenesis, allowing for earlier diagnosis and interven-

tion.

CTCs, which are indicative of tumor dissemina-
tion and metastatic potential, were detected in a notable per-
centage of patients with LI-RADS 4 lesions. Their presence
correlates strongly with tumor aggressiveness and the likeli-
hood of progression to advanced HCC. The detection of
CTCs provides a valuable tool for identifying patients at
risk for metastasis and guiding more personalized treat-
ment strategies. By combining ¢tDNA and CTC analysis
with traditional biomarkers, clinicians can gain a compre-
hensive view of the molecular landscape of liver lesions, fa-

cilitating more accurate diagnoses and tailored treatment
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plans.

3. The Future of Biomarker-Driven Personalized

Treatment

This study suggests that the integration of serum
biomarkers and liquid biopsy markers into routine clinical
practice could revolutionize the management of liver le-
sions, particularly those classified as LI-RADS 3 and 4. The
ability to detect molecular alterations, assess tumor biology,
and predict malignancy through non-invasive means opens
new avenues for personalized medicine in liver cancer.
With further research and validation, biomarker-driven ap-
proaches could lead to the development of individualized
treatment plans, where patients receive tailored interven-

tions based on their specific tumor biology and genetic pro-
files.

In conclusion, this study highlights the value of
combining traditional serum biomarkers, such as AFP, AF-
P-1L3, HGF, and IL-6, with cutting-edge liquid biopsy mark-
ers like ctDNA and CTCs. This multi-modal approach of-
fers a more comprehensive and precise method for detect-
ing early-stage HCC, predicting tumor progression, and
guiding personalized treatment strategies for patients with
indeterminate liver lesions. Future studies should focus on
validating these findings and expanding the role of biomark-

ers in the ongoing effort to improve early detection, progno-
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sis, and treatment outcomes for liver cancer patients.
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