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Abstract: Cirrhotic liver nodules can progress to hepatocellular carcinoma (HCC) through

a multi-step carcinogenesis model, with dysplastic nodules being particularly high risk.
Currently, monitoring the progression of non-HCC cirrhotic nodules is primarily through
dynamic observation, but there is a lack of sensitive, efficient, and convenient methods.
Dynamic monitoring and risk evaluation of malignant transformation are essential for timely
treatment and improved patient survival rates. Routine liver biopsies are impractical for
monitoring, and imaging techniques like ultrasound, computed tomography, and magnetic
resonance imaging are not suitable for all patients or for accurately assessing subcentimeter
nodules. Identifying serum biomarkers with high sensitivity, specificity, and stability, and
developing a multi-index evaluation model, may provide a more convenient and efficient
approach to monitoring pathological changes in cirrhotic nodules.
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Introduction

Cirrhotic nodules (CNs) are hepatocyte nodules
caused by continuous hepatocyte damage and
matrix component proliferation in liver cirrhosis
and can be classified into regenerative nodules
(RNs), dysplastic nodules (DNs), and hepatocel-
lular carcinoma (HCC). Dysplastic nodules are
further categorized into low-grade DN (LGDN)
and high-grade DN (HGDN) based on cellular
atypia. The malignant transformation rate of CN
tends to increase progressively through the stages
of RN, LGDN, and HGDN. Studies have shown
that DN has higher growth and malignant rates
compared to RN, with HGDN significantly
higher than LGDN.!? Long-term observations
have found that some CNs either disappear or
remain unchanged. Kobayashi et al.?> observed
154 patients with small hepatic nodules, finding
that 18.8% developed into HCC during the
observation period, with a 5-year cumulative inci-
dence of HCC at 12.4% for RN, 36.6% for
LGDN, and 80% for HGDN, indicating a higher

malignant transformation possibility for HGDN
compared to RN and LGDN. Consequently,
some CNs can progress to HCC through the
RN-LGDN-HGDN multi-step carcinogenesis
pathway. Given that the 5-year survival rate of
advanced HCC is less than 10%,* assessing and
monitoring the risk of CN malignant transforma-
tion is crucial for early prevention and treatment
of HCC.

Unlike other malignant tumors, the imaging diag-
nosis of HCC is more reliable. Despite variations
in the management strategies recommended by
The American Association for the Study of Liver
Diseases (AASLD), European Association for the
Study of the Liver (EASL), and Asian Pacific
Association for the Study of the Liver (APASL),
all suggest ultrasound examinations every
6months>7 (Table 1). However, contrast-
enhanced ultrasound (CEUS), computed tomog-
raphy (CT), and magnetic resonance imaging
(MRI) are particularly significant for diagnosing
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Table 1. Differences between AASLD, EASL, and APASL guidelines on the management of hepatocellular

carcinoma.
Different contents AASLD EASL APASL
Screening intervals and 6months, US (and/or 6months, US 6months, US and AFP
modality AFP]
Radiological diagnosis CT/MRI CT/MRI CT/MRI/Gd-EOB-DTPA-
enhanced MRI
CEUS No recommendation =1cm @ Sensitivity is consistent

Uncertain nodule Imaging examination
follow-up/contrast

enhancement/biopsy

Not recommended for
regular applications

Liver biopsy

with CT and MR

Other imaging Further examination

examination

Uncertain nodule
(=1cm @)

Diagnosis of non-HCC
cirrhosis

AASLD, The American Association for the Study of Liver Diseases; AFP, alpha-fetoprotein; CEUS, contrast-enhanced
ultrasound; Gd-EOB-DTPA, gadolinium ethoxybenzyl diethylenetriamine penta-acetic acid; HCC, hepatocellular

carcinoma; US, ultrasound.

DN, especially HGDN patients. Most guidelines
recommend a biopsy if imaging fails to provide a
definitive diagnosis. While liver biopsy is invalu-
able for the definitive diagnosis of CN, it is
impractical to perform on all CNs due to their
size and the complications associated with liver
puncture. Additionally, liver biopsy is prone to
sampling errors and observer variability,® mean-
ing a negative result cannot entirely rule out
HCC, necessitating a comprehensive assess-
ment incorporating imaging and serum-related
indicators.®

Monitoring CN is crucial for the early identifica-
tion and treatment of HCC, and predicting the
risk of malignant transformation is significant for
early intervention. Most researchers have
invested their funding and efforts into studies on
the treatment of HCC, but compared to early
intervention, the benefits to patients are clearly
limited. Although many studies have evaluated
HCC risk factors,10 there is a paucity of research
on the mechanisms underlying CN malignant
transformation. While the risk factors for CN
malignant transformation may overlap with those
of HCC, CN patients require more sensitive and
specific monitoring programs for effective early
prevention and treatment of HCC. This review
aims to clarify how to improve the detection of
new nodules and predict the risk of these nodules
developing into HCC in cirrhotic patients at risk
of HCC.

Methods

By setting keywords such as “cirrhotic nodule,”
“liver nodule,” “hepatocellular carcinoma,” “liver
cancer,” “precancerous lesion,” and “dysplastic
nodule,” a search was conducted for relevant lit-
erature in the “PubMed,” “Web of Science,” and
“Google Scholar” databases. In addition, further
secondary searches were performed through cita-
tions. Finally, the relevance of the literature was
assessed by reviewing abstracts, and the selected
studies were summarized and compiled.

Liver biopsy

Histopathology

Pathological examination can classify CN based
on hepatocyte morphology and angiogenesis.
Therefore, direct surgery or liver biopsy is the
most accurate method to characterize and evalu-
ate CN. However, distinguishing early hepato-
cellular carcinoma (eHCC) from DN, especially
HGDN, can be challenging!! (Table 2).
Combining histological and disease characteris-
tics may provide valuable references for monitor-
ing CN malignancy. Since changes in fat content
within nodules are histopathological features of
HGDN and HCC, fat infiltration in lesions may
be a significant risk factor for the vasculariza-
tion of hypovascular nodules.!? Thus, the accu-
mulation of fat in CN could indicate a shift
toward dysplasia. Furthermore, the malignant
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Table 2. Differences in histological characteristics of DN and eHCC.

Histological characteristics LGDN HGDN eHCC
Small cell dysplasia - + +
Large cell dysplasia +/- +/- -
Degree of cell atypia Mild Moderate to severe Severe
Nuclear/cytoplasmic ratio +/- + +
Hyperchromasia/nuclear atypia - + +
Increased cell density compared with <1.3times 1.3to 2 times >2 times
surroundings

Pseudoglands - +/- +
Portal tract T 4/ -
Reticular scaffold + + +/-
Unpaired arteries +/- +/- +
Interstitial infiltration - - +/-
Nodule-in-nodule - - +/-

eHCC, early hepatocellular carcinoma; DN, dysplastic nodule; HGDN, high-grade DN; LGDN, low-grade DN.

transformation of CN is influenced by the sur-
rounding microenvironment. A study by Borzio
et al.! demonstrated that when histopathology
indicates the presence of both HGDN and extran-
odular large cell changes, the risk of HCC devel-
opment is significantly higher compared to when
these conditions exist separately. Therefore,
changes in the microenvironment within and
around CN may be crucial in promoting CN
malignancy. Immunohistochemical detection
aids in distinguishing different cell types and
functions, providing a clearer diagnosis for the
qualitative assessment and prognosis of CN.
Consequently, detecting markers of abnormal
proliferation and metabolism in different CNs
can help identify abnormal cell populations and
determine the likelihood of HCC.

Abnormal proliferation markers

One important characteristic of tumor cells is
their abnormally increased proliferation. Factors
reflecting cell proliferation activity are significant
for understanding the malignant transformation
of CN. Ki-67 is a nuclear antigen related to pro-
liferating cells, and DNA topoisomerase II-a

(Topo II-a) is an important enzyme in DNA
metabolism. The expression of Ki-67 and Topo
II-a in hepatocyte nuclei within nodules increases
significantly with the transition from CN to HCC,
reflecting abnormal changes in hepatocyte prolif-
eration and serving as markers for the pathologi-
cal detection of CN malignancy.!3-1> Proteins
regulating cell proliferation, such as glypican-3
(GPC3) and squamous cell carcinoma antigen
(SCCA), also promote HCC through various
signaling pathways. GPC3 regulates tissue and
organ growth by influencing multiple molecular
pathways,!6 with its expression significantly
higher in HGDN than in LGDN.!7 SCCA-1
inhibits tumor infiltration of natural killer cells,
suppresses tumor cell apoptosis, and promotes
proliferation,!® with its expression increasing in
chronic liver disease, DN, and HCC, but not in
normal hepatocytes.!® These findings suggest that
proteins involved in cell proliferation are closely
related to CN malignancy and can predict CN
malignancy, especially in HGDN patients with
hepatitis B or C virus (HBV or HCV).

The transforming growth factor B (TGF-B) pro-
tein family, which encodes cell proliferation,
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differentiation, and growth, remains controversial
in HCC formation.?® TGF-B1 can promote
tumor cell apoptosis through downstream Smad
proteins in the early stages of HCC formation?!
and enhance tumor cell progression and metasta-
sis by inducing immune escape, promoting epi-
thelial-mesenchymal transition, and angiogenesis
in the late stages of HCC.22 The mechanism of
TGF-B1 transformation is unclear and may
depend on its source and dominant effect.
Consequently, the prognostic value of TGF-1
for CN malignant transformation is still
uncertain.

Ductular reaction markers

The ductular reaction (DR) is reactive bile duct
hyperplasia induced by liver injury, involving bile
duct cells, hepatocytes, and hepatic progenitor
cells. Previous studies have confirmed that DR
disappears in the invasive areas of early HCC but
is abundantly expressed in most noninvasive
areas. It is a sign of hepatocyte regeneration in
patients with chronic liver disease, particularly in
advanced nonalcoholic fatty liver disease
(NAFLD).23 Research by Clerbaux et al.?* sug-
gests that DR promotes the formation of hepato-
cyte nodules during liver injury, which may
explain the increased expression of DR in CN.
Therefore, monitoring the expression of
DR-related indicators in pathological tissues such
as cytokeratin 7 (CK7), and CK19 may have sig-
nificant implications for the malignant transfor-
mation of CN. In addition, epithelial cell adhesion
molecule (EpCAM) is one of the markers of
hepatic progenitor cells. Zhang et al.?> found that
EpCAM is abundantly expressed in noninvasive
tissues and RNs and DN, but not in HCC tissues.
The study by Pei-Pei Hao et al. also demon-
strated that EpCAM(+)/CD133 (=) hepatic pro-
genitor cells do not have the ability for spontaneous
malignant transformation.26 However, most stud-
ies suggest that EpCAM is associated with a poor
prognosis in HCC.?7:28 In these studies, EpCAM
is considered a marker of liver cancer stem cells,
differing from the cell source of DR. Liver cancer
stem cells express various markers, such as
EpCAM, CD133, and CD44, which differ from
the markers found in cells derived from DR.
Current research has confirmed that HCC pri-
marily originates from fully differentiated hepato-
cytes, while benign lesions, such as RN, originate
from hepatic progenitor cells.?° However, hepatic
progenitor cells can also transform into tumor

cells under certain conditions, which may depend
on the type of liver injury and carcinogenic pat-
terns.3? The different origins of tumor cells under
different liver microenvironments may explain
the conflicting results regarding EpCAM in HCC
research. HCC derived from hepatocyte transdif-
ferentiation may show a lack of EpCAM expres-
sion, while HCC originating from hepatic
progenitor cells may show increased EpCAM
expression. Therefore, EpCAM, combined with
other markers such as CD133, CD44, CK7, or
CK19, may effectively improve the identification
of the malignancy potential of nodules. Further
research is needed to clarify the primary origins of
tumor cells in different types of liver injury and
liver cancer.

Others

Hepatitis virus can cause DNA damage in hepat-
ocytes, which is closely related to the occurrence
of HCC. Phosphorylated histone H2AX (y-
H2AX) is a sensitive marker for DNA double-
strand breaks and recruits various molecules
involved in DNA repair.3! Matsuda et al.3?
detected the level of y-H2AX in the liver tissue of
patients with chronic hepatitis, cirrhosis, DN,
and HCC. Their results showed a significant
increase in y-H2AX expression from normal liver
tissue to hepatitis and then to cirrhosis, with DN
exhibiting significantly higher levels than cirrhosis
and HCC. Additionally, y-H2AX expression was
negatively correlated with the histological grade
of HCC, and its expression in adjacent tissues
was significantly higher than in cirrhotic tissues.
This suggests that y-H2AX may play a crucial
role in the early stages of carcinogenesis and is an
important factor in CN malignancy. Furthermore,
the crosstalk between liver sinusoidal endothelial
cells and other perisinusoidal cell populations is
vital in liver regeneration and angiogenesis associ-
ated with HCC development.33 Therefore, indi-
cators related to the dedifferentiation of sinusoidal
endothelial cells in CN, such as von Willebrand
Factor (vWF),3* may provide valuable references
for assessing CN malignancy. Other HCC-
related molecular markers include heat-shock
protein 70 (HSP70), enhancer of zeste homolog
2 (EZH2), and glutamine synthetase (GS).35
While these molecular markers have some sig-
nificance in suggesting the malignant transfor-
mation of CN or HCC formation, their relevance
in CN monitoring needs further confirmation.
Additionally, due to tissue differences in early
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HCC, the combination of multiple molecular
markers may prove more valuable, such as
HSP70, GPC3, and GS.3¢

Genetic testing

The excessive proliferation of hepatocytes
induced by various factors can promote muta-
tions in genes related to cell proliferation and
death, leading to the clonal expansion of mutant
cells and their malignant transformation.3’
Genetic mutations accumulate gradually in the
early stages of CN and accelerate during the pro-
gression from CN to HCC.3® Screening for spe-
cific tumor suppressor genes provides critical
information for the early detection and treatment
of HCC. Multiple chromosomal regions, such as
1p, 4q, 69, 8p, 9p, 10q, 11p, 13q, 14q, 16p, and
17p, can undergo chromosomal fragment acqui-
sition, loss, translocation, and loss of heterozygo-
sity (LOH) in HCC.37 These regions often involve
well-known tumor suppressor gene loci. Previous
studies have identified that the increased copy
number of chromosomal regions such as 1q21-
2339 and 7q21.3%° may be early genomic events in
HCC. Simultaneously, the LOH in multiple
chromosomal regions, such as 1p, 4q, and 8p,
increases progressively from cirrhosis to HGDN,
including loci D1S2843 and D1S513 in the 1p36-
p32 region.#1:42 This trend supports the transition
from RN to DN and ultimately to HCC, suggest-
ing that the LOH of loci such as D1S2843 and
D1S513 is a significant risk factor for the malig-
nant transformation of CN.

With the advancement of HCC sequencing
research, an increasing number of mutant genes
have been identified. Telomerase reverse tran-
scriptase (TERT), tumor protein p53 (TP53),
and catenin beta 1 (CTNNBI1) are among the
most common genetic variants.43-4> The expres-
sion of these genes in HCC and HGDN with
malignant potential is consistent, while there is no
significant change in HGDN without malignant
potential,*6:47 suggesting they may be risk factors
for the conversion of HGDN to HCC. Among
these, mutations in the TERT promoter may
represent the earliest recurrent somatic clonal
genetic alterations, leading to telomerase reacti-
vation and promoting the malignant transfor-
mation of nodules.#® Additionally, certain
miRNAs and DNA methylation patterns also
show significant changes associated with CN
malignancy. Studies have shown that miR-145

and miR-199b are gradually downregulated
from LGDN to early HCC, while miR-224 and
DNA methyltransferases (DNMTs) such as
DNMTI1, DNMT3a, and DNMT3b are
upregulated.49-31

Although various genes are correlated with CN
malignancy, only a few drive the expansion and
invasion of cancer cells. The regulatory genes
involved in HCC formation are not yet fully
understood, and their prognostic value for CN
requires cautious interpretation. Additionally,
micronuclei (MN), which are manifestations of
chromosomal aberrations in interphase cells, con-
tain damaged chromosome fragments and/or
complete chromosomes.>2 Current studies indi-
cate that the number of MNs gradually increases
during the transition from RN to DN and HCC,
with a significantly higher incidence in DN com-
pared to RN.33:54 This suggests the potential value
of MN in assessing the risk of CN malignancy,
though further clinical evidence is needed.

Imaging examinations

The American Association for the Study of Liver
Diseases (AASLD) recommends ultrasound (US)
and/or alpha-fetoprotein (AFP) examinations
every 6 months for patients at high risk of HCC.
Considering the economic cost and potential
harm, CT and MRI are not recommended as
first-line screening tools.>> However, the US can-
not distinguish between RN and DN, and CEUS
cannot differentiate between intrahepatic cholan-
giocarcinoma (ICC) and HCC.5% When CN is
detected by the US, advanced imaging methods
with contrast agents, including CT, MRI, and
CEUS, are necessary to evaluate its properties.

Although the typical enhancement and washout
patterns seen in CT and MRI are highly specific
for HCC, their sensitivity is low. Approximately
30% of HCC cases do not exhibit these typical
features, which can lead to missed diagnoses.>”
This may be because the vascular system in early
HCC is not fully developed, a scenario that is also
likely in the malignant transformation of HGDN.
Since metabolic dysfunction in hepatocytes may
precede angiogenesis in early HCC formation,>8
detecting early abnormal liver cells could indicate
the onset of carcinogenesis. Compounds that tar-
get hepatocytes, such as gadolinium ethoxybenzyl
diethylenetriamine penta-acetic acid (Gd-EOB-
DTPA), can enhance the sensitivity of HCC
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diagnosis.>® Carlo Bartolozzi et al.®® analyzed 102
nodules using Gd-EOB-DTPA-enhanced MRI,
finding that hyperenhancement in the arterial
phase and hypointensity in the late phase are spe-
cific indicators of HCC. Nodular hypointensity in
the hepatobiliary phase was detected in 39 of 40
HCCs and in 21 of 30 HGDNs, but not in
LGDN. A study by Tatsuya Shimizu et al.®!
found that hepatobiliary-phase hypointense nod-
ules without arterial phase hyperenhancement on
Gd-EOB-DTPA-enhanced MRI were closely
related to the subsequent development of hyper-
vascular HCC. This relationship may be influ-
enced by the initial size of the nodule. Utaroh
Motosugi et al.%2 studied 135 hypovascular nod-
ules and found that nodules larger than 10mm
and containing fat were high-risk factors for
hypervascularization. A systematic review indi-
cated that the critical size for CN malignant
transformation is 9 mm.% Additionally, the pres-
ence of hypointensity in the hepatobiliary phase,
along with hyperintensity in the arterial phase and
on diffusion-weighted imaging (DWI), highly
indicates the malignant transformation of
HGDN.>® Therefore, although most current
guidelines do not list hepatobiliary-phase hypoin-
tensity as a standard for HCC imaging diagnosis,
the monitoring period should be shortened for
hypointense nodules in the hepatobiliary phase
observed on Gd-EOB-DTPA-enhanced MRI,
especially in HGDN.

Similarly, Gd-EOB-DTPA-enhanced MRI also
holds significant predictive value for the postop-
erative recurrence of HCC. Recent studies have
shown that the presence of hypointense nodules
in the hepatobiliary phase without obvious arte-
rial phase hyperenhancement before surgery is an
important predictor of postoperative HCC recur-
rence.%4% A retrospective study by Inoue et al.”
found that the intrahepatic distant recurrence
rates within 5years following radiofrequency
ablation were significantly higher in patients with
non-hypervascular hypointense nodules com-
pared to those without (89.1% vs 48.7%).
Further, the study by Matsuda et al.®®¢ demon-
strated that 20.7% of late recurrence cases origi-
nated from hepatobiliary-phase hypointense
nodules without arterial phase hyperenhance-
ment, while the remaining 79.3% of late recur-
rence cases originated from regions where no
nodule was initially detected. These findings sug-
gest that hepatobiliary-phase hypointense nod-
ules without arterial phase hyperenhancement are

not only indicative of high malignancy but also
serve as independent risk factors for HCC occur-
rence throughout the liver. Given the multicentric
nature of HCC, the emergence of new CN after
surgery may indicate a higher risk of malignant
transformation.

Additionally, the growth rate of CN is a crucial
risk factor for their malignant transformation,
especially when characterized by hypointensity in
the hepatobiliary phase. Higaki et al.®® conducted
a follow-up study of 33 patients with 60 hepato-
biliary-phase hypointense nodules and found that
the growth rate of nodules showing hypervascular
transformation (6.3 = 4.5mm/year) was signifi-
cantly higher than that of nodules without hyper-
vascular transformation (3.4 = 7.2mm/year).
This indicates that growth rate is a significant pre-
dictor of hypervascular transformation. Another
retrospective study demonstrated that an abso-
lute growth rate of 5mm or greater in 6 months or
a relative growth rate of 30% or greater in
6 months is closely related to CN malignant trans-
formation.”® For subcentimeter CN in patients
with a history of HCC, vigilance should be height-
ened if there is arterial phase enhancement. Song
et al.”! found that 89.9% of subcentimeter hyper-
vascular nodules progressed to HCC within
12 months in patients with a history of HCC, and
the progression rate for nodules larger than
5.5mm was 100%. However, most studies rely on
imaging examinations without pathological verifi-
cation, which may result in false positives.
Nevertheless, sufficient attention should be paid
to subcentimeter CN in patients with a history of
HCC. For CN larger than 1cm, imaging should
be the primary detection method. It is important
to note that although imaging results are specific,
they cannot absolutely exclude HCC. For CN
with nonspecific signs, liver biopsy should still be
performed, along with close observation using
other indicators.

Gd-EOB-DTPA-enhanced MRI is widely used in
the clinical detection of CN. RN retains hepato-
cyte function and lack angiogenesis, typically not
visible on T'1 and T2 weighted imaging, but their
signal intensity can change due to iron, glycogen,
and lipid content.”? Both RN and LGDN show
iso to hyperintensity in the hepatobiliary phase,
making them difficult to distinguish, but this has
no adverse consequences. HGDN and eHCC
show hypointensity in the hepatobiliary phase,
distinguishable by hyperintensity in both DWI

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

Z Xiao, F Yang et al.

and T2. For some difficult-to-distinguish cases of
DN and eHCC, research has utilized the patho-
logical characteristic of reduced iron content dur-
ing nodule malignancy transformation to develop
MRI-based quantitative iron analysis methods.”?
These algorithms may help improve the accuracy
and sensitivity of MRI diagnosis, though further
clinical validation is still needed. Most studies
suggest that MRI is more sensitive than CT,7#
although some are based on retrospective data at
risk of bias. Current evidence is insufficient to
determine which modality is more sensitive, but
the contrast media used in both are not suitable
for patients with renal failure. The microbubble
contrast agent used in CEUS has not shown
nephrotoxicity, making it safer for patients with
renal failure, and more sensitive for detecting
arterial phase hyperenhancement (APHE) than
CT and MRI.?> At the same time, CEUS has also
shown good accuracy and sensitivity in distin-
guishing different types of nodules. For example,
the study by Yu Duan et al. suggests that a multi-
variate regression model constructed using quali-
tative CEUS characteristics and the contrast
arrival time ratio can effectively differentiate
between RN, DN, and HCC.”® However, CEUS
is less reliable than CT and MRI in assessing
changes in CN size due to variability among
examiners. Thus, the method of clinical monitor-
ing of CN should be selected based on the
patient's condition.

The widely accepted view is that patients with
CN should undergo enhanced MRI, enhanced
CT, or CEUS at least once every 6months.
However, when monitoring CN via imaging, fac-
tors such as the patient's anxiety, financial bur-
den, and the risk of malignancy should be taken
into account. Due to the lack of comparative eval-
uations of proactive interventions, such as inter-
ventional procedures or surgical resection, it
remains uncertain whether early intervention is
the optimal choice for HGDN. However, some
researchers suggest shortening the monitoring
interval for high-risk nodules. For example, the
2024 Guidelines for Diagnosis and Treatment of
Primary Liver Cancer in China recommend that
high-risk nodules, which cannot be clinically
diagnosed as liver cancer, undergo imaging exam-
inations every 2-3months, along with serum
AFP, des-gamma-carboxy prothrombin (DCP),
and a combination of seven microRNAs (miR-
122, miR-192, miR-21, miR-223, miR-26a, miR-
27a, and miR-801).77 Chinese Fournal of Practical

Surgery 2024;44(4): 361-386. Article in Chinese).
Therefore, considering the economic burden and
the relatively low risk of malignancy, imaging sur-
veillance every 6 months for RN and LGDN may
be sufficient to monitor disease progression.
However, for HGDN, the interval may need to be
shortened to 3 months.

Serological markers

Serum alpha-fetoprotein (AFP) is a key serologi-
cal marker for diagnosing HCC. Several observa-
tional studies involving patients with CN have
shown that AFP is an independent high-risk fac-
tor for the malignant transformation of subcen-
timeter CN and CN with arterial phase
hyperenhancement as indicated by contrast-
enhanced MRIL. 787 Smereka etal.”” demon-
strated that an AFP threshold of 10.1 ng/mL had
a sensitivity of 52.1% and a specificity of 81.6%
for predicting HCC. Similarly, Marrero et al.80
found that an AFP threshold of 10.9ng/ml. had a
sensitivity of 66% and a specificity of 81%.
Another retrospective analysis revealed that an
AFP threshold of 20ng/mL had a sensitivity of
70.1% and a specificity of 89.8% for HCC detec-
tion.8! These results suggest that 10ng/mL may
be a critical AFP threshold for monitoring CN
malignant transformation, particularly when
other high-risk factors are present.

However, it is important to note that serum AFP
levels can be influenced by various factors, espe-
cially baseline alanine aminotransferase (ALT)
levels and may increase in HCV patients.82
Therefore, AFP is more sensitive to non-HCV-
related liver diseases. Additionally, current
research indicates that several serological mark-
ers, including DCP, Lens culinaris agglutinin-
reactive AFP (AFP-L3), Dickkopf-1 (DKK1),
glypican-3 (GPC-3), alpha-1-fucosidase (AFU),
and squamous cell carcinoma antigen-IgM
(SCCA-IgM), exhibit good sensitivity and speci-
ficity in the early diagnosis of HCC.83:8¢ These
markers may be valuable in predicting CN malig-
nant transformation and combining multiple
markers may further enhance the sensitivity and
specificity of predictions, serving as an effective
supplement to imaging examinations.

In recent years, liquid biopsy, which includes cir-
culating free microRNA, circulating tumor cells,
cell-free DNA (cfDNA), circulating tumor DNA
(ctDNA), free mitochondrial DNA, free viral
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DNA, and extracellular vesicles, has demon-
strated significant value in the early diagnosis and
therapeutic evaluation of HCC.8-88 Tomohiro
Umezu et al.?9 used Streptozotocin to induce a
mouse model of HCC and dynamically observed
the differences in serum miRNA levels between
mice that developed HCC and those that did not
during nodule formation. These results were
compared with clinical studies involving patients
with hepatitis C-related cirrhosis and liver cancer.
The study revealed that the expression levels of
six miRNAs (let-7f-5p, miR-10b-5p, miR-
143-3p, miR-191-5p, miR-21-5p, and miR-
26a-5p) were significantly higher in both the
mouse model and human clinical samples com-
pared to the non-HCC groups, suggesting their
potential as early diagnostic markers for HCC
and for dynamic monitoring of DN. Additionally,
tumor cells can influence platelet mRNA expres-
sion, and detecting specific platelet mRNA
expression may help indicate tumor formation.
For example, Walifa Waqar et al.*° found that the
expression of platelet mRNAs CTNNBI,
SERPINDI1, and SPINKI1 was significantly higher
in HCC patients with cirrhosis than in those with
cirrhosis alone. Given the limitations in the sensi-
tivity of imaging techniques, especially for detect-
ing subcentimeter nodules, liquid biopsy may
become a powerful supplement or even a replace-
ment for imaging in monitoring nodules, poten-
tially reducing the need for liver biopsy. However,
liquid biopsy still faces challenges related to sensi-
tivity, cost, and accessibility, which require large-
scale clinical studies and the development of
cost-effective and efficient detection methods.

Others

Patients with HBV and HCV-related cirrhosis
have a higher incidence of HCC,°! and the combi-
nation of viral infection and alcohol use may syn-
ergistically accelerate HCC format