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Abstract Hepatocellular carcinoma (HCC) has a very high incidence and fatality rate, and in
most cases, it is already at an advanced stage when diagnosed. Therefore, early prevention
and detection of HCC are two of the most effective strategies. However, the methods recom-
mended in the practice guidelines for the detection of HCC cannot guarantee high sensitivity
and specificity except for the liver biopsy, which is known as the “gold standard”. In this re-
view, we divided the detection of HCC into pre-treatment diagnosis and post-treatment moni-
toring, and found that in addition to the traditional imaging detection and liver biopsy, alpha
fetoprotein (AFP), lens culinaris-agglutinin-reactive fraction of AFP (AFP-L3), protein induced
by vitamin K absence or antagonist-II (PIVKA-II) and other biomarkers are excellent biomarkers
; AFP-L3, lens culinaris-agglutinin-reactive fraction of AFP; AFU, alpha-L-fucosidase; APRI, aspartate
ex; CEUS, contrast-enhanced ultrasound; CT, computed tomography; CTC, circulating tumor cell; FIB-
a-glutamyl transferase isoenzyme II; GP73, golgi glycoprotein 73; GPC-3, glypican-3; HBV, hepatitis B
HCV, hepatitis C virus; LDH, lactic dehydrogenase; MACS, magnetic-activated cell sorting technology;
nance imaging; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NFS,
induced by vitamin K absence or antagonist-II; SCCA-IgM, squamous cell carcinoma antigen-immu-

okine signaling.
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for HCC, especially when they are combined together. Most notably, the emerging liquid biopsy
shows great promise in detecting HCC. In addition, lactic dehydrogenase (LDH), suppressor of
cytokine signaling (SOCS) and other relevant biomarkers may become promising biomarkers for
HCC post-treatment monitoring. Through the detailed introduction of the diagnostic technol-
ogy of HCC, we can have a detailed understanding of its development process and then obtain
some enlightenment from the diagnosis, to improve the diagnostic rate of HCC and reduce its
mortality.
ª 2022 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co.,
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

According to the global cancer statistics in 2018,1 HCC
ranked 7th in number and the death rate ranked 3rd, as
well as the data of 2021 cancer statistics in America2

showed that, HCC ranked 6th in the death rate, indicating
that HCC is a serious worldwide problem. HCC has been
found to be caused by many risk factors, such as hepatitis B
virus (HBV), hepatitis C virus (HCV), aflatoxin and
alcohol.3,4 The most optimal treatment for HCC has still not
been found. Moreover, HCC is insidious and often diagnosed
in the middle or late stage, which leads to the best treat-
ment time is missed and the prognosis is extremely poor.
The present feasible prevention mode is only to avoid
exposure to risk factors, or to conduct regular physical
examinations.

It is undoubtedly important for the diagnosis of HCC. At
present, the main clinical diagnostic methods are labo-
ratory examination, imaging examination and liver biopsy.
lopment of HCC detection tech
e trend of the detection techn
With the development of detection technologies, new
methods such as the triple detection of HCC, other tumor
markers, combined detection and liquid biopsy have
emerged. Although most of them have not been applied in
clinical practice, they have broad prospects. In Figure 1,
advances in HCC detection are listed in chronological
order.

Given the current situation, by consulting many domes-
tic and foreign studies, this review generalized in detail the
technologies that can be used for the early screening and
prognosis monitoring of HCC, while we analyzed some
promising new diagnostic applications to enlighten the
strategies to detect HCC.

Invasive diagnosis of HCC

The invasive diagnosis of HCC mainly refers to the living
tissue examination of liver puncture, which is called the
“gold standard”. In 1923, Bingel performed the first
nologies. Some techniques related to the detection of HCC are
iques shows that the liquid biopsy has become a hot research
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diagnostic percutaneous liver biopsy.5 Its main scope of
applications includes the diagnosis of the chronic hepatitis
and fatty liver, the guidance of liver disease treatment, and
the evaluation of the liver donor’s status before and after
the liver transplantation, especially for HCC. According to a
study,6 41% of suspicious imaging cases were confirmed to
be non-HCC by liver biopsy. Imagine that if these patients
were not confirmed by liver biopsy, they would receive
unnecessary transplants, excisions, and other treatments.
Accordingly, liver biopsy plays an important role in the final
diagnosis.

For most early HCC, liver nodules can be seen in the
imaging examination, so it is particularly important to
judge whether the liver nodules are benign or malignant.
The guidelines for the management of HCC, published in
2001 by the European Association for the Study of the Liver
(EASL),7 showed that 1e2 cm of liver nodules should be
confirmed by biopsy. However, Khalili K et al8 found that
liver nodules of 1e2 cm are only 14%e23% of malignancy.
Liver nodules less than 1 cm are less likely to be HCC, while
EASL recommends an ultrasound every four months.9 And
those larger than 2 cm can be diagnosed by contrast
enhanced, multiphasic computed tomography (CT) or
magnetic resonance imaging (MRI).9,10 At present, there is
no consensus on the management of liver nodules of
1e2 cm. Pathological diagnosis is more challenging for
nodules <2 cm in size, since sampling errors are more likely
to occur and these lesions are often well differentiated.

Given the invasive nature of liver biopsy, it is the “gold
standard” for the final diagnosis, but not the best option for
the early screening.

Noninvasive diagnosis of HCC

With the emergence and development of ultrasound, CT
and MRI technologies, a more complete imaging examina-
tion model has been formed. The so-called noninvasive
diagnosis for HCC mainly refers to imaging examination.

Ultrasound

Mechanical waves with a frequency higher than 20,000 Hz
are usually called the ultrasonic waves, which have two
vibration modes. It is transmitted in human tissues in the
form of a longitudinal wave, which is transmitted and
received by an ultrasonic probe. When the ultrasonic wave
passes through the different tissues with different acoustic
characteristic impedances, the wave can make different
changes, including reflection, refraction, diffraction, scat-
tering, attenuation and Doppler effect. The ultrasound
machine receives these changes, and transforms these
signals into different images to diagnose the human body.
With the development of medicine, acoustics and computer
technology, there are an increasing number of diagnostic
modes in ultrasound (Table 1).

In 1952, D.H.Howry began to study the ultrasound im-
aging,11 after which ultrasound began to be used in clinical
practice, including the HCC detection. For HCC, liver ul-
trasound is the preferred screening method recommended
by all major guidelines. The American Association for the
Study of Liver Disease (AASLD) guidelines (2018)
recommended that liver ultrasound should be performed
every six months in patients with or without alpha feto-
protein (AFP).12 For early HCC, there was no significant
change in the morphology and outline under the liver ul-
trasound images. With the progression of the lesion, the
liver will locally bulge outward, thicken, or even irregularly
shape. Therefore, the acoustic characteristic impedance in
different areas of the liver is different, and the echo in-
tensity of ultrasound images could be used for the patho-
logical classification of HCC.

To enhance the contrast of human tissues under ultra-
sound images, contrast-enhanced ultrasound (CEUS) has
emerged. The first use of CEUS was reported in echocar-
diography by Gramiak and Shah in 1968.13 This was mainly
due to the development of the microbubble contrast agents
and corresponding imaging technology. Microbubbles are
formed by coating gas with a thickness of tens of nano-
meters, which can produce strong sound scattering. It can
increase the difference in the acoustic scattering signal
intensity between the parts with and without contrast
agent, thus increasing the image contrast.14 First, a
contrast agent with different acoustic characteristic im-
pedances from human tissues is injected into the body
cavity or blood vessels. Then, the imaging contrast will be
increased, the display of the viscera or lesion will be
enhanced, and information on blood perfusion will be ob-
tained. In abdominal organs, CEUS can be used for the
qualitative diagnosis of focal liver lesions. In addition, most
HCCs are focal liver lesions and are supplied by the hepatic
artery system through abnormal unmatched arteries.15

Therefore, CEUS can also be used in the qualitative diag-
nosis of HCC. The blood supply mode and the time of the
contrast agent staying in the HCC can be shown, which can
increase the sensitivity of HCC detection compared to the
common ultrasound. The sensitivity of CEUS in HCC detec-
tion proposed in the clinical practice guidelines for the
management of HCC in AsiaePacific (2017) is similar to that
of dynamic CT or dynamic MRI.16 Although the detection
effect of CEUS for HCC has been recognized in many as-
pects, different contrast agents have different degrees of
problems in stability, dispersion, cyclic effective survival
time and so on,17 which limits the clinical application of
CEUS to a certain extent.

Not only the choice of contrast agent, but also the ul-
trasound itself also has some limitations. For instance, the
anatomical range of display is limited, the images are not as
clear as the CT and MRI, and the accuracy of examination
results sometimes depends on the technical level and the
experience of operators.18 With the development of tech-
nology, ultrasound will be increasingly closely related to
the computer, engineering, digital communication and
material science. Based on this trend, ultrasound will be
applied to the accurate diagnosis of HCC.
X-ray CT

Generally, CT refers to X-ray computer body layer imaging.
The basic principle is that an X-ray harness with high
collimation is used to scan the transverse planes of the
human body, and the X-ray through the planes is received
by the detector, which converts the signal into digital



Table 1 Classification of the ultrasonic diagnostic techniques.

Name Introductions Characteristics Applications Ref.

A-type ultrasound The amplitude modulation display
method is adopted to display the
echo amplitude of the tissue
interface

It only reflects the one-dimensional
structure information of human
tissues, without scanning, the image
cannot be called ultrasonic image

Brain, eyeball and
pleural effusion
examination

142

M-type ultrasound The target is propagated with the
sound beam and its displacement
changes with time

It only reflects the one-dimensional
structure information of human
tissue, without scanning, the image
cannot become ultrasonic image

Cardiovascular
system examination

143

B-type ultrasound The brightness modulation display
method is adopted to obtain the
anatomical information of the
human body

It can form a section map by one-
dimensional scanning

It is the most basic
clinical model which
can provide the
anatomical
information of the
human organs

144

Three-dimensional
imaging
technology

It collects and processes a set of
two-dimensional images, and then
carries out three-dimensional
reconstruction

It can obtain C plane or even F
surface which cannot be obtained by
the B-type ultrasound

As a supplement of
the B-type
ultrasound, it can
display stereo images
of the tissues and
organs

145

Color Doppler
ultrasound

It detects the doppler signal from
the echo and converts it into an
image

Color images can be used to show the
direction and relative velocity of the
blood flow

It can get the
information about the
body’s blood flow and
assess the tumor’s
blood supply

146
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information and image information. Human tissues can be
divided into three categories according to density: high
density, medium density, and low density. The high-density
tissues absorb more X-rays so that white shadows will be
shown on the images while fewer X-rays can pass through.
At the same time, the thicker the tissues, the fewer X-rays
can pass through, resulting in white shadows. That is, CT
uses the X-rays to penetrate the tissues of different den-
sities and thickness, then produces different degrees of
absorption to achieve diagnosis.

CT was introduced into clinical practice in 1972 and it
was used only to examine the traumatic brain in the
beginning.19 In 1997, the multi-slice spiral CT emerged.20

The so-called multi-slice meant that the detector had a
multi row structure, and with one exposure, the detector
could simultaneously receive multiple layers of the human
images, making the scanning speed reach the subsecond
level. At present, multi-slice spiral CT has become a routine
examination method for liver diseases and can make qual-
itative diagnosis and evaluations of liver-occupying
lesions.21

The liver lesions described above include the HCC.
Under plain scan CT, most of the HCC lesions are of low
density, while a few of them are of high density. When the
plain scan does not show abnormality but other auxiliary
examinations indicate the possibility of HCC, an enhanced
CT should be performed. The water-soluble organic iodine
contrast agent was injected intravenously into the patient
before scanning. At this time, the density of the lesions can
be increased because of the iodine contrast agent, and the
most obvious is that the blood vessels also show white
shadows because of the increased density. Therefore,
enhanced CT has an important diagnostic significance for
blood-rich HCC. Ma et al22 performed plain scan CT and
enhanced CT in 40 HCC patients. The most obvious differ-
ences were observed in the late arterial phase, and the
detection rate of HCC was the highest on enhanced CT
(78.7%). This study confirmed that dynamic enhanced CT is
significant for the diagnosis of HCC compared with plain
scan CT.

CT techniques can be widely used in the early screening
and prognosis monitoring of HCC. It has excellent perfor-
mance in density resolution and image overlap, but its ra-
diation dose is high and cannot show the whole organ
structures and lesion locations, resulting in some applica-
tion limitations.
Magnetic resonance imaging (MRI)

There is a large amount of water in the human body, which
is rich in hydrogen-1. Hydrogen-1 has spin characteristics,
which acts like a small magnet. When the human body is in
a strong external magnetic field, hydrogen-1 absorbs en-
ergy to produce a magnetic resonance phenomenon. When
the magnetic field emission pulse is stopped, hydrogen-1
releases the energy quickly and returns to the original
state. This process of the energy release is called the
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relaxation process. It is collected by the receiver in vitro,
and the image is obtained by the computer. What was said
above is the principle of nuclear MRI. The black and white
grayscale in MRI images is called the signal intensity. The
contrast of the black and white grayscale reflects the dif-
ference in the inter-tissue relaxation time T1 and T2 (the
time required for the relaxation process). There are two
basic imaging methods, T1-weighted imaging (T1WI) and
T2-weighted imaging (T2WI). All tissues and their lesions in
the human body have relatively constant T1 and T2 values,
which are inherent parameters.

In 1973, Lauterbur obtained the first MRI image by using
the principle of hydrogen atomic nuclear magnetic reso-
nance.23 In 1984, Philips revolutionized the world’s first
surface coil,24 resulting in images showing very small de-
tails, enabling MRI to be better applied clinically. Similarly,
HCC can be well detected by MRI. The tumor portion of
typical HCC is longer than the surrounding hepatic paren-
chyma on T1 and T2, showing a low signal on T1WI and a
high signal on T2WI.

To further improve the resolution of MRI on human tis-
sues and show some small lesions or diffuse lesions,
improving MRI contrast has become an important research
direction. The signal strength of MRI depends on the scan-
ning time parameters and organizational characteristic
parameters. The former can be controlled by the operator,
while the latter includes the relaxation times T1 and T2.
Recent decades of research have shown that changing the
local magnetic field around the hydrogen protons can
change T1 and T2, while some rare earth elements (such as
Gd, etc.) had this effect.25,26 The hepatobiliary contrast
agents, such as the Gd-BOPTA, Gd-DTPA, Gd-EOB-DTPA,
etc., can provide some information on the tumor vascular
and hepatocyte function in one examination.27,28 Di Martino
et al29 improved the diagnostic accuracy for HCC in the
range of 1e2 cm to 90% by using the Gd-EOB-DTPA. At
present, Gd-EOB-DTPA is used to help distinguish the early
HCC from several benign or borderline nodules.30,31

MRI has been widely used in the diagnosis and prognosis
monitoring of HCC. However, it still has limitations, such as
technical complexity, high diagnosis cost, long imaging
time, higher sensitivity to artifacts, and inconsistency in
images quality, especially when it is difficult for the pa-
tients to hold their breath and keep still, the image quality
is worse.32

Minimally invasive diagnosis of HCC

For the minimally invasive diagnosis of HCC, it mainly refers
to the technology of obtaining tumor-related substances
from the blood, including serum proteins and circulating
metabolites.

AFP combined with ultrasound

AFP was first discovered in 1956 and was reported by
Halbrecht et al33 Notably, it was first found in the blood of
HCC patients in 1964.34 Since then, it has become the most
widely used marker in the diagnosis of HCC.35,36 Normally,
the concentration of AFP in serum is lower than 20 ng/
mL35, but it can be over 400 ng/mL with the disease,
especially in HCC.37 The Chinese Standard for Diagnosis and
Treatment of Primary Liver Cancer in China (2019)38 rec-
ommended ultrasound combined with serum AFP as a
method to screen high-risk groups early. However, the
AASLD guidelines and EASL guidelines preferred the use of
the ultrasound alone for early screening.12,39,40 A recent
study41 found that 20% of patients had insufficient ultra-
sound quality for the detection of HCC, especially in pa-
tients with increased hepatic nodules and liver cirrhosis
caused by non-alcoholic steatohepatitis (NASH). The data
showed that the number of cirrhotic patients with NASH
who then develop HCC is increasing year by year,42 so the
quality of ultrasound would face increasingly serious
challenges. A retrospective study43 was conducted in 67
patients with non-viral liver cirrhosis over 13 years, and all
67 patients underwent HCC screening with every 6-month
AFP measurement and every 6e12-monthly upper abdom-
inal ultrasound. Data showed that about 1/4 of the
cirrhotic patients, ultrasound alone was insufficient for
early screening.

AFP combined with liver ultrasound has important
diagnostic significance for high-risk patients with non-
alcoholic cirrhosis and non-viral cirrhosis, which could
realize early screening for high-risk HCC patients.

Triple detection of HCC

The triple detection of HCC is a combination of the serum
protein markers used in early diagnosis, which are AFP, Lens
culinaris-agglutinin-reactive fraction of AFP (AFP-L3) and
protein induced by vitamin K absence or antagonist-II (PIVKA-
II). AFP-L3 was first detected by Taheta K in the blood of HCC
patients in 1998.44 Even in the early stage of HCC, especially
when the tumor is supplied by the hepatic artery, malignant
liver cells would produce the AFP-L3, which is a highly specific
marker of HCC.45 PIVKA-II is also knownas DCP,whichwas first
detected in 1984 and considered a serummarker for HCC.46 It
is abnormal prothrombin due to the disturbance of vitamin K
circulation in liver cells.

AFP, AFP-L3 and PIVKA-II have been included in the
National Health Insurance of Japan as clinical serological
biomarkers.47e49 Best et al50 enrolled 285 newly-
diagnosed HCC patients and 402 patients with chronic
liver diseases for the serum levels of AFP, AFP-L3 and
PIVKA-II. The results showed that the specificity and
sensitivity of the triple detection group were significantly
higher than those of the other groups, with a sensitivity
of 85.6% and a specificity of 93.3%. In addition, many
studies51e53 also proved that triple detection of HCC plays
an important role in the diagnosis and prognosis moni-
toring of HCC.

Other tumor markers

In addition to the markers mentioned above, other tumor
markers have also gradually shown special roles in early
tumor screening and prognosis monitoring, such as
glypican-3 (GPC-3), alpha-L-fucosidase (AFU) and Golgi
glycoprotein 73 (GP73). A great number of studies have
shown that the diagnostic effect of combined detection of
tumor markers is much better than that of AFP alone.



1862 Q. Yan et al.
GPC-3 is a member of the family of membrane-bound
heparan sulfate proteoglycans, which are anchored on the
cell surface by glycosylphosphatidylinositol. It is soluble
and can be detected in human serum.54,55 Similar to AFP,
GPC-3 is widely expressed in mammalian, but it cannot be
detected in normal adult liver tissues.56e58 In 1997, Hsu
et al59 reported for the first time that the expression of
GPC-3 in most HCC was higher than that in the normal
liver, cholangiocarcinoma and metastatic carcinomas of
the liver. Yao et al60 found that GPC-3 expression
continued to be upregulated as HCC progressed. There-
fore, the detection of the serum GPC-3 is significant for
the diagnosis of HCC. Sun B et al61 registered 76 HCC pa-
tients to analyze the significance of GPC-3 single or com-
bined with AFP detection in the diagnosis of HCC. The
results showed that the detection of GPC-3 combined with
AFP can significantly improve the sensitivity and
specificity.

AFU is a kind of acid hydrolase, which is widely distrib-
uted in various tissues, cells and body fluids of the human
body. In 1984, Deugnier et al62 identified the over-
expression of AFU in HCC patients for the first time. As a
result, some studies on the diagnostic effect of AFU on HCC
were carried out.63,64 Mossad et al65 studied 40 HCC pa-
tients, 30 cirrhotic patients and 20 healthy controls and
examined their serum expression levels of squamous cell
carcinoma antigen-immunoglobulin M (SCCA-IgM), AFU and
AFP. The results showed that when the SCCA-IgM, AFU and
AFP were combined, the sensitivity of the HCC detection
was greatly improved.

GP73 is a resident protein of Golgi apparatus. Its
apparent molecular weight is approximately 73KD; there-
fore, it is called GP73.66 It was first found in 2000 by
Kladney et al.67 Some studies68e70 have shown that GP73 is
highly expressed in the hepatocytes of HCC patients,
regardless of whether there is a viral infection. Moreover,
Table 2 Sensitivity and specificity of different markers for com

Tumor Markers Cutoff
value

Unit

AFP 10 ng/mL
AFP-L3 10 %
PIVKA-II 7.5 ng/mL
AFP þ AFP-L3þPIVKA-II e e

AFP 404.2 ng/mL
GPC-3 272.5 ng/mL
AFP þ GPC-3 e e

AFP 48 ng/mL
SCCA-IgM 233 AU/mL
AFU 25 U/L
AFP þ SCCA-IgM þ AFU e e

AFP e e

GP73 78.1 ng/L
GGT-II e e

AFP þ GP73þGGT-II e e

Abbreviations: AFP, Alpha fetoprotein; AFP-L3, Lens culinaris-agglutin
glycoprotein 73; GPC-3, Glypican-3; GGT-II, Gamma-glutamyl transfera
antagonist-II; SCCA-IgM, Squamous cell carcinoma antigen-immunoglo
the expression level of GP73 in primary HCC was positively
correlated with the degree of the tumor differentia-
tion.71,72 Hou et al73 measured the serum levels of GP73,
gamma-glutamyl transferase isoenzyme II (GGT-II) and AFP
in 79 HCC patients, 16 cirrhotic patients, 30 chronic hepa-
titis patients and 28 healthy people. The results showed
that when the three were combined, the sensitivity
reached 96.3%. Obviously, the combined detection of AFP,
GP73 and GGT-II can greatly improve the diagnostic sensi-
tivity of HCC with important implications.

The above detailed results are recorded in Table 2, and
the expression of various biomarkers in HCC cells is shown
in Figure 2. We found that the sensitivity and specificity of
the combined detection of tumor markers were signifi-
cantly higher than those of AFP alone.

Of note, around 90% of HCC patients are accompanied
by a background of cirrhosis.74 Liver cirrhosis is commonly
considered the early lesion for most HCC cases, which
developed from progressive fibrosis due to various chronic
liver diseases, especially NAFLD (non-alcoholic fatty liver
disease).75e77 There is no doubt that liver biopsy is the
gold standard for staging of fibrosis but it has obvious
limitations of invasiveness, high-risk and high-cost.78

Therefore, it is essential to develop reliable noninvasive
approaches to predict the potential progression of NAFLD
to cirrhosis and HCC by assessing liver fibrosis. At present,
many NITs (non-invasive tests) have been applied to
identify patients with high risk for advanced fibrosis or
cirrhosis, including NFS (NAFLD fibrosis score), FIB-4 index
(Fibrosis-4), and APRI (aspartate aminotransferase-to-
platelet ratio index).79e81 NFS is a simple scoring system
consisting of easily accessible clinical and laboratory data,
that accurately distinguished the severity of fibrosis in
NAFLD patients.79 Previous study has shown that a high
NFS (�e1.455; adjusted HR 1.87; 95% CI 1.54e2.28;
P < 0.001) is strongly associated with developing HCC.82 It
bined diagnosis.

Sensitivity/% Specificity/% Reference

68.8 88.1 50

64.2Y 91.5[ e

57.2Y 95.0[ e

85.6[ 93.3[ e

77.6 81.3 61

75.0Y 81.8[ e

85.5[ 91.5[ e

70.0 53.3 65

87.5[ 66.0[ e

87.5[ 98.0[ e

92.5[ 62.1[ e

55.6 86.7 73

73.4[ 80.0Y e

68.4[ 97.1[ e

96.3[ e e

in-reactive fraction of AFP; AFU, Alpha-L-fucosidase; GP73, Golgi
se isoenzyme II; PIVKA-II, Protein induced by vitamin K absence or
bulin M.



Figure 2 Tumor markers mentioned in the combined detection of HCC. Tumor markers are explained at the cell level and are
good biomarkers for HCC.
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gives a hint that patients with a high NFS may be a high-
risk group for HCC, which could be distinguished at an
early stage through surveillance and further detection to
reduce the mortality rate. Similar to NFS, FIB-4 is also a
reliable tool for predicting the stage of fibrosis.83,84 Both
NFS and FIB-4 are recommended by the EASL-EASD-EASO
Clinical Practice Guidelines as part of the diagnostic
scheme for preliminary screening of advanced fibrosis.85

Besides, some other tools are also widely used in clinical
practice, such as APRI, BARD score and HFS (Hepamet
fibrosis score).86,87 All these prediction models are
economical and efficient for identifying patients with
advanced fibrosis or cirrhosis, which improves the efficacy
of HCC surveillance. Meanwhile, successful application of
them decreased unnecessary liver biopsies for most pa-
tients. What’s more, early detection of precancerous
conditions is of great significance for patients, who could
be referred to hepatologists for further targeted exami-
nations to make a definite diagnosis.

Altogether, it is promising to monitor HCC by NITs and
specific tumor markers in clinical practice, for which not
only avoid patients from needless biopsy but also provide a
cost-efficient method to identify HCC high-risk patients.

Liquid biopsy of HCC

The concept of liquid biopsy was first proposed by Sorrells
RB in 1974.88 It is widely regarded as another method of
cancer tissue biopsy that will contribute to more sensitive
early screening and prognosis monitoring of HCC. At pre-
sent, liquid biopsy, which obtains tumor-related informa-
tion from blood, is most valued by the scientific
community. The biomarkers related to HCC in the blood
are undoubtedly circulating tumor cells, circulating tumor
DNA and circulating tumor RNA. In Figure 3, the specific
contents and principles of the liquid biopsy are
summarized.
Circulating tumor cells

Australian scholar Ashworth proposed the concept of
circulating tumor cells (CTCs) in 1896.89 It refers to the
tumor cells that enter the blood circulation system from
the primary or the secondary tumors spontaneously or due
to the diagnosis or treatment. It exists in the circulatory
system in the form of a single cell. CTC detection plays an
important role in the diagnosis of most tumors. Recent
studies90e92 have shown that the clinical classification of
HCC is positively correlated with the number of CTCs in the
blood. However, when cancer cells leave the tumor and
enter the bloodstream, most are destroyed by immune
cells, and only a few survived.93 Therefore, the number of
CTCs in peripheral blood is very small, and thus, a very
sensitive identification method is needed. At present,
magnetic-activated cell sorting technology (MACS) is the
most representative positive enrichment method. In 1977,
Molday et al published the use of iron-containing polymeric
microspheres conjugated to lectins for the separation of
red blood cells and antibody-coated cells.94,95 It is the first
and only method approved by the Food and Drug Adminis-
tration for the diagnosis of CTCs in malignant diseases.96

The principle is to synthesize superparamagnetic immune
complexes by using the specific binding principle of cell
surface antigens and antibodies,97 to isolate CTCs from
peripheral blood. In addition, some studies98,99 conducted
the method of combining MACS with a microfluidic chip,
which realized the efficient enrichment technology of
CTCs. Microfluidic chip was established as an interdisci-
plinary field of research by combining micro/nano-device
technologies, chemical sensor technology, and analytical
chemistry in the 1990s.100 Undoubtedly, a microfluidic chip
will be used in the diagnosis of HCC in the future.

Li et al101 proposed the “three kinds of antibodies”
method to detect CTCs in the serum of HCC patients. These
three antibodies were anti-ASGPR antibody, anti-CPS1



Figure 3 Principles and methods of liquid biopsy. HCC can release circulating tumor cells, circulating tumor DNA, and circulating
tumor RNA into the blood. Circulating tumor cells exist in the patient’s blood as single cells, and their presence can be detected by
drawing a small amount of blood and using magnetic-activated cell sorting technology. Circulating tumor DNA is released into the
blood mainly by tumor cell lysis. Circulating tumor RNA is secreted by exosomes. All of them are excellent biomarkers for detecting
HCC.
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antibody and anti-P-CK antibody, respectively. They
compared the method with previous methods (using anti-
CPS1 or anti-P-CK single antibody detection). The results
showed that the “three kinds of antibodies” method
detected a higher CTC count, which may confirm that the
new strategy could improve the sensitivity of CTC detection
in HCC patients.

In general, the enrichment and characterization of
circulating HCC cells are the two major steps in the diag-
nosis of HCC. However, such a detection method is complex
and time-consuming. Fortunately, most HCCs are carcino-
genic changes caused by the liver cirrhosis. If early CTC
screening is only used in cirrhotic patients, it could reduce
the workload of diagnosis to a certain extent.

Circulating tumor DNA

Circulating tumor DNA (ctDNA) is a small extracellular
fragment of cell-free DNA (cfDNA) released by tumor cells,
which is a part of cfDNA and can be detected in the early
stage of tumors. In 1953, Watson and Crick solved the
three-dimensional structure of DNA.102 In the 2000s,
second-generation sequencing technology gradually
matured.103 Besides, in the 2010s, third-generation
sequencing technology was widely used.104 With the rapid
development of gene sequencing technology, it can be
detected and counted or even traced dynamically in blood.
DNA methyltransferase is one of the most deeply studied
mammalian epigenetic modifications. It is responsible for
DNA to establish and maintain methylation patterns.105 In
normal cells, it ensures the normal gene expression and
stable gene silencing. However, numerous studies have
shown that the presence of highly methylated regions leads
to the inactivation of certain tumor suppressor
genes.106e108 DNA methylation and histone modification
lead to the tumor suppressor gene silencing and the chro-
mosome instability, which leads to the occurrence and the
development of a variety of cancers.109e111

Recently, Cai et al112 observed the level of the 5-hmc
modification in the cfDNA of 2,554 Chinese individuals
(including 1,204 HCC patients) by using the 5-hmc-seal
technique. The sensitivity and specificity of detecting HCC
were 82.7% and 67.4%, respectively. Compared with serum
AFP detection (sensitivity 44.8%, specificity 76.1%), the
sensitivity was significantly improved.

In a manner of speaking, with the maturity of compre-
hensive technology, ctDNA detection technology will be the
most mainstream liquid biopsy technology in the future.

Circulating tumor RNA

Circulating tumor RNA (ctRNA) is usually present in exo-
somes and secreted by tumor cells into the circulatory
system. One of the most striking is microRNA (miRNA),
which is a small non-coding RNA (17e25 nucleotides) that
binds to complementary sequences in target mRNA to
induce degradation.113 In cancer, miRNAs may play a role as
tumor suppressor genes or carcinogens.114,115 Amr et al116

evaluated the diagnostic potential of miRNA-122 and
miRNA-224 in HCC and found that their diagnostic speci-
ficities were 98% and 93%, respectively. The most note-
worthy was, when miRNA-122 was combined with AFP, the
sensitivity was 97.5%, and the specificity reached 100%,
which is superior to any other method used alone in the
study.

Liquid biopsy, which is noninvasive and can dynamically
detect tumor information, has become a research hot spot
in recent years. However, an ideal, widely applicable
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detection technique should have the following character-
istics: high sensitivity and high specificity; safe and reli-
able; efficient and feasible; and reasonable cost. However,
at present, liquid biopsy has not been able to meet the
conditions of the efficient and feasible and reasonable cost.
Therefore, there will be much room for improvement in the
future.
Prognostic monitoring of HCC

The above invasive, noninvasive and minimally invasive
diagnosis can play an important role in the early screening,
diagnosis and prognosis of HCC. There are also some other
detection methods, which are mainly aimed at monitoring
the prognosis of HCC after treatment.

Lactic dehydrogenase

Lactic dehydrogenase (LDH) is a glycolysis enzyme existing
in various tissues and tumors of the human body. It is the
key enzyme for the pyruvate conversion to the lactic acid
under anaerobic conditions.117,118 The biological relation-
ship between hypoxia and LDH is established by the
abnormal activation of hypoxia-inducible factor 1a (HIF-
1a).119 There is growing evidence that hypoxia may
contribute to the progression of cancers.120e122 Hypoxia in
the tumor microenvironment is sufficient to activate
several downstream genes dependent on HIF and promote
them expression, including the vascular endothelial growth
factor gene, erythropoietin gene and many enzyme genes
involved in glucose metabolism.123e127 These results also
explained that hypoxia can promote the progression of
cancers. Therefore, it can be inferred that LDH can provide
anaerobic conditions for tumor cells, thus promoting the
progression of cancers. Some studies128,129 have shown that
LDH can be used as a prognostic index for HCC patients.
Faloppi et al130 collected the LDH values in 78 HCC patients
one month before and after the treatment with Solafinib.
The results showed that HCC patients with decreased LDH
seemed to have a better prognosis after treatment with
Solafinib. Similarly, many other studies131e133 have shown
that lower LDH levels could predict a better prognosis in
HCC patients treated by transcatheter arterial emboliza-
tion (TAE) or radical hepatectomy. Therefore, LDH can be
used as a potential indicator to predict the prognosis of HCC
patients after treatments. However, there is no denying
that more studies are needed to confirm this hypothesis.

Suppressor of cytokine signaling proteins

Cytokines are bioactive small molecular peptides secreted
by cells, which transmits biological information by binding
to receptors on the surface of cells, thus regulating a va-
riety of biological processes. Suppressor of cytokine
signaling (SOCS) was first discovered by Endo et al134 in
1997. Members of the SOCS family are the key regulators of
cytokine homeostasis and play an important role in cell
proliferation, differentiation, maturation and apoptosis,
which are involved in tumorigenesis and the development
of cancer.135e137
Jiang et al138 studied the relationship between the SOCS
3 methylation status and the prognosis of HCC patients
after transhepatic arterial chemotherapy and embolization
(TACE). The 3-year and 5-year survival rates of patients
with SOCS3 methylation were significantly lower than those
of patients without the SOCS3 methylation. Some stud-
ies139e141 have also proven that the level of the SOCS and
the methylation status of SOCS can be important moni-
toring factors for the prognosis of HCC patients after
treatment. Increased SOCS expression or increased SOCS
methylation suggested poor prognosis in HCC.

Simple blood detection can achieve the prognosis of HCC
detection, which is significant to HCC patients and can
reduce the medical harm caused by the secondary exami-
nation. However, the clinical feasibility of these blood
detection substances still needs to be proven.
Future prospects for HCC detection

The diagnosis of HCC should not be limited to the imaging
tests or blood tests but should be updated with the rapid
development of multidisciplinary technology. The MACS and
microfluidic chip methods used in liquid biopsy are good
examples. With the development of nanotechnology, it has
also shown significant advantages in the detection of HCC.
Nanochannels are formed by inserting nanomaterials into
the lipid bilayer of a cell. When a voltage is applied to the
electrodes at both ends of the nanochannel, a constant ion
current can be generated. If the nucleic acid sequence
passes, the resistance of the nanochannel will be changed
due to the physical occupation, which will lead to a change
in the ion current, and the purpose of the detection will be
achieved by monitoring the change in this current. The
above-mentioned miRNA can be used as biomarkers of
cancer, and they are also nucleic acid sequences that can
be secreted by tumor cells into the circulatory system.
Therefore, nanoscale technology will be a good aid for
liquid biopsy to detect HCC.

The close link between the liver and the gut gives us
another object of study in which changes in the gut micro-
environment may indicate changes in the liver microenvi-
ronment. The intestinal flora is called a “new virtual
metabolic organ”, which can play an “axis” role in the liver.
Normally, the tight junctions of intestinal epithelial cells are
a natural barrier for bacteria and their metabolites to enter
the blood circulation. However, in patients with chronic liver
diseases, the detoxification, degradation and clearance of
lipopolysaccharide and other bacterial products are inhibi-
ted, and intestinal epithelial permeability is increased,
which allows lipopolysaccharide and peptidoglycan to enter
the portal circulation, thereby increasing the inflammation.
When we focus on the culprits that alter the gut microenvi-
ronment - the intestinal flora, we may be able to peek into
the development of liver disease.

Most HCC develop from hepatitis or cirrhosis, which are
different from other cancers. Therefore, we should make
early diagnosis and early treatment, actively implement
individualized diagnosis, provide a reasonable diagnosis
plan for each “pre-cancer patient”, and prevent the pro-
gression of HCC in a timely manner, eventually reducing the
overall incidence and mortality of HCC.
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Conclusion

Most HCC patients have fatty liver, liver cirrhosis and other
diseases in the early stage. For these patients, regular ul-
trasound and minimally invasive diagnosis should be used
for early screening. Meanwhile, we should actively search
for more suitable serum markers of HCC to improve the
sensitivity and specificity of early screening. For CT, MRI
and liver biopsy, these detection methods are relatively
complex and should be used for diagnosis and even the final
diagnosis. The clinical application of the new liquid biopsy
technology is temporarily limited. However, it is possible to
break this limitation by searching for specific substances
secreted from the surface of circulating HCC cells. For the
prognosis of HCC patients after treatment, the long-term
course and treatment require multiple examinations, and
thus, if we continue to apply routine diagnostic technolo-
gies, it will undoubtedly increase the burden of the patients
and hospitals, so we need to look for newer biomarkers.
With the development of diagnostic and therapeutic tech-
niques, we believe that HCC will become a medically
overcoming problem in the future.
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