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An early diagnosis of hepatocellular carcinoma (HCC) followed by effective treatment

is currently critical for improving the prognosis and reducing the associated economic

burden. Alpha-fetoprotein (AFP) is the most widely used biomarker for HCC diagnosis.

Based on elevated serum AFP levels as well as typical imaging features, AFP-positive

HCC (APHC) can be easily diagnosed, but AFP-negative HCC (ANHC) is not easily

detected due to lack of ideal biomarkers and thus mainly reliance on imaging. Imaging

for the diagnosis of ANHC is probably insufficient in sensitivity and/or specificity because

most ANHC tumors are small and early-stage HCC, and it is involved in sophisticated

techniques and high costs. Moreover, ANHC accounts for nearly half of HCC and exhibits

a better prognosis compared with APHC. Therefore, the diagnosis of ANHC in clinical

practice has been a critical issue for the early treatment and prognosis improvement of

HCC. In recent years, tremendous efforts have been made to discover new biomarkers

complementary to AFP for HCC diagnosis. In this review, we systematically review and

discuss the recent advances of blood biomarkers for HCC diagnosis, including DNA

biomarkers, RNA biomarkers, protein biomarkers, and conventional laboratory metrics,

focusing on their diagnostic evaluation alone and in combination, in particular on their

diagnostic performance for ANHC.
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INTRODUCTION

According to GOLOBOCAN 2018 (1), liver cancer is estimated to be the sixth most commonly
diagnosed cancer and the fourth leading cause of cancer deaths globally, with 841,080 new cases
and 781,631 deaths, and hepatocellular carcinoma (HCC) is the dominant histological type of liver
cancer (accounting for∼75–85% of all liver cancer cases), with the highest prevalence in Asian and
Eastern African countries. In addition to clinical burden, HCC also poses substantial and increasing
economic burden due to healthcare expenditures; the annual cost of HCC in the USA has been
estimated at more than $450 million (2). The early diagnosis and effective treatment of HCC could
impact both clinical outcomes and the economic burden of HCC.

Serum alpha-fetoprotein (AFP) is by far the most widely used biomarker for HCC screening,
early diagnosis, and evaluation of therapeutic efficacy and prognosis (3). However, not all HCCs
secrete AFP, and AFP may be elevated in cirrhosis or hepatitis cases. A systematic review showed
that the sensitivity of AFPwas 41–65%, with a specificity of 80–94%when using the commonly used
positive cutoff value (AFP level ≥20 ng/mL) for HCC (4). A large-scale prospective multicenter
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study showed that the positive rates of AFP (≥11 ng/ml as
the cutoff value) were 46% (616/1338) for all HCC and 23.4%
(150/641) for small HCC (<2 cm) (5). Another large multicentric
survey showed that AFP-negative (<20 ng/mL) rates were found
in 52% (261/502) patients with small HCCs (<3 cm), in 53.5%
(51/95) patients at TNM stage I, in 48% (314/656) patients with
Okuda stage 1, and in some advanced HCC patients [41.5%
(24/58) at TNM stage IV and 28% (17/61) at Okuda stage 3] (6),
indicating that nearly a half of HCC patients are AFP-negative,
especially early and small HCCs.

The diagnosis of HCC is easy when significantly increased
serum AFP levels and definitive imaging features are present.
However, AFP-negative hepatic cancer (ANHC) is not as easily
diagnosed, as most ANHCs are early and small HCCs, often
without typical imaging characteristics. Liver nodular lesions
may also have HCC-like imaging findings, making ANHC
patients easily misdiagnosed (7). Due to a range of influential
factors on ultrasonographic diagnosis, a systematic review, and
economic analysis suggested that ultrasound should not be
routinely offered to patients with ANHC (8). However, the
diagnosis of ANHC is important in clinical practice, because
ANHCpatients have a better prognosis comparedwith those with
AFP-positive HCC (APHC) (6, 9, 10). An et al. (11) found that the
1-, 3-, and 5-year recurrence-free survival rates were 78.1, 57.5,
and 40.6% in the AFP-negative group and 61.8, 37.7, and 31.4%
in the AFP-positive group, respectively, while the corresponding
overall survival rates were 94.4, 83.8, and 62.3% in the AFP-
negative group and 87.2, 60.0, and 36.7% in the AFP-positive
group, respectively. Thus, the diagnosis of ANHC is important
for the improvement of prognosis in HCC patients.

Imaging techniques are useful for HCC diagnosis. Digital
subtraction angiography, dynamic contrast-enhanced magnetic
resonance imaging, contrast-enhanced ultrasound, and positron-
emission tomography-computed tomography were found with
sensitivity of 88.2, 93.9, 88.9, and 88.9%, respectively, for the
diagnosis of AFP-negative small hepatic lesions (12). However,
these tools are expensive and unsuitable for screening or for
a first-line diagnosis of HCC. Blood biomarkers are non-
invasive, safe, convenient, economic, and easy-to-repeat tools
for tumor diagnosis, and compared with imaging, biomarkers
in blood can be measured repeatedly with accuracy and
with a relatively rapid clinical turnaround time to monitor
disease progression. In this review, we describe the clinical
characteristics of ANHC and systematically review and discuss
recent advances in the use of blood biomarkers for HCC
diagnosis, including DNA biomarkers, RNA biomarkers, protein
biomarkers and conventional laboratory metrics, and their
diagnostic evaluation alone and in combination, focusing on
their diagnostic performance for ANHC.

CHARACTERISTICS OF ANHC

The symptoms of ANHC are generally mild and non-specific,
and ANHChas better clinicopathological features compared with
APHC. Compared with ANHC patients, APHC cases were more
likely to feature a higher female-to-male ratio, a younger age,

higher HBV-positive rate, larger tumor diameter, more cirrhosis
nodules, more liver capsule invasions, higher tumor multiplicity,
more carcinoma cell emboli, lower differentiation grade, later
BCLC stage and TNM stage, poor Edmondson–Steiner grade,
poor liver function, higher short-term recurrence, and lower
overall survival and disease-free survival rates after hepatectomy
or radiofrequency ablation (11, 13–18). APHC patients may need
comprehensive/individualized adjuvant therapy besides surgical
resection and close follow-up compared with ANHC (9). In
addition, patients with ANHC at the time of diagnosis are more
likely to be eligible for liver transplant (19), which may be related
to the high expression of the CC genotype of mannose-binding
lectin-2 gene in ANHC (20). Therefore, ANHC patients can
benefit more from treatment.

The reduced malignancy of ANHC may be related to
the reduced expression of related proteins, such as AFP and
secretory protein c19orf10. AFP levels in HCC patients have
strong relationships with unfavorable tumor features (such
as histological grade, tumor size, and vascular invasion) and
staging classification (9, 11, 21–23). AFP has oncogenic effects
on promoting the proliferation and metastasis of HCC cells
(24, 25). AFP can induce cell proliferation, migration, and
invasion in ANHC (26). Overexpression of secretory protein
c19orf10 can enhance ANHC cell proliferation via the activation
of Akt/mitogen-activated protein kinase pathways (27). In
addition, the development of ANHC is associated with DNA
hydromethylation-mediated dysregulation of associated genes,
such as leucine-rich repeat protein phosphatase 1 and actin-
dependent regulator of chromatin, subfamily A, member 2,
and associated trans-regulatory factors, such as nuclear factor I
and GATA-binding protein 3, which may be a novel epigenetic
regulation mechanism and potential diagnostic and prognostic
biomarker of ANHC (28).

Slight differences in immunophenotypic features are also
found between ANHC and APHC. CD44 positivity and higher
tumor histological grade are more frequent in APHC, while
nuclear beta-catenin positivity is more common in ANHC
(29). In the ultrastructural morphology by transmission electron
microscopy, the positive rate of Tn protein (Thomsen–
Friedenreich-related antigen) was markedly higher in ANHC
than in APHC, while AFP showed the opposite expression
pattern; in addition, most ANHC cells were dispersed loosely
with simple organelles but with abundant free polyribosomes
(30); however, the APHC cells were all linked closely together
and had rich organelles in their cytoplasm, especially the
rough endoplasmic reticula, mitochondria, and complex Golgi,
which might be related to the role of AFP in promoting
cell proliferation.

BLOOD BIOMARKERS FOR ANHC
DIAGNOSIS

The detection of disease-related molecules in blood is simple and
non-invasive and is widely regarded as the best choice for disease
screening and diagnosis. In recent years, many biomarkers in
blood have been identified and evaluated for the diagnosis of
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FIGURE 1 | Blood biomarkers for AFP-negative hepatocellular carcinoma. ANHC, alpha-fetoprotein-negative hepatocellular carcinoma; cfDNA, circulating cell-free

DNA; circRNAs, circular RNAs; DCP, des-gamma-carboxy prothrombin; AFP-L3, α-fetoprotein fraction L3; GP73, golgi protein 73; AKR1B10, aldo-keto reductase

family 1 member B10; DKK1, dickkopf-1; MDK, midkine; Hsp90α, heat shock protein 90alpha; ANGPTL2, angiopoietin-like protein 2; PON1, paraoxonase 1; CAP2,

cyclase-associated protein 2; CCT3, chaperonin containing TCP1 complex subunit 3; IQGAP3, IQ-motif-containing GTPase-activating protein-3; sAxl, soluble

transforming receptor tyrosine kinase; OPN, osteopontin; MCM6, minichromosome maintenance complex component 6; CRP, c-reactive protein; TGM2, tissue

transglutaminase 2; VASN, vasorin; HCCR-1, human cervical cancer oncogene 1; CYP17A1, the cytochrome P450, family 17, subfamily A, polypeptide 1; GS,

glutamine synthetase; AGP, alpha-1 acid glycoprotein; THBS2, thrombospondin-2; IgG, immunoglobulin G; DHCR24 Ab, 3β-hydroxysterol 124-reductase antibody;

ALP, alkaline phosphatase; ALT, alanine aminotransaminase; APTT, activated partial thromboplastin time; GGT, gamma-glutamyl transpeptidase.

ANHC (Figure 1), such as genetic biomarkers, proteins, and also
metabolic biomarkers (31).

Genetic Biomarkers
The development of ANHC is a chronic process and involves
complicated genetic changes. Zhang et al. (28) identified 615
differentially hydroxymethylated regions from ANHC tissues
compared to adjacent normal tissues, which were significantly
enriched in gene ontology functions, and they found that some
hydroxymethylated genes were involved in ANHC development.
Lu et al. (32) found that a panel based on four candidate
genes (COL5A1, HLA-DQB1, MMP2, and CDK4) was valuable
for the diagnosis of ANHC patients [with an area under the
receiver operating characteristic curve (AUROC) of 0.768],
and Zheng et al. (33) also found that a blood-based 22-gene
signature was valuable for ANHC screening (AUROC of 0.93,
sensitivity of 91.3%, specificity of 83.2%). Circulating cell-
free DNA (cfDNA), microRNAs, and circular RNAs are easily
detected genetic biomarkers that are valuable for the diagnosis
of HCC, including ANHC.

Circulating Cell-Free DNA
cfDNA are extracellular DNAmolecules released into blood from
apoptotic or necrotic cells or tissues (34). cfDNA is elevated in

various malignancies, including HCC, and has cancer-specific
DNA alterations, including DNA strand integrity, mutation
frequency, microsatellite abnormalities, and gene methylation,
and is regarded as diagnostic, prognostic, and monitoring
biomarkers for cancers (35). Many methods with high sensitivity
and specificity facilitate the use of cfDNA as a “liquid biopsy” for
the diagnosis, prognosis, and monitoring of therapeutic response
in HCC with advantages of real time and minimal invasion (36).
Xiong et al. (37) found that plasma cfDNA mutations in HCC
were valuable for the diagnosis of HCC, with an AUROC of 0.92,
sensitivity of 65%, and specificity 100% compared with healthy
controls. During the combination of cfDNA somatic mutations
with AFP, they found that the AUROC was 0.96 with a sensitivity
of 73% and specificity of 100% for ANHC, while for APHC, the
AUROC was 0.86, with a sensitivity of 53% and a specificity
of 100%. Moreover, cfDNA could predict HCC recurrence,
that is, the patients with recurrent HCC showed significantly
higher somatic mutation frequency of cfDNA than those without
recurrence, of which the TP53 gene was the most frequently
mutated gene in majority of the HCC patients (21/33, 64%).

In addition, the expression levels of cfDNA were not
associated with patient age, gender, TNM stage, or AFP
levels or protein induced by vitamin K absence (PIVKA-
II) (38), and serum cfDNA levels could be directly, simply,
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and accurately detected by a real-time PCR system, which
enhances their clinical application for the diagnosis of ANHC.
We found that cfDNA-related fluorescence intensity and serum
autofluorescence intensity were of value for the diagnosis of early,
small, AFP-negative, and all primary hepatic carcinomas from
liver cirrhosis (LC), chronic hepatitis, and normal control, with
an AUROC value of 0.777–0.963 in the training set and 0.764–
0.972 in the validation set, of which the two fluorescence intensity
indicators had an AUROC of 0.836, a sensitivity of 73.6%, a
specificity of 79.7%, and an accuracy of 78.6% for differentiating
ANHC from non-HCC (39, 40), and their diagnostic value could
be improved by combination with AFP, hepatic function tests,
and/or blood cell analyses.

MicroRNA
MicroRNAs (miRNAs) are a family of endogenous, small
(20–25 nucleotides in length), non-coding RNAs that
regulate posttranscriptional gene expression by repressing
messenger RNA (mRNA) translation mainly via binding at the
complementary 3′-untranslated region and are well-known to
play a role in human hepatocarcinogenesis. miRNAs serve as
promising cancer biomarkers for diagnosis and therapy response
monitoring (41), and circulating miRNAs are stable and able to
be detected and quantified, which gives them either diagnostic
value for an ANHC diagnosis or an additive value.

MiR-21 has been found to be dysregulated in several
cancers and is associated with tumor proliferation, invasion, and
metastasis (42). Serum levels of miR-21 were higher in HCC
than in controls, with an AUROC of 0.849, sensitivity of 82.1%,
and specificity of 83.9% for the diagnosis of HCC, which were
higher than those of AFP (AUROC 0.722, sensitivity 68.7%,
specificity 62.5%) (43), and the serum levels of miR-21 were
also significantly related to clinical stage and distant metastasis
(positive in 83.3% HCC patients) but not with AFP. MiR-21 had
a positive rate of 77.6% (45/58) in the ANHC group and an
AUROC of 0.831, sensitivity of 81.2%, and specificity of 83.2%
for the diagnosis of ANHC (43). Additionally, the serum levels of
miR-21 were significantly decreased after surgery in patients with
HCC (43), indicating that miRNAs can be used for monitoring
treatment response.

The combination analysis of miRNAs can complement each
other and effectively improve their diagnostic performance for
ANHC. A classifier established by the combination of miR-15b
and miR-130b had an AUROC of 0.980 (96.7% sensitivity and
91.5% specificity) for detecting ANHC (44), and this miRNA
classifier could identify 44 of 45 (97.8%) HCC cases with tumor-
node-metastasis stages I and II, whereas serum AFP (cutoff
value 20 ng/ml) could only detect 22 of 45 (48.9%) of the same
cases; also, miR-15b and miR-130b were markedly reduced after
surgery. Tian et al. (45) combined miR-363-5p and miR-765
with PIVKA-II and established a logistic regression model for
predicting ANHC and found that the model had the AUROC of
0.930, sensitivity of 79.4%, and specificity of 95.4% in the testing
set, higher than any single indicator, and AUC of 0.936, sensitivity
of 83.6%, and specificity of 94.7% in the validation set. The
combination of four miRNAs (miR-125b, miR-223, miR-27a, and
miR-26a) showed an AUROC of 0.849, sensitivity of 80.0%, and

specificity of 89.4% for distinguishing HBV-related AFP-negative
early-stage HCC and the non-cancer subjects (46); interestingly,
the panel that combined two miRNAs (miR-125b and miR-27a)
also had comparable diagnostic performance to the four-miRNA
panel above, with an AUROC of 0.845, sensitivity of 80.0%, and
specificity of 87.2% for differentiating HBV-related early-stage
ANHC from non-cancer, indicating that selecting appropriate
complementary biomarkers for combined detection can not only
simplify detection methods but also reduce detection costs.

MiRNAs have the ability to detect small-size, early-stage, AFP-
negative HCC, which provides a chance of curative resection for
HCC patients. Lin et al. (47) conducted a large-scale, multicenter
nested case–control study to evaluate a seven-miRNA classifier
(miR-29a, miR-29c, miR-133a, miR-143, miR-145, miR-192, and
miR-505) for HCC in at-risk patients. The authors found that the
miRNA classifier had an AUROC of 0.825 for detecting ANHC,
with sensitivities of 78.8, 75.8, and 80.0% and specificities of 86.3,
88.2, and 91.1% in the training cohort, validation cohort 1, and
validation cohort 2, respectively, and had an AUROC of 0.812 to
identify ANHC from at-risk controls, and this classifier also had
larger AUROCs than did AFP to detect small-size (AUROC 0.833
vs. 0.727) and early-stage (AUROC 0.824 vs. 0.754) HCC.

Circular RNAs
Circular RNAs (circRNAs) are covalently closed, single-stranded,
and stable transcripts (48) that have been found to play
important roles in the diagnosis of various cancers, including
gastric cancer (49–51), breast cancer (52), lung cancer (53,
54), pancreatic cancer (55), and HCC (56, 57). A large-
scale, multicenter study successfully validated three circRNAs
(hsa_circ_0000976, hsa_circ_0007750, and hsa_circ_0139897) in
the plasma of the hepatitis B virus-related HCC patients, and
their plasma levels positively correlated with HCC tissue levels
and significantly decreased after hepatectomy (58), and the
CircPanel developed by using binary logistic regression based
on the three circRNAs showed a significantly higher accuracy
than AFP to differentiating HCC patients from controls in all
three sets (AUROC, 0.863 vs. 0.790 in the training set; 0.843
vs. 0.747 in validation set 1 and 0.864 vs. 0.769 in validation
set 2). The CircPanel also had a high diagnostic accuracy in the
diagnosis of ANHC and AFP-negative small-HCC (all AUROCs
ranged from 0.823 to 0.902, sensitivity ranged from 74.0 to 82.2%,
specificity ranged from 90.6 to 97.7%) (58). Therefore, circRNAs
may be potential diagnostic and therapeutic response biomarkers
for HCC and ANHC.

Protein Biomarkers for ANHC Diagnosis
Traditional Serum Protein Biomarkers
Several well-known traditional serum biomarkers used for the
diagnosis of HCC have been explored for detecting ANHC
alone or in combination (59). Prothrombin induced by vitamin
K absence II (PIVKA-II), also named des-gamma-carboxy
prothrombin (DCP), was found to be expressed significantly
higher in early-stage HBV-related HCC than in chronic hepatitis
B and to be valuable for the diagnosis of ANHC, with an AUROC
of 0.73, sensitivity of 51.0%, and specificity of 84.5–94.3% (60,
61), and patients with poorly differentiated or undifferentiated
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HCC and microvascular invasion exhibited higher levels of
PIVKA-II. Another large-scale, multicenter study found that
DCP could be complementary to AFP in detecting ANHC and
excluding LC with AFP positivity (62) and is also beneficial for
HCC surveillance, early diagnosis, and monitoring treatment
response and recurrence in the HBV-infected population, with
positive rates of 63.2–76.3% in ANHC and an AUROC of 0.856,
sensitivity of 76.3%, and specificity of 89.1% for the diagnosis
of ANHC, and better than AFP in the surveillance of early
HCC (AUROC 0.837 vs. 0.650) and discriminating HCC from
LC (accuracy: 92.9 vs. 64.7%), and moreover, higher DCP levels
were associated with worse clinical behaviors and shorter disease-
free survival. These results indicate that serum PIVKA-II is a
potential early diagnostic and prognostic biomarker for HCC,
including ANHC.

Alpha-fetoprotein fraction L3 (AFP-L3) is a traditional
diagnostic marker for HCC, but the conventional AFP-L3
detection methods are insufficiently sensitive in patients with
low-level AFP. With a highly sensitive method, AFP-L3% had a
sensitivity of 41.5% and a specificity of 85.1% for the diagnosis
of ANHC (63), and the combination of AFP-L3% and DCP
effectively improved the diagnostic value for ANHC (sensitivity
of 44.9–90.6%). Additionally, the survival rate of patients with
high AFP-L3% ratio (≥5%) was significantly lower than that of
patients with low AFP-L3% (<5%) (63).

Another study (64) found that PIVKA-II was not correlated
with AFP, AFP-L3, and tumor characteristics, and the
combination of PIVKA-II and AFP-L3 was capable of improving
HCC detection regardless of AFP levels, with an AUROC of
0.939, sensitivity of 92.1%, and specificity of 79.7% in ANHC,
which was higher than that of AFP-L3 alone (AUROC 0.824,
sensitivity 71.1%, and specificity 83.8%) and PIVKA-II alone
(AUROC 0.774, sensitivity 57.9%, and specificity 95.9%).
Moreover, the two biomarkers in combination could detect
81.8% of early-stage HCC, 86.7% of small HCC, and 91.7% of
single tumor of HCC in the ANHC group (64).

As a single biomarker has insufficient sensitivity and/or
specificity for the diagnosis of ANHC, a combination of multiple
biomarkers is usually used to effectively improve diagnostic
efficacy (65). An integrated parameter AFP/GP73 (Golgi protein
73) was created to magnify the differential diagnosis of ANHC
in terms of better sensitivity and specificity (66), which had
an AUROC of 0.662, sensitivity of 68.6%, and specificity of
58.8% for differentiating ANHC from LC and an AUROC
of 0.796, sensitivity of 81.4%, and specificity of 70.0% for
differentiating metastatic ANHC from adenocarcinomas; these
values were slightly higher than those of GP73 alone (AUROC
of 0.747, sensitivity of 57.7%, and specificity of 87.0%). AFP-
L3 combined with GP73 was also evaluated for the diagnostic
accuracy of ANHC (67): both serum AFP-L3 and GP73 had
a higher positive rate in ANHC than in non-HCC patients,
with respective AUROC values of 0.609 and 0.781, sensitivity
of 50 and 66%, specificity of 97.5 and 96.2%, and accuracy
of 79.2 and 84.6% for the diagnosis of ANHC, while the
sensitivity, specificity, and accuracy achieved 40, 100, and
76.9%, respectively, when AFP-L3 and GP73 were used in
combination, indicating that AFP-L3 or GP73 could be used

as a biomarker for ANHC diagnosis, but their combined
use does not significantly improve diagnostic performance
for ANHC.

Emerged Serum Protein Biomarkers
Although traditional biomarkers have certain diagnostic values
for HCC, none of them was ideal in clinical practice. Therefore,
new biomarkers are continuing to be explored.

AKR1B10
Aldo-keto reductase family 1 member B10 (AKR1B10) is
a novel secretory protein that is overexpressed in multiple
tumors, including lung cancer, breast cancer, and colorectal
cancer (68, 69), and is a potential diagnostic and prognostic
biomarker for HCC (70–73). A multicenter study (74) with 1,244
participants found that serum AKR1B10 levels were significantly
increased in HCC patients compared with those in non-HCC
and were associated with AFP, alanine aminotransaminase,
aspartate aminotransaminase, and tumor size, but not with
tumor number, vascular invasion, and TNM stage, with an
AUROC of 0.896, sensitivity of 72.7%, and specificity of
95.7% for the diagnosis of HCC, and these values were better
than those of AFP (AUROC 0.816, sensitivity 65.1%, and
specificity 88.9%), and for ANHC cases, AKR1B10 exhibited a
promising diagnostic value (AUROC 0.891, sensitivity 71.2%,
and specificity 92.6%), and a similar diagnostic performance
was observed in AFP-negative early-stage HCC (AUROC
0.839, sensitivity 63.4%, and specificity 90.7%). Moreover,
serum AKR1B10 levels dramatically decreased 1 day after
surgery and returned nearly back to normal at 3 days after
surgery, indicating that AKR1B10 may also be a potential
diagnostic, metastasis, and/or recurrence biomarker for
ANHC (74).

DDK1
Dickkopf-1 (DKK1) is a 266–amino acid (35-kDa) secreted
glycoprotein that is expressed in a variety of human tumors,
including the pancreas, stomach, liver, bile duct, breast, cervix,
esophageal, and prostate (75–77) and plays a functional role in
human HCC cell migration, invasion, and tumor growth (78).
SerumDKK1 levels demonstrated high diagnostic and prognostic
values for HCC, especially for ANHC and early-stage HCC
(79, 80). A large-scale, multicenter validation study (81) noted
that serum DKK1 levels were significantly higher in HCC than
in chronic HBV infection, cirrhosis, and healthy controls and
were valuable for differentiating ANHC from all controls, with an
AUROC of 0.841, sensitivity of 70.4%, and specificity of 90.0% in
the test cohort and similar results in the validation cohort (0,869,
66.7, and 87.2%, respectively) and in the test cohort (0.870, 73.1,
and 90.0%, respectively). For early-stage HCC patients in the
validation cohort, DDK1 also had a good diagnostic performance
(AUROC 0.893, sensitivity 72.2%, and specificity 87.2%) (81).
DDK1 may also be a useful biomarker to predict the therapeutic
response, as its serum levels dropped after surgery (81). However,
other studies showed that plasma DKK1 levels may not be
valuable for diagnosing ANHC (AUROC 0.551–0.620, sensitivity
54.4–89.1%, and specificity 37.9–61.5%) (82, 83).
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MDK
Midkine (MDK) is a heparin-binding growth factor withmultiple
functions, including anti-apoptotic, migratory ion-promoting,
angiogenic, and antimicrobial effects and is strongly expressed
during embryogenesis andmostmalignant tumors, but in normal
adult tissues, it is weak or undetectable (84). A large-scale,
multicenter validation study (85) found that serum MDK is
expressed higher in HCC than in gastrointestinal malignant
tumors and in non-HCC controls, and there was no significant
correlation with clinicopathological features, such as histological
differentiation, stage, microvascular invasion, tumor size, and
serum AFP levels, and MDK had a higher sensitivity (86.9 vs.
51.9%) but similar specificity (83.9 vs. 86.3%) for HCC diagnosis
compared with AFP, even in very early-stage HCC (87.1 vs.
46.7%), and in particular, MDK had an outstanding performance
for distinguishing ANHC from non-HCC controls (AUROC,
0.926) and from LC (AUROC, 0.931), with sensitivity as high
as 89.2%; serum MDK levels were significantly decreased in
HCC patients after curative resection and re-elevated with tumor
relapse. A systematic review and meta-analysis also confirmed
that MDK had AUROC of 0.91, sensitivity of 88.5%, and
specificity of 83.9% for detecting ANHC (86). These results
indicate that MDK could be a sensitive tumor marker for
diagnosis, treatment response, and recurrence in patients with
HCC, including ANHC.

Hsp90α
Heat shock protein 90alpha (Hsp90α) is a conserved molecular
chaperone that is significantly increased in various tumors
and positively correlates with tumor malignancy and metastatic
ability (87), and therefore, it is regarded as a potentially important
target for tumor therapy. A large-scale, multicenter clinical
study (88) found that plasma Hsp90α concentrations were
significantly elevated in liver cancer patients, with no significant
differences among different tumor types and differentiation
grades, but was positively associated with tumor staging. Hsp90α
was more valuable for distinguishing HCC from non-liver
cancer controls than AFP, with an AUROC of 0.965, sensitivity
of 93.3%, and specificity of 90.3% (for AFP, AUROC 0.887,
sensitivity 61.1%, specificity 96.3%) and exhibited a remarkable
discriminating performance in early-stage liver cancer (AUROC
0.963, sensitivity 91.4%, specificity 91.3%) and in ANHC
(AUROC 0.971, sensitivity 93.9%, and specificity 91.3%); similar
results were observed in small liver cancers. This study also found
that plasma Hsp90α dropped after treatment and increased with
tumor recurrence. PlasmaHsp90αmay represent an effective and
timely “liquid biopsy” means for the diagnosis and therapeutic
efficacy of liver cancer.

ANGPTL2
Angiopoietin-like protein 2 (ANGPTL2) is a secretory
glycoprotein involved in vascular biology, inflammation,
and tumor development (89). ANGPTL2 is overexpressed in
HCC tissues compared with non-cancerous liver tissues and able
to promote HCC migration and invasion (90). Zhou. et al. (91)
found that serum levels of ANGPTL2 is gradually elevated with
the liver injury progression and reached a peak in HCC patients

with chronic HBV infection, with better diagnostic performance
(AUROC 0.952, sensitivity 95.2%, specificity 81.8%, and accuracy
90.7%) than AFP (AUROC 0.824, sensitivity 71.4%, specificity
95.5%, and accuracy 81.5%) for the differentiation of HCC from
healthy controls. ANGPTL2 also showed good performance
for the differentiation of HCC from chronic liver diseases,
with an AUROC of 0.831, sensitivity of 68.3%, specificity of
87.3%, and accuracy of 80.4%, which was also better than that
of AFP (AUROC 0.777, sensitivity 42.9%, specificity 93.3%, and
accuracy 79.2%), for the diagnosis of ANHC, with an AUROC
of 0.919 for differentiating ANHC from healthy controls and
an AUROC of 0.798 (95% CI 0.710–0.886) for differentiating
ANHC from high-risk controls. Thus, ANGPTL2 may be
a potential diagnostic biomarker in detecting AFP-negative
HBV-related HCC.

PON1
Abnormal protein glycosylation is involved in different diseases,
especially cancers (92). Serum paraoxonase 1 (PON1) is a highly
fucosylated glycoprotein in HCC compared with LC, with an
AUROC of 0.892, sensitivity of 71.4%, and specificity of 94.7% in
differentiating early HCC from LC (93). For differentiating AFP-
negative early HCC (n = 20) from LC (n = 20), PON1 exhibited
an AUROC of 0.850, sensitivity of 90.0%, specificity of 75.0%,
and accuracy of 82.5% (94). Shu et al. (95) used Fuc-PON1 (the
ratio of fucosylated PON1 to total serum PON1) to differentiate
AFP-negative early HCC (n = 76) from AFP-negative LC (n
= 76) and found that Fuc-PON1 had an AUROC of 0.78,
sensitivity of 62.2%, specificity of 67.7%, and accuracy of 64.5%,
while the concentration alterations of AFP-L3 and glypican-
3 (GPC3) in ANHC patients were not remarkable, indicating
that Fuc-PON1 is useful in the diagnosis of AFP-negative
early HCC.

CAP2
Cyclase-associated protein 2 (CAP2), a conserved protein, takes
part in the regulation of actin cytoskeleton that is involved in
cellular functions, including morphogenesis, cytokinesis, and cell
migration (96). CAP2 is upregulated in multiple tumors, such
as breast cancer, gastric cancer, malignant melanoma (97), and
it is also upregulated in early HCC and to a greater extent in
advanced HCC (98). CAP2 expression in HCC correlated with
tumor size, histological grade, and clinical stage, but not with
plasma AFP level, HBV infection status, and patient’s gender and
ag, (99), and higher levels of CAP2 were found in HCC compared
with cirrhosis patients, with better performance than AFP for
diagnosing general HCC (AUROC 0.86 vs. 0.75, sensitivity 82.6
vs. 59.3%, specificity 79.3 vs. 83.1%) and for diagnosing early-
stage HCC patients (AUROC 0.81 vs. 0.67, sensitivity 78.6 vs.
40.4%, specificity 81.4 vs. 83.1%). CAP2 had an AUROC of 0.84,
sensitivity of 82.9%, and specificity of 79.6% for the detection
of ANHC (n = 35), and for the detection of AFP-negative early
HCC, CAP2 also presented a good performance (AUROC 0.80,
sensitivity 80.0%, and specificity 79.6% (99). The results above
suggest that CAP2 may be a potential diagnostic biomarker
for ANHC.
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CCT3 and IQGAP3
Chaperonin containing TCP1 complex subunit 3 (CCT3) is
a crucial subunit in the complexes and involved in tumor
cell proliferation and the tumorigenesis (100). Overexpressed
CCT3 is associated with HCC progression (101, 102). IQ-motif-
containing GTPase-activating protein-3 (IQGAP3) is involved in
the proliferation of epithelial cells (103) and liver regeneration
(104). Both CCT3 and IQGAP3 genes, localized on 1q22, were
upregulated in HCC (105). Qian et al. (106) found that both
plasma CCT3 and IQGAP3 levels were higher in HCC than
in non-HCC, correlated well with each other (r = 0.824), and
associated with HCC etiology, tumor size and number, and
Child–Pugh classification. Plasma CCT3 and IQGAP3 were both
valuable for differentiating ANHC (n = 38) from LC (n =

88) (CCT3 with an AUROC of 0.871, sensitivity of 92.1%, and
specificity of 70.5% and IQGAP3 with an AUROC of 0.804,
sensitivity of 81.6%, and specificity of 71.6%) and differentiating
small HCC (n = 47) from LC (CCT3 with an AUROC of 0.761,
sensitivity of 76.6%, and specificity of 70.5% and IQGAP3 with
an AUROC of 0.753, sensitivity of 74.5%, and specificity of
71.6%), which were better than that of AFP (AUROC 0.707,
sensitivity 53.2%, and specificity 68.2%) (106). For the diagnosis
of AFP-negative small HCC (n = 27), CCT3 exhibited an
AUROC of 0.84, sensitivity of 88.9%, and specificity of 70.5%,
and IQGAP3 exhibited an AUROC of 0.822, sensitivity of
85.2%, and specificity of 71.6%) (106). The combination of AFP,
CCT3, and IQGAP3 was significantly superior to AFP alone in
discriminative ability (AUROC 0.954 vs. 0.815), indicating that
the expression of CCT3 and IQGAP3 is independent of AFP
and thus complementary to AFP for AFP-negative and small
HCC diagnosis.

Thioredoxin
Thioredoxin is a thiol oxidoreductase that is ubiquitously
expressed and is highly expressed in a variety of malignancies
and associated with aggressive tumor growth and poor
survival (107–109). Its expression level positively correlated
with tumor size, Child–Pugh classification, or tumor stage of
HCC, but not with age, sex, HBV infection time, etiology,
alanine aminotransaminase, aspartate aminotransaminase, total
bilirubin, prothrombin time, and AFP levels (110). Serum
thioredoxin levels were significantly higher in HCC compared
with chronic liver diseases and exhibited positive rates of 72.7%
(40 of 55) and 69.2% (18 of 26) in ANHC and very early-
stage ANHC, respectively (110). For differentiating very early
HCC from non-HCC, thioredoxin had an AUROC of 0.901,
sensitivity of 75.2%, and specificity of 88.9%, which were higher
than that of AFP (AUROC 0.769, sensitivity 70.1%, specificity
79.4%) (110). These findings indicate that thioredoxin has the
advantage over AFP for HCC detection, particularly for very
early ANHC.

sAxl
The transforming receptor tyrosine kinase (Axl) is a member
of the tumor-associated macrophage family and upregulates in
several types of cancer and correlated with poor prognosis and
metastasis of cancers (111, 112). The extracellular portion of Axl

can be cleaved from the membrane to generate soluble Axl (sAxl)
that can be detected in serum. A retrospective multicenter study
found that sAxl was significantly increased in HCC compared
with healthy or cirrhotic subjects and continuously elevated
with the progression of HCC (113), and HCC patients with
high serum sAxl levels exhibited a significantly reduced overall
survival compared with low-level sAxl patients (median, 25.37 vs.
88.56 months). sAxl outperformed AFP for the detection of very
early HCC (BCLC 0) (AUROC 0.848 vs. 0.797; sensitivity 76.9
vs. 38.5%), and the combination of sAxl and AFP exhibited an
AUROC of 0.937, a sensitivity of 84.5%, and a specificity of 92.3%
in diagnosing HCC (113). In ANHC, sAxl was also indicated as a
valid diagnostic biomarker (AUROC 0.803, sensitivity 73.0%, and
specificity 70.8%), and in very early ANHC, sAxl presented an
even higher diagnostic value (AUROC 0.863, sensitivity 80%, and
specificity 69.2%) (113). A recent study also found that sAxl had
an AUROC of 0.898, sensitivity 84.6%, and specificity 76.3% for
the diagnosis of ANHC and had a higher diagnostic performance
(AUROC 0.881, sensitivity 94.1%, and specificity 74.2%) than
that of AFP (AUROC 0.705, sensitivity 58.8%, and specificity
73.3%) for early HCC (114). These findings implicate that sAxl
is a diagnostic biomarker with high accuracy for very early HCC
and ANHC.

OPN
Osteopontin (OPN), a secreted phosphoprotein, is associated
with tumor invasion, progression, or metastasis in multiple
types of cancer and has been considered to be a promising
target for cancer therapy (115, 116). HCC patients with elevated
plasma levels of OPN were more likely to exhibit intrahepatic
metastasis, early recurrence, and a worse prognosis (117). OPN
was also found to be a potential biomarker complementary to
AFP for HCC diagnosis. A pilot study with a small sample
size found that plasma OPN levels were significantly higher
in HCC patients than in cirrhosis patients, chronic hepatitis
patients, and healthy controls (118), with a greater AUROC
than AFP in discriminating HCC and cirrhosis patients (0.76 vs.
0.71), in discriminating early-stage HCCs and cirrhosis patients
(0.73 vs. 0.68), and in discriminating ANHC and cirrhosis
patients (0.75 vs. 0.59), and furthermore, in another cohort, an
AUROC of 0.87 was observed for distinguishing ANHC from
cirrhosis and chronic HBV. OPN was also found to be able
to detect preclinical tumors, that is, 87% of patients within
2 years preceding HCC diagnosis exhibited OPN levels above
cutoff value (118). Similar results were found in another study
(with AUROC of 0.851, sensitivity of 79.2%, and specificity of
80.5% for diagnosing HCC and AUROC of 0.838, sensitivity
of 78.3%, and specificity of 79.6% for diagnosing ANHC) (83).
A meta-analysis including 8 studies (N = 1,399) found that
serum/plasma OPN had a ability for predicting survival of HCC
patients and an accuracy comparable to AFP for HCC diagnosis
(the pooled sensitivity and specificity for OPN and AFP were 88
vs. 68% and 87 vs. 97%, respectively) (119); however, there is only
one study to evaluate OPN for the diagnosis of early or AFP-
negative HCC in this meta-analysis, so further assessment for the
diagnostic value of plasma OPN in early and AFP-negative HCC
is required.
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MCM6
Minichromosome maintenance complex component 6 (MCM6)
is a member of minichromosome maintenance proteins, which
is indispensable for DNA replication during the initiation of S
phase of the cell cycle (120). Plasma MCM6 mRNA and protein
levels were significantly upregulated in HCC and correlated with
vascular invasion, tumor progression, and lymph nodemetastasis
but not with AFP levels or clinical features (age, gender, tumor
size, HBV or HCV infection status, or Child–Pugh score) (121),
with a sensitivity of 67.2% and a specificity of 89.8% for MCM6
protein to discriminating HCC from non-HCC. Both of MCM6
mRNA and protein were positive in 76.9% of ANHC patients
and in 64.3 and 71.4% of small HCC patients, respectively (121).
However, the sample size of this study is very small; hence, further
studies are required to confirm the diagnostic value of MCM6 in
HCC patients.

CRP
C-reactive protein (CRP) is a non-specific acute-phase protein
produced by the liver in response to acute and chronic
inflammation, and elevated CRP expression has been detected
in multiple tumors and is associated with poor prognosis (122–
125). Ma et al. (126) used a high-sensitivity CRP (hs-CRP) assay,
which could be quantified as low as 0.04 mg/L of CRP and
found that serum hs-CRP levels were significantly elevated in
the HCC group compared with those in the non-HCC group
and did not correlate with tumor Edmondson grade, TNM
stage, or AFP status. Serum hs-CRP had a better performance
than AFP (AUROC 0.903 vs. 0.824, sensitivity 84.2 vs. 74.4%,
specificity 61.6 vs. 55.6%) for diagnosingHCC, and the diagnostic
performance improved when the two indicators were combined
(AUROC = 0.998, sensitivity = 94.1%), with similar positive
rates between APHC and ANHC patients (86.9 vs. 84.6%) (126),
indicating that serum hs-CRP level may be a useful diagnostic
biomarker complementary to AFP for ANHC diagnosis. Another
study also found that serum CRP-positive rate was significantly
higher in the HCC than in the LC (64.15 vs. 37.97%) (127),
and serum CRP levels were similar between ANHC and APHC
patients. The combination of serumCRPwith liver stiffness could
be complementary to AFP in the identification of ANHC patients
and help to distinguish HCC from LC.

TGM2
Tissue transglutaminase 2 (TGM2) is a stress-regulated protein
that is associated with matrix stabilization, cell adhesion
and migration, and cell death and survival (128). TGM2 in
the tumor stroma can inhibit tumor growth and metastasis
(129, 130). TGM2 is overexpressed in many types of cancer,
including pancreatic carcinoma (131), breast cancer (132),
ovarian carcinoma (133), and lung cancer (134). Interestingly,
TGM2 expression in liver tissues showed an inverse correlation
with serum AFP levels in HCC patients (135), and TGM2 was
overexpressed in some AFP-deficient HCC cell lines (SK-HEP-1
and Bel-7402) and approximately half (17/32) of ANHC tissues
but trace-expressed in APHC (3/29). Serum TGM2 levels were
significantly higher in HCC patients and positively correlated
with the histological grade and tumor size (135), indicating

that TGM2 may be a useful histological and serologic candidate
biomarker for ANHC diagnosis, although more studies are
required to confirm the value of TGM2 in ANHC diagnosis.

VASN
Vasorin (VASN) is a secreted cell surface protein that is
associated with vascular injury repair through inhibiting the
TGF-β signaling pathway (136), and its overexpression in
some human tumors can stimulate malignant progression and
angiogenesis (137). In hepatoma, VASN is capable of promoting
cell proliferation and migration and inhibiting cell apoptosis and
is regarded as a promising biological treatment target for HCC.
Higher VASN levels were verified in HCC serum compared with
that in control cohorts, with an AUROC of 0.770, sensitivity of
69%, and specificity of 80.5% for the diagnosis of HCC; VASN
was positive in 62% (23/37) of ANHC cases, indicating that VASN
may be a potential biomarker for HCC diagnosis (138).

Annexin A2
Annexin A2 is a calcium-dependent, phospholipid-binding
protein expressed on the surface of endothelial cells and
most epithelial cells (139, 140). It upregulates in multiple
tumors and plays various roles in tumorigenic processes, such
as cell proliferation, apoptosis, migration, adhesion, invasion,
and angiogenesis (141–143). Serum annexin A2 levels were
significantly higher in HCC patients compared with non-HCC
controls and did not correlate with gender, age, tumor size,
differentiation degree, BCLC staging, and AFP levels (144), with
a better performance than AFP (AUROC 0.800 vs. 0.690) for
distinguishing HCC from hepatitis and cirrhosis. For early-stage
HCC, annexin A2 also had a better diagnostic performance
(AUROC 0.79, sensitivity 83.2%, and specificity 67.5%) compared
with AFP (AUROC 0.73, sensitivity 54.7%, and specificity 81.3%),
and the combination of annexin A2 with AFP improved the
sensitivity and specificity up to 87.4 and 68.3% for early-stage
HCC (144). Importantly, in ANHC patients (n = 74), annexin
A2 had an AUROC of 0.77, sensitivity of 89.2%, and specificity of
58.5% (144). Thus, annexin A2 might be an important candidate
biomarker for the diagnosis of ANHC and early-stage HCC.

HCCR-1
Human cervical cancer oncogene 1 (HCCR-1) is a novel
human oncoprotein associated with human cervical cancer and
upregulated in various human tumors in tumorigenesis and
tumor progression (145, 146). HCCR-1 expression is high in
HCC, moderate in LC, and at basal levels in normal control
and chronic hepatitis, with higher detection accuracy (78.2%)
than AFP (64.6%) for discrimination between HCC and LC.
Serum HCCR was positive in 76.9% (40 of 52) ANHC patients
(147); in addition, nine patients with metastatic lesions who were
negative for AFP were positive for HCCR. However, another
study showed that HCCR-1 has a positive rate of only 48.5%
(63 of 130) in ANHC (148). In a multicenter prospective study
(5), HCCR-1 levels did not significantly correlate with HCC
clinicopathological characteristics such as age, gender, tumor
size, and lymph node metastasis, but positively correlated with
histological grading. Interestingly, AFP was positive in 97 of 164
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(59.1%) HCCR-1-negative HCC patients, and the positive rate
was up to 77.2% in combination of both AFP and HCCR-1,
indicating that HCCR-1 expression is not associated with AFP
levels in many HCC cases and thus HCCR-1 can complementary
to AFP for ANHC diagnosis.

CYP17A1
The cytochrome P450, family 17, subfamily A, polypeptide 1
(CYP17A1), is a secretory protein that is overexpressed in the
liver tissues of HCC model mice at both preneoplastic and
neoplastic stages and in human HCC tissues compared with
paired non-tumor tissues and other malignant tumors (lung
cancer and prostate cancer) (149). Serum CYP17A1 exhibited
better diagnostic performance than did AFP in differentiating
HCC vs. healthy controls, with an AUROC of 0.91, sensitivity
of 86.9%, and specificity of 76.8% for CYP17A1 and an AUROC
of 0.78, sensitivity of 65.6%, and specificity of 65.6% for AFP
(149). More importantly, serum CYP17A1 levels were positive
in 89.1% of ANHC cases and not significantly different between
ANHC andAPHC (149), indicating that CYP17A1 is a promising
biomarker for ANHC detection.

GS
Glutamine synthetase (GS) is a metabolic enzyme that catalyzes
the synthesis of glutamine (a major energy source of tumor cells)
and has been revealed as a sensitive and specific indicator for
the development of HCC (150). Liu et al. (151) found that the
serum levels of GS in HCC patients were higher compared with
liver cirrhosis patients and healthy controls, and the AUROCs
of GS and AFP for HCC diagnosis were 0.848 and 0.861,
respectively, while the AUROC was 0.913 (sensitivity 81.9%,
specificity 100%) for differentiating ANHC from healthy control,
and the sensitivity and specificity achieved to 82.5 and 93% when
combining GS with AFP. Those results indicate that GS may be a
valuable biomarker for HCC diagnosis, especially for ANHC.

AGP
Alpha-1 acid glycoprotein (AGP) is an acute-phase glycoprotein
synthesized mainly by hepatocytes and has different glycoforms
dependent on the pathophysiological conditions (152), and
multifucosylated AGP can be used as a novel biomarker for HCC
(153). Liang et al. (154) found the trifucosylated N-glycan of
AGP presented in HCC patients but absent in healthy controls
and most cirrhosis patients and could differentiate HCC from
cirrhosis with AUROCs of 0.707–0.751 in various causes of liver
diseases and exhibited an AUROC of 0.709, sensitivity of 52%,
and specificity of 80% for differentiating ANHC from LC. These
results suggest that the AGP could serve as a potential marker for
diagnosing HCC, including ANHC.

Serum Autoantibodies
At a relatively early stage of carcinogenesis, a small amount of
tumor antigens can be produced by tumor cells and leads to the
generation of autoantibodies. These autoantibodies are stable in
blood circulation and remain elevated for a long time. Therefore,
the detection of autoantibodies can improve the early detection
of tumors that are difficult to detect directly (155). Many
autoantibodies have been investigated for the early detection of

ANHC, such as autoantibodies to centromere protein F and heat
shock protein (HSP60), which were found to be positive in 73.6
and 79.3% cases of early-stage ANHC, respectively (156).

IgG-L3%
HCC-derived immunoglobulin G (IgG) and its abnormal
glycosylations are related to carcinogenesis. The fraction of Lens
culinaris agglutinin binding IgG (IgG-L3) among total serum
IgG (IgG-L3%) was found to gradually increase from healthy
volunteers, HBV carriers, and patients with LC to HCC patients,
including ANHC patients, and to be more valuable than AFP
for the diagnosis of HBV-related HCC (157), with an AUROC
0.835 vs. 0.718, accuracy 81.3 vs. 78.0%, sensitivity 86.7 vs.
66.7%, and specificity 77.8 vs. 85.6%, and also to be valuable
for distinguishing ANHC (n = 123) from non-HCC (n = 234)
(AUROC of 0.795, sensitivity of 80.5%, specificity of 70.0%)
and from LC (n = 71) (AUROC of 0.711, sensitivity of 80.5%,
specificity of 58.6%). In addition, patients with a high IgG-
L3% value had a significantly lower overall survival rate than
patients with low IgG-L3% value, and serum IgG-L3% values
reduced after surgery and increased with recurrence. These
results indicate that IgG-L3% could be a potential diagnostic and
prognostic biomarker in HBV-related HCC.

DHCR24 Ab
Serum 3β-hydroxysterol 124-reductase antibody (DHCR24 Ab)
is an autoimmune protein that is remarkably upregulated in
HCV-infection patients and can be exploited as diagnostic
biomarker for HCV-mediated HCC, but not for HBV-related
diseases (158), with a higher AUROC than AFP and PIVKA-II
in discriminating HCV-mediated chronic hepatitis from HCV-
mediated HCC patients (0.860 vs. 0.840 and 0.780) and no
correlation with serum AFP or PIVKA-II levels. It was revealed
that 73.4% (58/79) of ANHC patients exhibited elevated serum
DHCR24 Ab levels. Serum DHCR24 Ab may represent a
potential biomarker for the diagnosis of HCV-related HCC with
negative AFP.

Anti-Ku86
Ku86 is the regulatory region of a DNA-dependent protein
kinase that is involved in multiple biological processes,
including DNA double-strand break repair, recombination,
telomere length maintenance, cell cycle progression, and
transcriptional regulation (159). Its autoantibody, serum anti-
Ku86, is significantly elevated in HCC patients compared with
LC patients and decreased after surgical resection with a positive
rate of 60.7% in small early-stage HCC with 90% specificity,
whereas the sensitivities of AFP and PIVKA-II were 17.8 and
21.4%, respectively. Anti-Ku86 was not correlated with AFP and
was positive in 61.7% (37/60) of ANHC cases (159). Therefore,
the serum anti-Ku86 antibody may be a potential biomarker for
the early detection of ANHC (160).

Some studies have shown low sensitivities of autoantibodies
for ANHC diagnosis. The sensitivities of three autoantibodies
(against nucleophosmin1, 14-3-3zeta, and mouse double minute
2 homolog proteins) for diagnosing ANHC ranged from 19.6
to 21.4%, with a specificity of 95% (161). Using a mini-array
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of multiple tumor-associated antigens as target antigens could
enhance the detection of autoantibodies in cancer (162). In
addition, a study found that the combination of autoantibodies
against multiple TAAs was positive in 7 of 8 ANHC patients and
in 6 of 8 small HCC patients, indicating that the combination
analysis of anti-TAAs appears to be able to improve the diagnosis
performance for ANHC (163).

New Protein Biomarkers Identified by “omics”
The proteome is a collection of all proteins in a biological
sample. Tumor cells can secret proteins or shed proteins from
its surface into body fluids as a source for the discovery of
potential cancer biomarkers (164, 165). With the development
of proteomics technology, numerous proteomic studies have
been performed to examine specific protein profiles for the early
detection of ANHC. Wu et al. (166) found 45 differentially
changed serum protein/peptide peaks in HCC compared with
LC using mass spectrometry techniques, and the most significant
peak, 3,892, yielded 69.0% sensitivity, 83.3% specificity, and
80% positive predictive value in distinguishing HCC from LC
and a favorable positive value for ANHC patients (6/8). He et
al. (167) quantitatively screened out 24 differentially expressed
proteins from patients with HBV-related ANHC, HBV without
HCC, and healthy control subjects by using the combination
of liquid chromatography and tandem mass spectrometry with
isobaric tags for relative and absolute quantitation, of which
15 proteins were upregulated and 9 downregulated, but their
diagnostic significance is to be assessed. She et al. (168)
also revealed 14 abnormally expressed proteins specific to
HCC by mass spectrometry and found CRP for the diagnosis
of ANHC with an AUROC of 0.724, sensitivity of 73.0%,
and specificity of 60.0%. Haptoglobin was identified with an
AUROC of 0.763 for the diagnosis of ANHC (n = 49) from
LC (n= 86) (169).

In addition to serum, tissue interstitial fluid was also used
to identify differentially expressed proteins. Zhang et al. (170)
found that two overexpressed extracellular matrix proteins from
tissue interstitial fluid, SPARC (a glycoprotein involved in cell
growth regulation through interactions with the ECM and
cytokines), and thrombospondin-2 (THBS2) were valuable for
HCC diagnosis. The combination of serum SPARC and THBS2
for distinguishing HCC (n = 44) with an AUROC of 0.97,
sensitivity of 86%, and specificity of 100% and ANHC (n = 22)
with an AUROC of 0.95, sensitivity of 91%, and specificity of 93%
from healthy controls (n = 30) (170), and HCC patients with
high THBS2 levels had significantly shorter disease-free survival
and overall survival than those with low THBS2 levels, indicating
that serum THBS2 could be used as a novel indicator for a poor
prognosis of HCC.

Conventional Laboratory Tests
Routine laboratory tests are a large pool of data that containmuch
disease-related information that can be used for the diagnosis
and prognosis of diseases. Jing et al. (7) found that routine
laboratory test indicators, serum pre-albumin and D-Dimer,
were valuable for diagnosing ANHC, with an AUROC of 0.900,
sensitivity of 90.1%, and specificity of 86.3% for pre-albumin

and 0.868, sensitivity of 73.8%, and specificity of 87.1% for D-
Dimer, and the combination of these two indicators provided an
AUROC of 0.941, sensitivity of 85.7%, and specificity of 89.2%
for the diagnosis of ANHC. Moreover, low levels of pre-albumin
and high levels of D-Dimer were independent predictors of an
unfavorable outcome for ANHC (7). Huang et al. (171) also
found that the combination of fibrinogen to pre-albumin ratio
and gamma-glutamyl transpeptidase to platelet ratio had a good
ability to detect ANHC from the control group (AUROC =

0.977), AFP-negative chronic hepatitis (AUC= 0.745), and AFP-
negative LC (AUC = 0.666) and possessed a larger area (0.943,
0.971) than fibrinogen to pre-albumin ratio and gamma-glutamyl
transpeptidase to platelet ratio alone for differentiating small or
early ANHC.

Mining the hidden information from abundant routine
laboratory tests and establishing disease-predictive models can
exhibit advantages of a least costly and noninvasive method. Data
mining has been shown to be a successful way that automates
analysis of data repositories and establishes models to make
predictions, classifications, clustering, and clinical decision-
making based on the core methodology called machine learning
(172, 173). Best et al. (174) established a diagnostic algorithm
based on age, sex, and tumor biomarkers of AFP, AFP-L3,
and DCP for the diagnosis of HCC, and the model showed
a sensitivity of 67.5% and specificity over 90% for diagnosing
ANHC and an AUROC of 0.924, specificity of 93.3%, and
sensitivity of 85.6% for diagnosing early-stage HCC.

Incorporation of some new biomarkers into a diagnostic
model may be valuable to improve the diagnostic performance
of the model. Wang et al. (175) found that fucosylation was
elevated in HCC patients compared with cirrhotic patients and
developed a diagnostic model that incorporated fucosylated
kininogen with age, gender, serum alkaline phosphatase,
alanine aminotransaminase levels, and AFP for predicting HCC
incidence. This model has an AUROC of 0.970 and a true positive
rate of 89% for detecting ANHC and early-stage HCC patients,
whereas the AUROC of AFP was 0.597 with a true positive rate
of 0% at a 5% false positive rate and presented better diagnostic
performance compared with their previous model based on
simple clinical metrics.

Conventional demographic and clinical characteristics also
had been used for the diagnosis of ANHC. For a non-
invasive prediction of ANHC, Luo et al. (176) developed a
logistic regression model based on the combination of multiple
hematological parameters including mean platelet volume,
red blood cell distribution width, mean platelet volume to
platelet count ratio, neutrophil/lymphocyte ratio, and platelet
count/lymphocyte ratio, and this model presented superior
diagnostic efficiency with an AUROC of 0.922, sensitivity of
83.0%, and specificity of 93.1%, and high diagnostic efficiency
for the early diagnosis of ANHC and was confirmed in four
validation sets from different hospitals, with AUROCs of 0.839–
0.901, sensitivities of 78.3–87.7%, and specificities of 88.9–
92.5%. We also used clinical metrics to establish a model for
identifying HCC at various AFP levels in cirrhotic patients by
binary logistic stepwise regression analysis (177), and the model
incorporating 6 parameters (indicators of age, AFP, Na+, Cl–,
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TABLE 1 | New blood biomarkers with potential value for AFP-negative hepatocellular carcinoma diagnosis.

Biomarkers Molecule type Method Subject

number

Diagnostic performance References

AUROC Sensitivity (%) Specificity (%)

Mutations of circulating

cell-free DNA

DNA Next-generation

sequencing

Cases: 33

Controls: 37

0.960 73.0 100 (37)

Circulating cell-free DNA DNA Fluorescence intensity

measurement

Cases: 193

Controls: 876

0.836 73.6 79.7 (39)

miR-21 RNA Quantitative RT-PCR Cases: 58

Controls: 278

0.831 81.2 83.2 (43)

miR-15b and miR-130b

classifier

RNA Qpcr Cases: 30

Controls: 59

0.980 96.7 91.5 (44)

miR-363-5p, miR-765 with

PIVKA-II

RNA+ protein Qrt-PCR+ ELISA Cases: 214

Controls: 410

0.930 79.4 95.4 (45)

miR-125b and miR-27a RNA Qrt-PCR Cases: 38

Controls: 48

0.845 80.0 87.2 (46)

miRNA classifier (miR-29a,

miR-29c, miR-133a,

miR-143, miR-145,

miR-192, and miR-505)

RNA Qpcr Cases: 66

Controls: 199

0·825 75.8 88.2 (47)

CircPanel

(hsa_circ_0000976,

hsa_circ_0007750, and

hsa_circ_0139897)

circRNAs Qpcr Cases: UK

Controls: 236

0.851 83.0 87.3 (58)

DCP/PIVKA-II Protein ECLIA

CLEIA

Cases: 76

Controls: 285

0.856 76.3 89.1 (62)

AFP-L3 Protein Microchip capillary

electrophoresis and

liquid-phase binding

assay

Cases: 270

Controls: 396

0.707 41.5 85.1 (63)

AFP-L3+ PIVKA-II Protein Microchip capillary

electrophoresis and

liquid-phase binding

assay

Cases: 38

Controls: 74

0.939 92.1 79.7 (64)

AKR1B10 Protein Time-resolved

fluorescent kit

Cases: 73

Controls: 280

0.891 71.2 92.6 (74)

DKK1 Glycoprotein ELISA Cases: 179

Controls: 407

0·841 70·4 90·0 (81)

MDK Protein ELISA Cases: 121

Controls: 455

0.926 89.2 UK (85)

Hsp90α Protein ELISA Cases: 197

Controls: 743

0.971 93.9 91.3 (88)

ANGPTL2 Glycoprotein ELISA Cases: 30

Controls: 35

0.919 NA NA (91)

CAP2 Protein ELISA Cases: 35

Controls: 49

0.840 82.9 79.6 (99)

CCT3 Protein ELISA Cases: 38

Controls: 88

0.871 92.1 70.5 (106)

IQGAP3 Protein ELISA Cases: 38

Controls: 88

0.804 81.6 71.6 (106)

Soluble Axl Protein ELISA Cases: 137

Controls: 65

0.803 73.0 70.8 (113)

OPN Phosphoprotein ELISA Cases: 20

Controls: 23

0.870 AN NA (118)

MCM6 Protein ELISA Cases: 13

Controls: 59

0.857 76.9 89.8 (121)

CRP Protein Laser nephelometry Cases: 65

Controls: 64

UK 95.9 92.2 (126)

Annexin A2 Protein ELISA Cases: 74

Controls: 123

0.770 89.2 58.5 (144)

(Continued)
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TABLE 1 | Continued

Biomarkers Molecule type Method Subject

number

Diagnostic performance References

AUROC Sensitivity (%) Specificity (%)

CYP17A1 Protein ELISA Cases: 267

Controls: 366

NA 89.1 NA (149)

GS Protein ELISA Cases: 75

Controls: 57

0.913 81.9 100 (151)

AGP glycoprotein ELISA Cases: 44

Controls: 58

0.709 52.0 80.0 (154)

Pre-albumin Protein Turbidimetry Cases: 214

Controls: 210

0.900 90.1 86.3 (7)

D-Dimer Protein Immunoturbidimetry Cases: 214

Controls: 210

0.868 73.8 87.1 (7)

AUROC, area under the receiver operating characteristic curve; DCP, des-gamma-carboxy prothrombin; PIVKA-II, prothrombin induced by vitamin K absence II; AFP-L3, α-fetoprotein

fraction L3; AKR1B10, aldo-keto reductase family 1 member B10; DKK1, dickkopf-1; MDK, midkine; Hsp90α, heat shock protein 90alpha; ANGPTL2, angiopoietin-like protein 2;

PON1, paraoxonase 1; CAP2, cyclase-associated protein 2; CCT3, chaperonin containing TCP1 complex subunit 3; IQGAP3, IQ-motif-containing GTPase-activating protein-3; Axl,

the transforming receptor tyrosine kinase; OPN, osteopontin; MCM6, minichromosome maintenance complex component 6; CRP, c-reactive protein; TGM2, tissue transglutaminase

2; CYP17A1, the cytochrome P450, family 17, subfamily A, polypeptide 1; GS, glutamine synthetase; AGP, alpha-1 acid glycoprotein; UK, unknown; qPCR, real-time quantitative PCR;

qRT-PCR, quantitative real-time polymerase chain reaction; ECLIA, electrochemiluminescence immunoassay; CLEIA, chemiluminescence enzyme immunoassay.

alkaline phosphatase, and activated partial thromboplastin time)
showed an AUROC of 0.854, 68.5% sensitivity, 86.6% specificity,
and 80.0% accuracy for the identification of cirrhotic patients
with ANHC.

SUMMARY AND CONCLUSIONS

Because the diagnosis of ANHC is a challenge in clinical
practice, many studies have been conducted to identify new
blood biomarkers complementary to AFP for the diagnosis
of HCC, including ANHC. The new blood biomarkers with
potential value for ANHC diagnosis are summarized in Table 1.
These new blood biomarkers consist of three types: DNA, RNA,
and protein. Although these new biomarkers appear valuable
for ANHC diagnosis, the results were usually obtained from
monometer, preclinical studies with small sample sizes; therefore,
further assessment in studies with large sample sizes, multiple
centers, and a more rigorous design should be performed to
validate the clinical diagnostic value of these biomarkers. A
single biomarker alone is usually insufficient in sensitivity and

specificity for the clinical detection of ANHC. The combination
of several biomarkers including clinical variables could enhance
the diagnostic performance for ANHC detection; thus, the

development and validation of diagnostic models may be a
promising approach to achieve a high efficiency for ANHC
diagnosis. Conclusively, it remains a challenge to diagnose
ANHC using blood biomarkers, and continuous efforts should
be made in discovering new biomarkers, validating current
biomarkers, and incorporating multiple biomarkers.

AUTHOR CONTRIBUTIONS

TW wrote the initial draft. K-HZ revised the review. All authors
checked and approved the final version.

FUNDING

This work was supported by the National Natural Science
Foundation of China (81760536) and Jiangxi Provincial
Department of Science and Technology, China (20171ACB21055
and 20192BBG70048).

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality

worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–

424. doi: 10.3322/caac.21492

2. Sayiner M, Golabi P, Younossi ZM. Disease burden of hepatocellular

carcinoma: a global perspective. Dig Dis Sci. (2019) 64:910–

7. doi: 10.1007/s10620-019-05537-2

3. Terentiev AA, Moldogazieva NT. Alpha-fetoprotein: a renaissance. Tumor

Biol. (2013) 34:2075–91. doi: 10.1007/s13277-013-0904-y

4. Gupta S, Bent S, Kohlwes J. Test characteristics of alpha-fetoprotein

for detecting hepatocellular carcinoma in patients with hepatitis

C. a systematic review and critical analysis. Ann Intern Med.

(2003) 139:46–50. doi: 10.7326/0003-4819-139-1-200307010-

00012

5. Zhang G, Ha SA, Kim HK, Yoo J, Kim S, Lee YS, et al. Combined

analysis of AFP and HCCR-1 as an useful serological marker for small

hepatocellular carcinoma: a prospective cohort study. Dis Markers. (2012)

32:265–71. doi: 10.1155/2012/964036

6. Farinati F, Marino D, de Giorgio M, Baldan A, Cantarini M, Cursaro C,

et al. Diagnostic and prognostic role of alpha-fetoprotein in hepatocellular

carcinoma: both or neither? Am J Gastroenterol. (2006) 101:524–

32. doi: 10.1111/j.1572-0241.2006.00443.x

7. Jing W, Peng R, Zhu M, Lv S, Jiang S, Ma J, et al. Differential expression and

diagnostic significance of pre-albumin, fibrinogen combined with D-dimer

in AFP-negative hepatocellular carcinoma. Pathol Oncol Res. (2019) 26:1669–

76. doi: 10.1007/s12253-019-00752-8

Frontiers in Oncology | www.frontiersin.org 12 August 2020 | Volume 10 | Article 1316

https://doi.org/10.3322/caac.21492
https://doi.org/10.1007/s10620-019-05537-2
https://doi.org/10.1007/s13277-013-0904-y
https://doi.org/10.7326/0003-4819-139-1-200307010-00012
https://doi.org/10.1155/2012/964036
https://doi.org/10.1111/j.1572-0241.2006.00443.x
https://doi.org/10.1007/s12253-019-00752-8
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Wang and Zhang Biomarkers for AFP-Negative HCC Diagnosis

8. Thompson CJ, Rogers G, Hewson P, Wright D, Anderson R, Cramp M,

et al. Surveillance of cirrhosis for hepatocellular carcinoma: systematic

review and economic analysis. Health Technol Assess. (2007) 11:1–

206. doi: 10.3310/hta11340

9. Bai DS, Zhang C, Chen P, Jin SJ, Jiang GQ. The prognostic correlation

of AFP level at diagnosis with pathological grade, progression, and

survival of patients with hepatocellular carcinoma. Sci Rep. (2017)

7:12870. doi: 10.1038/s41598-017-12834-1

10. Carr BI, Guerra V. Low alpha-fetoprotein levels are associated with

improved survival in hepatocellular carcinoma patients with portal vein

thrombosis. Digest Dis Sci. (2016) 61:937–47. doi: 10.1007/s10620-015-

3922-3

11. An SL, Xiao T, Wang LM, Rong WQ, Wu F, Feng L, et al. Prognostic

significance of preoperative serum alpha- fetoprotein in hepatocellular

carcinoma and correlation with clinicopathological factors: a single-

center experience from China. Asian Pac J Cancer Prev. (2015) 16:4421–

7. doi: 10.7314/APJCP.2015.16.10.4421

12. Xu Y, Lu X, Mao Y, Sang X, Zhao H, Du S, et al. Clinical diagnosis and

treatment of alpha-fetoprotein-negative small hepatic lesions. Chin J Cancer

Res. (2013) 25:382–8. doi: 10.3978/j.issn.1000-9604.2013.08.12

13. Xu J, Liu C, Zhou L, Tian F, Tai MH, Wei JC, et al. Distinctions between

clinicopathological factors and prognosis of alpha-fetoprotein negative and

positive hepatocelluar carcinoma patients. Asian Pac J Cancer Prev. (2012)

13:559–62. doi: 10.7314/APJCP.2012.13.2.559

14. Li SP, Wu LQ. [Impact of serum alpha-fetoprotein level on short-

term recurrence after R0 resection in primary hepatocellular

carcinoma]. Zhonghua Wai Ke Za Zhi. (2013) 51:600–3.

doi: 10.3760/cma.j.issn.0529-5815.2013.07.006

15. Zhou J, Yan T, Bi X, Zhao H, Huang Z, Zhang Y, et al. Evaluation

of seven different staging systems for alpha-fetoprotein expression in

hepatocellular carcinoma after hepatectomy. Tumour Biol. (2013) 34:1061–

70. doi: 10.1007/s13277-013-0646-x

16. Wang NY, Wang C, Li W, Wang GJ, Cui GZ, He H, et al. Prognostic

value of serum AFP, AFP-L3, and GP73 in monitoring short-term

treatment response and recurrence of hepatocellular carcinoma after

radiofrequency ablation. Asian Pac J Cancer Prev. (2014) 15:1539–

44. doi: 10.7314/APJCP.2014.15.4.1539

17. Xia Y, Yan ZL, Xi T, Wang K, Li J, Shi LH, et al. A case-

control study of correlation between preoperative serum AFP and

recurrence of hepatocellular carcinoma after curative hepatectomy.

Hepatogastroenterology. (2012) 59:2248–54. doi: 10.5754/hge11978

18. Bi X, Yan T, Zhao H, Zhao J, Li Z, Huang Z, et al. [Correlation

of alpha fetoprotein with the prognosis of hepatocellular carcinoma

after hepatectomy in an ethnic Chinese population]. Zhonghua Yi

Xue Za Zhi. (2014) 94:2645–9. doi: 10.3760/cma.j.issn.0376-2491.2014.

34.002

19. Singal AG, Chan V, Getachew Y, Guerrero R, Reisch JS, Cuthbert JA.

Predictors of liver transplant eligibility for patients with hepatocellular

carcinoma in a safety net hospital. Dig Dis Sci. (2012) 57:580–

6. doi: 10.1007/s10620-011-1904-7

20. Eurich D, Boas-Knoop S, Morawietz L, Neuhaus R, Somasundaram R, Ruehl

M, et al. Association of mannose-binding lectin-2 gene polymorphism with

the development of hepatitis C-induced hepatocellular carcinoma. Liver Int.

(2011) 31:1006–12. doi: 10.1111/j.1478-3231.2011.02522.x

21. Liu C, Xiao GQ, Yan LN, Li B, Jiang L, Wen TF, et al. Value

of alpha-fetoprotein in association with clinicopathological features

of hepatocellular carcinoma. World J Gastroenterol. (2013) 19:1811–

9. doi: 10.3748/wjg.v19.i11.1811

22. Ilikhan SU, Bilici M, Sahin H, Akca AS, Can M, Oz II, et al. Assessment

of the correlation between serum prolidase and alpha-fetoprotein levels

in patients with hepatocellular carcinoma. World J Gastroenterol. (2015)

21:6999–7007. doi: 10.3748/wjg.v21.i22.6999

23. Abbasi A, Bhutto AR, Butt N, Munir SM. Corelation of serum alpha

fetoprotein and tumor size in hepatocellular carcinoma. J Pak Med Assoc.

(2012) 62:33–6.

24. Tang H, Tang XY, Liu M, Li X. Targeting alpha-fetoprotein represses the

proliferation of hepatoma cells via regulation of the cell cycle. Clin Chim

Acta. (2008) 394:81–8. doi: 10.1016/j.cca.2008.04.012

25. Lu Y, Zhu M, Li W, Lin B, Dong X, Chen Y, et al. Alpha fetoprotein plays a

critical role in promoting metastasis of hepatocellular carcinoma cells. J Cell

Mol Med. (2016) 20:549–58. doi: 10.1111/jcmm.12745

26. Parpart S, Roessler S, Dong F, Rao V, Takai A, Ji J, et al. Modulation of miR-

29 expression by alpha-fetoprotein is linked to the hepatocellular carcinoma

epigenome. Hepatology. (2014) 60:872–83. doi: 10.1002/hep.27200

27. Sunagozaka H, Honda M, Yamashita T, Nishino R, Takatori H, Arai K, et

al. Identification of a secretory protein c19orf10 activated in hepatocellular

carcinoma. Int J Cancer. (2011) 129:1576–85. doi: 10.1002/ijc.25830

28. Zhang L, Wang K, Deng Q, Li W, Zhang X, Liu X. Identification of

key hydroxymethylated genes and transcription factors associated with

alpha-fetoprotein-negative hepatocellular carcinoma. Dna Cell Biol. (2019)

38:1346–56. doi: 10.1089/dna.2019.4689

29. Gorog D, Regoly-Merei J, Paku S, Kopper L, Nagy P. Alpha-fetoprotein

expression is a potential prognostic marker in hepatocellular carcinoma.

World J Gastroenterol. (2005) 11:5015–8. doi: 10.3748/wjg.v11.i32.5015

30. Zheng M, Ruan Y, Yang M, Guan Y, Wu Z. The comparative study on

ultrastructure and immunohistochemistry in AFP negative and positive

hepatocellular carcinoma. J Huazhong Univ Sci Technolog Med Sci. (2004)

24:547–9:559. doi: 10.1007/BF02911350

31. Sun J, Zhao Y, Qin L, Li K, Zhao Y, SunH, et al. Metabolomic profiles for HBV

related hepatocellular carcinoma including alpha-fetoproteins positive and

negative subtypes. Front Oncol. (2019) 9:1069. doi: 10.3389/fonc.2019.01069

32. Lu Y, Fang Z, Li M, Qian C, Zeng T, Lu L, et al. Dynamic edge-based

biomarker noninvasively predicts hepatocellular carcinoma with hepatitis B

virus infection for individual patients based on blood testing. J Mol Cell Biol.

(2019) 11:665–77. doi: 10.1093/jmcb/mjz025

33. Zheng J, Zhu MY, Wu F, Kang B, Liang J, Heskia F, et al. A blood-based 22-

gene expression signature for hepatocellular carcinoma identification. Ann

Transl Med. (2020) 8:195. doi: 10.21037/atm.2020.01.93

34. Fleischhacker M, Schmidt B. Circulating nucleic acids (CNAs)

and cancer–a survey. Biochim Biophys Acta. (2007) 1775:181–

232. doi: 10.1016/j.bbcan.2006.10.001

35. Jung K, Fleischhacker M, Rabien A. Cell-free DNA in the blood as a solid

tumor biomarker–a critical appraisal of the literature.Clin Chim Acta. (2010)

411:1611–24. doi: 10.1016/j.cca.2010.07.032

36. Ye Q, Ling S, Zheng S, Xu X. Liquid biopsy in hepatocellular carcinoma:

circulating tumor cells and circulating tumor DNA. Mol Cancer. (2019)

18:114. doi: 10.1186/s12943-019-1043-x

37. Xiong Y, Xie CR, Zhang S, Chen J, Yin ZY. Detection of a novel

panel of somatic mutations in plasma cell-free DNA and its diagnostic

value in hepatocellular carcinoma. Cancer Manag Res. (2019) 11:5745–

56. doi: 10.2147/CMAR.S197455

38. Iizuka N, Sakaida I, Moribe T, Fujita N, Miura T, Stark M, et al. Elevated

levels of circulating cell-free DNA in the blood of patients with hepatitis C

virus-associated hepatocellular carcinoma.Anticancer Res. (2006) 26:4713–9.

39. Wang T, Zhang KH, Hu PP, Huang ZY, Zhang P, Wan QS, et al. Simple

and robust diagnosis of early, small and AFP-negative primary hepatic

carcinomas: an integrative approach of serum fluorescence and conventional

blood tests. Oncotarget. (2016) 7:64053–70. doi: 10.18632/oncotarget.11771

40. Wang T, Zhang KH, Hu PP, Wan QS, Han FL, Zhou JM, et al. Combination

of dual serum fluorescence, AFP and hepatic function tests is valuable to

identify HCC in AFP-elevated liver diseases. Oncotarget. (2017) 8:97758–

68. doi: 10.18632/oncotarget.22050

41. Callegari E, Elamin BK, Sabbioni S, Gramantieri L, Negrini M. Role of

microRNAs in hepatocellular carcinoma: a clinical perspective. Onco Targets

Ther. (2013) 6:1167–78. doi: 10.2147/OTT.S36161

42. Feng YH, Tsao CJ. Emerging role of microRNA-21 in cancer. Biomed Rep.

(2016) 5:395–402. doi: 10.3892/br.2016.747

43. Guo X, Lv X, Lv X, Ma Y, Chen L, Chen Y. Circulating miR-21 serves as a

serum biomarker for hepatocellular carcinoma and correlated with distant

metastasis. Oncotarget. (2017) 8:44050–8. doi: 10.18632/oncotarget.17211

44. Liu AM, Yao TJ, Wang W, Wong KF, Lee NP, Fan ST, et al. Circulating

miR-15b and miR-130b in serum as potential markers for detecting

hepatocellular carcinoma: a retrospective cohort study. BMJ Open. (2012)

2:e825. doi: 10.1136/bmjopen-2012-000825

45. Tian Z, Yu T, Wei H, Ning N. Clinical value of LHPP-associated microRNAs

combined with protein induced by vitamin K deficiency or antagonist-II in

Frontiers in Oncology | www.frontiersin.org 13 August 2020 | Volume 10 | Article 1316

https://doi.org/10.3310/hta11340
https://doi.org/10.1038/s41598-017-12834-1
https://doi.org/10.1007/s10620-015-3922-3
https://doi.org/10.7314/APJCP.2015.16.10.4421
https://doi.org/10.3978/j.issn.1000-9604.2013.08.12
https://doi.org/10.7314/APJCP.2012.13.2.559
https://doi.org/10.3760/cma.j.issn.0529-5815.2013.07.006
https://doi.org/10.1007/s13277-013-0646-x
https://doi.org/10.7314/APJCP.2014.15.4.1539
https://doi.org/10.5754/hge11978
https://doi.org/10.3760/cma.j.issn.0376-2491.2014.34.002
https://doi.org/10.1007/s10620-011-1904-7
https://doi.org/10.1111/j.1478-3231.2011.02522.x
https://doi.org/10.3748/wjg.v19.i11.1811
https://doi.org/10.3748/wjg.v21.i22.6999
https://doi.org/10.1016/j.cca.2008.04.012
https://doi.org/10.1111/jcmm.12745
https://doi.org/10.1002/hep.27200
https://doi.org/10.1002/ijc.25830
https://doi.org/10.1089/dna.2019.4689
https://doi.org/10.3748/wjg.v11.i32.5015
https://doi.org/10.1007/BF02911350
https://doi.org/10.3389/fonc.2019.01069
https://doi.org/10.1093/jmcb/mjz025
https://doi.org/10.21037/atm.2020.01.93
https://doi.org/10.1016/j.bbcan.2006.10.001
https://doi.org/10.1016/j.cca.2010.07.032
https://doi.org/10.1186/s12943-019-1043-x
https://doi.org/10.2147/CMAR.S197455
https://doi.org/10.18632/oncotarget.11771
https://doi.org/10.18632/oncotarget.22050
https://doi.org/10.2147/OTT.S36161
https://doi.org/10.3892/br.2016.747
https://doi.org/10.18632/oncotarget.17211
https://doi.org/10.1136/bmjopen-2012-000825
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Wang and Zhang Biomarkers for AFP-Negative HCC Diagnosis

the diagnosis of alpha-fetoprotein-negative hepatocellular carcinoma. J Clin

Lab Anal. (2020) 34:e23071. doi: 10.1002/jcla.23071

46. Zuo D, Chen L, Liu X, Wang X, Xi Q, Luo Y, et al. Combination

of miR-125b and miR-27a enhances sensitivity and specificity of AFP-

based diagnosis of hepatocellular carcinoma. Tumor Biol. (2015) 37:6539–

49. doi: 10.1007/s13277-015-4545-1

47. Lin X, Chong Y, Guo Z, Xie C, Yang X, Zhang Q, et al. A serum

microRNA classifier for early detection of hepatocellular carcinoma:

a multicentre, retrospective, longitudinal biomarker identification

study with a nested case-control study. Lancet Oncol. (2015)

16:804–15. doi: 10.1016/S1470-2045(15)00048-0

48. Chen LL. The biogenesis and emerging roles of circular RNAs. Nat Rev Mol

Cell Biol. (2016) 17:205–11. doi: 10.1038/nrm.2015.32

49. Sun H, Tang W, Rong D, Jin H, Fu K, Zhang W, et al. Hsa_circ_0000520,

a potential new circular RNA biomarker, is involved in gastric carcinoma.

Cancer Biomark. (2018) 21:299–306. doi: 10.3233/CBM-170379

50. Li P, Chen S, Chen H, Mo X, Li T, Shao Y, et al. Using circular RNA as a novel

type of biomarker in the screening of gastric cancer. Clin Chim Acta. (2015)

444:132–6. doi: 10.1016/j.cca.2015.02.018

51. Li T, Shao Y, Fu L, Xie Y, Zhu L, Sun W, et al. Plasma circular RNA profiling

of patients with gastric cancer and their droplet digital RT-PCR detection. J

Mol Med. (2018) 96:85–96. doi: 10.1007/s00109-017-1600-y

52. Yin WB, Yan MG, Fang X, Guo JJ, Xiong W, Zhang RP. Circulating circular

RNA hsa_circ_0001785 acts as a diagnostic biomarker for breast cancer

detection. Clin Chim Acta. (2018) 487:363–8. doi: 10.1016/j.cca.2017.10.011

53. Zhu X, Wang X, Wei S, Chen Y, Chen Y, Fan X, et al. hsa_circ_0013958: a

circular RNA and potential novel biomarker for lung adenocarcinoma. FEBS

J. (2017) 284:2170–82. doi: 10.1111/febs.14132

54. Hang D, Zhou J, Qin N, Zhou W, Ma H, Jin G, et al. A novel plasma circular

RNA circFARSA is a potential biomarker for non-small cell lung cancer.

Cancer Med. (2018) 7:2783–91. doi: 10.1002/cam4.1514

55. Yang F, Liu DY, Guo JT, Ge N, Zhu P, Liu X, et al. Circular RNA circ-

LDLRAD3 as a biomarker in diagnosis of pancreatic cancer. World J

Gastroenterol. (2017) 23:8345–54. doi: 10.3748/wjg.v23.i47.8345

56. Zhang X, Xu Y, Qian Z, Zheng W, Wu Q, Chen Y, et al. circRNA_104075

stimulates YAP-dependent tumorigenesis through the regulation of HNF4a

andmay serve as a diagnostic marker in hepatocellular carcinoma.Cell Death

Dis. (2018) 9:1091. doi: 10.1038/s41419-018-1132-6

57. Li Z, Zhou Y, Yang G, He S, Qiu X, Zhang L, et al. Using circular RNA

SMARCA5 as a potential novel biomarker for hepatocellular carcinoma. Clin

Chim Acta. (2019) 492:37–44. doi: 10.1016/j.cca.2019.02.001

58. Yu J, Ding WB, Wang MC, Guo XG, Xu J, Xu QG, et al. Plasma

circular RNA panel to diagnose hepatitis B virus-related hepatocellular

carcinoma: a large-scale, multicenter study. Int J Cancer. (2019) 146:1754–

63. doi: 10.1002/ijc.32647

59. Luo P, Wu S, Yu Y, Ming X, Li S, Zuo X, et al. Current status and perspective

biomarkers in AFP negative HCC: towards screening for and diagnosing

hepatocellular carcinoma at an earlier stage. Pathol Oncol Res. (2019) 26:599–

603. doi: 10.1007/s12253-019-00585-5

60. Wang X, Zhang W, Liu Y, Gong W, Sun P, Kong X, et al. Diagnostic

value of prothrombin induced by the absence of vitamin K or antagonist-

II (PIVKA-II) for early stage HBV related hepatocellular carcinoma. Infect

Agents Cancer. (2017) 12:47. doi: 10.1186/s13027-017-0153-6

61. Liu Z, Wu M, Lin D, Li N. Des-gamma-carboxyprothrombin is a

favorable biomarker for the early diagnosis of alfa-fetoprotein-negative

hepatitis B virus-related hepatocellular carcinoma. J Int Med Res. (2020)

48:1220702127. doi: 10.1177/0300060520902575

62. Ji J, Wang H, Li Y, Zheng L, Yin Y, Zou Z, et al. Diagnostic evaluation of

des-gamma-carboxy prothrombin versus alpha-fetoprotein for hepatitis B

virus-related hepatocellular carcinoma in China: a large-scale, multicentre

study. PLoS ONE. (2016) 11:e153227. doi: 10.1371/journal.pone.0153227

63. Toyoda H, Kumada T, Tada T, Kaneoka Y, Maeda A, Kanke F, et al. Clinical

utility of highly sensitive Lens culinaris agglutinin-reactive alpha-fetoprotein

in hepatocellular carcinoma patients with alpha-fetoprotein &lt;20 ng/mL.

Cancer Sci. (2011) 102:1025–31. doi: 10.1111/j.1349-7006.2011.01875.x

64. Choi JY, Jung SW, KimHY, KimM, KimY, KimDG, et al. Diagnostic value of

AFP-L3 and PIVKA-II in hepatocellular carcinoma according to total-AFP.

World J Gastroenterol. (2013) 19:339–46. doi: 10.3748/wjg.v19.i3.339

65. Chen H, Zhang Y, Li S, Li N, Chen Y, Zhang B, et al. Direct comparison of

five serum biomarkers in early diagnosis of hepatocellular carcinoma. Cancer

Manag Res. (2018) 10:1947–58. doi: 10.2147/CMAR.S167036

66. Tian L, Wang Y, Xu D, Gui J, Jia X, Tong H, et al. Serological AFP/Golgi

protein 73 could be a new diagnostic parameter of hepatic diseases. Int J

Cancer. (2011) 129:1923–31. doi: 10.1002/ijc.25838

67. Zhang Z, Zhang Y, Wang Y, Xu L, Xu W. Alpha-fetoprotein-L3 and

Golgi protein 73 may serve as candidate biomarkers for diagnosing alpha-

fetoprotein-negative hepatocellular carcinoma. Onco Targets Ther. (2016)

9:123–9. doi: 10.2147/OTT.S90732

68. Ma J, Yan R, Zu X, Cheng JM, Rao K, Liao DF, et al. Aldo-keto reductase

family 1 B10 affects fatty acid synthesis by regulating the stability of acetyl-

CoA carboxylase-alpha in breast cancer cells. J Biol Chem. (2008) 283:3418–

23. doi: 10.1074/jbc.M707650200

69. Yan R, Zu X, Ma J, Liu Z, Adeyanju M, Cao D. Aldo-keto reductase

family 1 B10 gene silencing results in growth inhibition of colorectal cancer

cells: implication for cancer intervention. Int J Cancer. (2007) 121:2301–

6. doi: 10.1002/ijc.22933

70. Matkowskyj KA, Bai H, Liao J, Zhang W, Li H, Rao S, et al.

Aldoketoreductase family 1B10 (AKR1B10) as a biomarker to distinguish

hepatocellular carcinoma from benign liver lesions. Hum Pathol. (2014)

45:834–43. doi: 10.1016/j.humpath.2013.12.002

71. Schmitz KJ, Sotiropoulos GC, Baba HA, Schmid KW, Muller D, Paul A,

et al. AKR1B10 expression is associated with less aggressive hepatocellular

carcinoma: a clinicopathological study of 168 cases. Liver Int. (2011) 31:810–

6. doi: 10.1111/j.1478-3231.2011.02511.x

72. Han C, Gao L, Bai H, Dou X. Identification of a role for serum aldo-

keto reductase family 1 member B10 in early detection of hepatocellular

carcinoma. Oncol Lett. (2018) 16:7123–30. doi: 10.3892/ol.2018.9547

73. Zhu R, Xiao J, Luo D, Dong M, Sun T, Jin J. Serum

AKR1B10 predicts the risk of hepatocellular carcinoma - a

retrospective single-center study. Gastroenterol Hepatol. (2019)

42:614–21. doi: 10.1016/j.gastrohep.2019.06.007

74. Ye X, Li C, Zu X, Lin M, Liu Q, Liu J, et al. A large-scale

multicenter study validates AKR1B10 as a new prevalent serum marker

for detection of hepatocellular carcinoma. Hepatology. (2019) 69:2489–

501. doi: 10.1002/hep.30519

75. Sato N, Yamabuki T, Takano A, Koinuma J, Aragaki M, Masuda K, et al. Wnt

inhibitor Dickkopf-1 as a target for passive cancer immunotherapy. Cancer

Res. (2010) 70:5326–36. doi: 10.1158/0008-5472.CAN-09-3879

76. Rachner TD, Thiele S, Gobel A, Browne A, Fuessel S, Erdmann K, et al. High

serum levels of Dickkopf-1 are associated with a poor prognosis in prostate

cancer patients. BMC Cancer. (2014) 14:649. doi: 10.1186/1471-2407-14-649

77. Peng YH, Xu YW, Guo H, Huang LS, Tan HZ, Hong CQ, et al.

Combined detection of serum Dickkopf-1 and its autoantibodies to

diagnose esophageal squamous cell carcinoma. Cancer Med. (2016) 5:1388–

96. doi: 10.1002/cam4.702

78. Tung EK, Mak CK, Fatima S, Lo RC, Zhao H, Zhang C, et al.

Clinicopathological and prognostic significance of serum and tissue

Dickkopf-1 levels in human hepatocellular carcinoma. Liver Int. (2011)

31:1494–504. doi: 10.1111/j.1478-3231.2011.02597.x

79. Fatima S, Luk JM, Poon RT, Lee NP. Dysregulated expression of dickkopfs

for potential detection of hepatocellular carcinoma. Expert Rev Mol Diagn.

(2014) 14:535–48. doi: 10.1586/14737159.2014.915747

80. Yang H, Chen GD, Fang F, Liu Z, Lau SH, Zhang JF, et al. Dickkopf-1: as a

diagnostic and prognostic serum marker for early hepatocellular carcinoma.

Int J Biol Markers. (2013) 28:286–97. doi: 10.5301/JBM.5000015

81. Shen Q, Fan J, Yang XR, Tan Y, Zhao W, Xu Y, et al. Serum

DKK1 as a protein biomarker for the diagnosis of hepatocellular

carcinoma: a large-scale, multicentre study. Lancet Oncol. (2012) 13:817–

26. doi: 10.1016/S1470-2045(12)70233-4

82. Mao L, Wang Y, Wang D, Han G, Fu S, Wang J. TEMs but

not DKK1 could serve as complementary biomarkers for AFP in

diagnosing AFP-negative hepatocellular carcinoma. PLoS ONE. (2017)

12:e183880. doi: 10.1371/journal.pone.0183880

83. Zhu M, Zheng J, Wu F, Kang B, Liang J, Heskia F, et al. OPN is a promising

serological biomarker for hepatocellular carcinoma diagnosis. J Med Virol.

(2020). doi: 10.1002/jmv.25704. [Epub ahead of print].

Frontiers in Oncology | www.frontiersin.org 14 August 2020 | Volume 10 | Article 1316

https://doi.org/10.1002/jcla.23071
https://doi.org/10.1007/s13277-015-4545-1
https://doi.org/10.1016/S1470-2045(15)00048-0
https://doi.org/10.1038/nrm.2015.32
https://doi.org/10.3233/CBM-170379
https://doi.org/10.1016/j.cca.2015.02.018
https://doi.org/10.1007/s00109-017-1600-y
https://doi.org/10.1016/j.cca.2017.10.011
https://doi.org/10.1111/febs.14132
https://doi.org/10.1002/cam4.1514
https://doi.org/10.3748/wjg.v23.i47.8345
https://doi.org/10.1038/s41419-018-1132-6
https://doi.org/10.1016/j.cca.2019.02.001
https://doi.org/10.1002/ijc.32647
https://doi.org/10.1007/s12253-019-00585-5
https://doi.org/10.1186/s13027-017-0153-6
https://doi.org/10.1177/0300060520902575
https://doi.org/10.1371/journal.pone.0153227
https://doi.org/10.1111/j.1349-7006.2011.01875.x
https://doi.org/10.3748/wjg.v19.i3.339
https://doi.org/10.2147/CMAR.S167036
https://doi.org/10.1002/ijc.25838
https://doi.org/10.2147/OTT.S90732
https://doi.org/10.1074/jbc.M707650200
https://doi.org/10.1002/ijc.22933
https://doi.org/10.1016/j.humpath.2013.12.002
https://doi.org/10.1111/j.1478-3231.2011.02511.x
https://doi.org/10.3892/ol.2018.9547
https://doi.org/10.1016/j.gastrohep.2019.06.007
https://doi.org/10.1002/hep.30519
https://doi.org/10.1158/0008-5472.CAN-09-3879
https://doi.org/10.1186/1471-2407-14-649
https://doi.org/10.1002/cam4.702
https://doi.org/10.1111/j.1478-3231.2011.02597.x
https://doi.org/10.1586/14737159.2014.915747
https://doi.org/10.5301/JBM.5000015
https://doi.org/10.1016/S1470-2045(12)70233-4
https://doi.org/10.1371/journal.pone.0183880
https://doi.org/10.1002/jmv.25704
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Wang and Zhang Biomarkers for AFP-Negative HCC Diagnosis

84. Muramatsu T, Kadomatsu K. Midkine: an emerging target of drug

development for treatment of multiple diseases. Br J Pharmacol. (2014)

171:811–3. doi: 10.1111/bph.12571

85. Zhu WW, Guo JJ, Guo L, Jia HL, Zhu M, Zhang JB, et al. Evaluation of

midkine as a diagnostic serum biomarker in hepatocellular carcinoma. Clin

Cancer Res. (2013) 19:3944–54. doi: 10.1158/1078-0432.CCR-12-3363

86. Lu Q, Li J, Cao H, Lv C, Wang X, Cao S. Comparison of

diagnostic accuracy of Midkine and AFP for detecting hepatocellular

carcinoma: a systematic review and meta-analysis. Biosci Rep. (2020)

40:BSR20192424. doi: 10.1042/BSR20192424

87. Wang X, Song X, Zhuo W, Fu Y, Shi H, Liang Y, et al. The regulatory

mechanism of Hsp90alpha secretion and its function in tumor malignancy.

Proc Natl Acad Sci USA. (2009) 106:21288–93. doi: 10.1073/pnas.0908151106

88. Fu Y, Xu X, Huang D, Cui D, Liu L, Liu J, et al. Plasma heat shock

protein 90α as a biomarker for the diagnosis of liver cancer: an official,

large-scale, and multicenter clinical trial. Ebiomedicine. (2017) 24:56–

63. doi: 10.1016/j.ebiom.2017.09.007

89. Endo M. The roles of ANGPTL families in cancer progression. J UOEH.

(2019) 41:317–25. doi: 10.7888/juoeh.41.317

90. Gao L, Ge C, Fang T, Zhao F, Chen T, Yao M, et al. ANGPTL2 promotes

tumor metastasis in hepatocellular carcinoma. J Gastroenterol Hepatol.

(2015) 30:396–404. doi: 10.1111/jgh.12702

91. Zhou J, Yang W, Zhang S, He X, Lin J, Zhou T, et al. Diagnostic value

of angiopoietin-like protein 2 for CHB-related hepatocellular carcinoma.

Cancer Manag Res. (2019) 11:7159–69. doi: 10.2147/CMAR.S217170

92. Stowell SR, Ju T, Cummings RD. Protein glycosylation in cancer. Annu Rev

Pathol. (2015) 10:473–510. doi: 10.1146/annurev-pathol-012414-040438

93. Sun C, Chen P, Chen Q, Sun L, Kang X, Qin X, et al. Serum paraoxonase 1

heteroplasmon, a fucosylated, and sialylated glycoprotein in distinguishing

early hepatocellular carcinoma from liver cirrhosis patients. Acta Biochim

Biophys Sin. (2012) 44:765–73. doi: 10.1093/abbs/gms055

94. Zhang S, Jiang K, Zhang Q, Guo K, Liu Y. Serum fucosylated

paraoxonase 1 as a potential glycobiomarker for clinical diagnosis of

early hepatocellular carcinoma using ELISA Index. Glycoconjugate J. (2015)

32:119–25. doi: 10.1007/s10719-015-9576-8

95. Shu H, Li W, Shang S, Qin X, Zhang S, Liu Y. Diagnosis of AFP-

negative early-stage hepatocellular carcinoma using Fuc-PON1. Discov Med.

(2017) 23:163–8.

96. Peche V, Shekar S, Leichter M, Korte H, Schroder R, Schleicher

M, et al. CAP2, cyclase-associated protein 2, is a dual compartment

protein. Cell Mol Life Sci. (2007) 64:2702–15. doi: 10.1007/s00018-007-

7316-3

97. Li L, Fu LQ,Wang HJ, Wang YY. CAP2 is a valuable biomarker for diagnosis

and prognostic in patients with gastric cancer. Pathol Oncol Res. (2020)

26:273–9. doi: 10.1007/s12253-018-0450-4

98. Shibata R, Mori T, Du W, Chuma M, Gotoh M, Shimazu

M, et al. Overexpression of cyclase-associated protein 2 in

multistage hepatocarcinogenesis. Clin Cancer Res. (2006)

12:5363–8. doi: 10.1158/1078-0432.CCR-05-2245

99. Chen M, Zheng T, Han S, Zhang L, Bai Y, Fang X, et al. A preliminary study

of plasma cyclase-associated protein 2 as a novel biomarker for early stage

and alpha-fetoprotein negative hepatocellular carcinoma patients. Clin Res

Hepatol Gastroenterol. (2015) 39:215–21. doi: 10.1016/j.clinre.2014.08.006

100. Boudiaf-Benmammar C, Cresteil T, Melki R. The cytosolic chaperonin

CCT/TRiC and cancer cell proliferation. PLoS ONE. (2013)

8:e60895. doi: 10.1371/journal.pone.0060895

101. Zhang Y, Wang Y, Wei Y, Wu J, Zhang P, Shen S, et al. Molecular

chaperone CCT3 supports proper mitotic progression and cell

proliferation in hepatocellular carcinoma cells. Cancer Lett. (2016)

372:101–9. doi: 10.1016/j.canlet.2015.12.029

102. Cui X, Hu ZP, Li Z, Gao PJ, Zhu JY. Overexpression of chaperonin containing

TCP1, subunit 3 predicts poor prognosis in hepatocellular carcinoma.World

J Gastroenterol. (2015) 21:8588–604. doi: 10.3748/wjg.v21.i28.8588

103. Nojima H, Adachi M, Matsui T, Okawa K, Tsukita S, Tsukita S. IQGAP3

regulates cell proliferation through the Ras/ERK signalling cascade. Nat Cell

Biol. (2008) 10:971–8. doi: 10.1038/ncb1757

104. Kunimoto K, Nojima H, Yamazaki Y, Yoshikawa T, Okanoue T, Tsukita

S. Involvement of IQGAP3, a regulator of Ras/ERK-related cascade, in

hepatocyte proliferation in mouse liver regeneration and development. J Cell

Physiol. (2009) 220:621–31. doi: 10.1002/jcp.21798

105. Skawran B, Steinemann D, Weigmann A, Flemming P, Becker T, Flik J,

et al. Gene expression profiling in hepatocellular carcinoma: upregulation

of genes in amplified chromosome regions. Mod Pathol. (2008) 21:505–

16. doi: 10.1038/modpathol.3800998

106. Qian EN, Han SY, Ding SZ, Lv X. Expression and diagnostic value of

CCT3 and IQGAP3 in hepatocellular carcinoma. Cancer Cell Int. (2016)

16:55. doi: 10.1186/s12935-016-0332-3

107. Welsh SJ, BellamyWT, Briehl MM, Powis G. The redox protein thioredoxin-

1 (Trx-1) increases hypoxia-inducible factor 1alpha protein expression:

Trx-1 overexpression results in increased vascular endothelial growth

factor production and enhanced tumor angiogenesis. Cancer Res. (2002)

62:5089–95.

108. Kakolyris S, Giatromanolaki A, Koukourakis M, Powis G, Souglakos J,

Sivridis E, et al. Thioredoxin expression is associated with lymph node status

and prognosis in early operable non-small cell lung cancer. Clin Cancer Res.

(2001) 7:3087–91.

109. Raffel J, Bhattacharyya AK, Gallegos A, Cui H, Einspahr JG, Alberts DS,

et al. Increased expression of thioredoxin-1 in human colorectal cancer is

associated with decreased patient survival. J Lab Clin Med. (2003) 142:46–

51. doi: 10.1016/S0022-2143(03)00068-4

110. Li J, Cheng ZJ, Liu Y, Yan ZL, Wang K, Wu D, et al. Serum thioredoxin

is a diagnostic marker for hepatocellular carcinoma. Oncotarget. (2015)

6:9551–63. doi: 10.18632/oncotarget.3314

111. Gjerdrum C, Tiron C, Hoiby T, Stefansson I, Haugen H, Sandal T, et al.

Axl is an essential epithelial-to-mesenchymal transition-induced regulator of

breast cancer metastasis and patient survival. Proc Natl Acad Sci USA. (2010)

107:1124–9. doi: 10.1073/pnas.0909333107

112. Ishikawa M, Sonobe M, Nakayama E, Kobayashi M, Kikuchi R,

Kitamura J, et al. Higher expression of receptor tyrosine kinase Axl,

and differential expression of its ligand, Gas6, predict poor survival in

lung adenocarcinoma patients. Ann Surg Oncol. (2013) 20(Suppl. 3):S467–

76. doi: 10.1245/s10434-012-2795-3

113. Reichl P, Fang M, Starlinger P, Staufer K, Nenutil R, Muller P, et al.

Multicenter analysis of soluble Axl reveals diagnostic value for very

early stage hepatocellular carcinoma. Int J Cancer. (2015) 137:385–

94. doi: 10.1002/ijc.29394

114. Song X, Wu A, Ding Z, Liang S, Zhang C. Soluble Axl is a novel

diagnostic biomarker of hepatocellular carcinoma in Chinese patients with

chronic hepatitis B virus Infection. Cancer Res Treat. (2020) 52:789–

97. doi: 10.4143/crt.2019.749

115. Anborgh PH, Mutrie JC, Tuck AB, Chambers AF. Role of the metastasis-

promoting protein osteopontin in the tumour microenvironment. J Cell Mol

Med. (2010) 14:2037–44. doi: 10.1111/j.1582-4934.2010.01115.x

116. Johnston NI, Gunasekharan VK, Ravindranath A, O’Connell C, Johnston

PG, El-Tanani MK. Osteopontin as a target for cancer therapy. Front Biosci.

(2008) 13:4361–72. doi: 10.2741/3009

117. Pan HW, Ou YH, Peng SY, Liu SH, Lai PL, Lee PH, et al. Overexpression of

osteopontin is associated with intrahepatic metastasis, early recurrence, and

poorer prognosis of surgically resected hepatocellular carcinoma. Cancer Am

Cancer Soc. (2003) 98:119–27. doi: 10.1002/cncr.11487

118. Shang S, Plymoth A, Ge S, Feng Z, Rosen HR, Sangrajrang S, et al.

Identification of osteopontin as a novel marker for early hepatocellular

carcinoma. Hepatology. (2012) 55:483–90. doi: 10.1002/hep.24703

119. Cheng J, Wang W, Sun C, Li M, Wang B, Lv Y. Meta-analysis

of the prognostic and diagnostic significance of serum/plasma

osteopontin in hepatocellular carcinoma. J Clin Gastroenterol. (2014)

48:806–14. doi: 10.1097/MCG.0000000000000018

120. Ogawa Y, Takahashi T, Masukata H. Association of fission yeast Orp1 and

Mcm6 proteins with chromosomal replication origins. Mol Cell Biol. (1999)

19:7228–36. doi: 10.1128/MCB.19.10.7228

121. Zheng T, Chen M, Han S, Zhang L, Bai Y, Fang X, et al. Plasma

minichromosome maintenance complex component 6 is a novel biomarker

for hepatocellular carcinoma patients. Hepatol Res. (2014) 44:1347–

56. doi: 10.1111/hepr.12303

122. Shibutani M, Maeda K, Nagahara H, Ohtani H, Sugano K, Ikeya T, et al.

Elevated preoperative serum C-reactive protein levels are associated with

Frontiers in Oncology | www.frontiersin.org 15 August 2020 | Volume 10 | Article 1316

https://doi.org/10.1111/bph.12571
https://doi.org/10.1158/1078-0432.CCR-12-3363
https://doi.org/10.1042/BSR20192424
https://doi.org/10.1073/pnas.0908151106
https://doi.org/10.1016/j.ebiom.2017.09.007
https://doi.org/10.7888/juoeh.41.317
https://doi.org/10.1111/jgh.12702
https://doi.org/10.2147/CMAR.S217170
https://doi.org/10.1146/annurev-pathol-012414-040438
https://doi.org/10.1093/abbs/gms055
https://doi.org/10.1007/s10719-015-9576-8
https://doi.org/10.1007/s00018-007-7316-3
https://doi.org/10.1007/s12253-018-0450-4
https://doi.org/10.1158/1078-0432.CCR-05-2245
https://doi.org/10.1016/j.clinre.2014.08.006
https://doi.org/10.1371/journal.pone.0060895
https://doi.org/10.1016/j.canlet.2015.12.029
https://doi.org/10.3748/wjg.v21.i28.8588
https://doi.org/10.1038/ncb1757
https://doi.org/10.1002/jcp.21798
https://doi.org/10.1038/modpathol.3800998
https://doi.org/10.1186/s12935-016-0332-3
https://doi.org/10.1016/S0022-2143(03)00068-4
https://doi.org/10.18632/oncotarget.3314
https://doi.org/10.1073/pnas.0909333107
https://doi.org/10.1245/s10434-012-2795-3
https://doi.org/10.1002/ijc.29394
https://doi.org/10.4143/crt.2019.749
https://doi.org/10.1111/j.1582-4934.2010.01115.x
https://doi.org/10.2741/3009
https://doi.org/10.1002/cncr.11487
https://doi.org/10.1002/hep.24703
https://doi.org/10.1097/MCG.0000000000000018
https://doi.org/10.1128/MCB.19.10.7228
https://doi.org/10.1111/hepr.12303
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Wang and Zhang Biomarkers for AFP-Negative HCC Diagnosis

poor survival in patients with colorectal cancer. Hepatogastroenterology.

(2014) 61:2236–40.

123. Chen W, Wang JB, Abnet CC, Dawsey SM, Fan JH, Yin LY, et al.

Association between C-reactive protein, incident liver cancer, and chronic

liver disease mortality in the Linxian nutrition intervention trials: a nested

case-control study. Cancer Epidemiol Biomarkers Prev. (2015) 24:386–

92. doi: 10.1158/1055-9965.EPI-14-1038

124. Hefler LA, Concin N, Hofstetter G, Marth C, Mustea A, Sehouli

J, et al. Serum C-reactive protein as independent prognostic variable

in patients with ovarian cancer. Clin Cancer Res. (2008) 14:710–

4. doi: 10.1158/1078-0432.CCR-07-1044

125. Xu M, Zhu M, Du Y, Yan B, Wang Q, Wang C, et al. Serum C-reactive

protein and risk of lung cancer: a case-control study. Med Oncol. (2013)

30:319. doi: 10.1007/s12032-012-0319-4

126. Ma LN, Liu XY, Lu ZH, Wu LG, Tang YY, Luo X, et al. Assessment of

high-sensitivity C-reactive protein tests for the diagnosis of hepatocellular

carcinoma in patients with hepatitis B-associated liver cirrhosis. Oncol Lett.

(2017) 13:3457–64. doi: 10.3892/ol.2017.5890

127. Liu XY,Ma LN, Yan TT, Lu ZH, Tang YY, Luo X, et al. Combined detection of

liver stiffness and C-reactive protein in patients with hepatitis B virus-related

liver cirrhosis, with and without hepatocellular carcinoma. Mol Clin Oncol.

(2016) 4:587–90. doi: 10.3892/mco.2016.742

128. Belkin AM. Extracellular TG2: emerging functions and regulation. FEBS J.

(2011) 278:4704–16. doi: 10.1111/j.1742-4658.2011.08346.x

129. Mangala LS, Arun B, Sahin AA, Mehta K. Tissue transglutaminase-induced

alterations in extracellular matrix inhibit tumor invasion.Mol Cancer. (2005)

4:33. doi: 10.1186/1476-4598-4-33

130. Xu L, Begum S, Hearn JD, Hynes RO. GPR56, an atypical G protein-coupled

receptor, binds tissue transglutaminase, TG2, and inhibits melanoma

tumor growth and metastasis. Proc Natl Acad Sci USA. (2006) 103:9023–

8. doi: 10.1073/pnas.0602681103

131. Verma A,Wang H,Manavathi B, Fok JY, Mann AP, Kumar R, et al. Increased

expression of tissue transglutaminase in pancreatic ductal adenocarcinoma

and its implications in drug resistance and metastasis. Cancer Res. (2006)

66:10525–33. doi: 10.1158/0008-5472.CAN-06-2387

132. Mehta K, Fok J, Miller FR, Koul D, Sahin AA. Prognostic significance of

tissue transglutaminase in drug resistant and metastatic breast cancer. Clin

Cancer Res. (2004) 10:8068–76. doi: 10.1158/1078-0432.CCR-04-1107

133. Hwang JY, Mangala LS, Fok JY, Lin YG, Merritt WM,

Spannuth WA, et al. Clinical and biological significance of

tissue transglutaminase in ovarian carcinoma. Cancer Res. (2008)

68:5849–58. doi: 10.1158/0008-5472.CAN-07-6130

134. Park KS, Kim HK, Lee JH, Choi YB, Park SY, Yang SH, et

al. Transglutaminase 2 as a cisplatin resistance marker in

non-small cell lung cancer. J Cancer Res Clin Oncol. (2010)

136:493–502. doi: 10.1007/s00432-009-0681-6

135. Sun Y, Mi W, Cai J, Ying W, Liu F, Lu H, et al. Quantitative proteomic

signature of liver cancer cells: tissue transglutaminase 2 could be a novel

protein candidate of human hepatocellular carcinoma. J Proteome Res. (2008)

7:3847–59. doi: 10.1021/pr800153s

136. Ikeda Y, Imai Y, Kumagai H, Nosaka T, Morikawa Y, Hisaoka T, et al. Vasorin,

a transforming growth factor beta-binding protein expressed in vascular

smooth muscle cells, modulates the arterial response to injury in vivo. Proc

Natl Acad Sci USA. (2004) 101:10732–7. doi: 10.1073/pnas.0404117101

137. Liang W, Guo B, Ye J, Liu H, Deng W, Lin C, et al. Vasorin stimulates

malignant progression and angiogenesis in glioma. Cancer Sci. (2019)

110:2558–72. doi: 10.1111/cas.14103

138. Li S, Li H, Yang X, Wang W, Huang A, Li J, et al. Vasorin is a

potential serum biomarker and drug target of hepatocarcinoma screened

by subtractive-EMSA-SELEX to clinic patient serum. Oncotarget. (2015)

6:10045–59. doi: 10.18632/oncotarget.3541

139. Sharma MC, Sharma M. The role of annexin II in angiogenesis and tumor

progression: a potential therapeutic target. Curr Pharm Des. (2007) 13:3568–

75. doi: 10.2174/138161207782794167

140. Lokman NA, Ween MP, Oehler MK, Ricciardelli C. The role of annexin

A2 in tumorigenesis and cancer progression. Cancer Microenviron. (2011)

4:199–208. doi: 10.1007/s12307-011-0064-9

141. Sharma MR, Koltowski L, Ownbey RT, Tuszynski GP, Sharma

MC. Angiogenesis-associated protein annexin II in breast cancer:

selective expression in invasive breast cancer and contribution

to tumor invasion and progression. Exp Mol Pathol. (2006)

81:146–56. doi: 10.1016/j.yexmp.2006.03.003

142. Shiozawa Y, Havens AM, Jung Y, Ziegler AM, Pedersen EA, Wang J,

et al. Annexin II/annexin II receptor axis regulates adhesion, migration,

homing, and growth of prostate cancer. J Cell Biochem. (2008) 105:370–

80. doi: 10.1002/jcb.21835

143. Diaz VM, Hurtado M, Thomson TM, Reventos J, Paciucci R. Specific

interaction of tissue-type plasminogen activator (t-PA) with annexin II on

themembrane of pancreatic cancer cells activates plasminogen and promotes

invasion in vitro. Gut. (2004) 53:993–1000. doi: 10.1136/gut.2003.026831

144. Sun Y, GaoG, Cai J,Wang Y, Qu X, He L, et al. Annexin A2 is a discriminative

serological candidate in early hepatocellular carcinoma. Carcinogenesis.

(2013) 34:595–604. doi: 10.1093/carcin/bgs372

145. Meng K, YuanM, Xu S, Wang L, Li Z, WangM, et al. Human cervical cancer

oncogene-1 over expression in colon cancer and its clinical significance. Int

J Clin Exp Med. (2015) 8:939–43.

146. Liu Y, Li K, Ren Z, Li S, Zhang H, Fan Q. Clinical implication

of elevated human cervical cancer oncogene-1 expression in

esophageal squamous cell carcinoma. J Histochem Cytochem. (2012)

60:512–20. doi: 10.1369/0022155412444437

147. Yoon SK, Lim NK, Ha SA, Park YG, Choi JY, Chung KW, et

al. The human cervical cancer oncogene protein is a biomarker

for human hepatocellular carcinoma. Cancer Res. (2004) 64:5434–

41. doi: 10.1158/0008-5472.CAN-03-3665

148. Jirun P, Zhang G, KimHK, Ha SA, Zhongtian J, Shishi Q, et al. Clinical utility

of alpha fetoprotein and HCCR-1, alone or in combination, in patients with

chronic hepatitis, liver cirrhosis and hepatocellular carcinoma. Dis Markers.

(2011) 30:307–15. doi: 10.1155/2011/698975

149. Wang F, Huang J, Zhu Z, Ma X, Cao L, Zhang Y, et al. Transcriptome analysis

of WHV/c-myc transgenic mice implicates cytochrome P450 enzyme 17A1

as a promising biomarker for hepatocellular carcinoma. Cancer Prev Res.

(2016) 9:739–49. doi: 10.1158/1940-6207.CAPR-16-0023

150. Wasfy RE, Shams EA. Roles of combined glypican-3 and glutamine

synthetase in differential diagnosis of hepatocellular lesions. Asian Pac J

Cancer Prev. (2015) 16:4769–75. doi: 10.7314/APJCP.2015.16.11.4769

151. Liu P, Lu D, Al-Ameri A, Wei X, Ling S, Li J, et al. Glutamine

synthetase promotes tumor invasion in hepatocellular carcinoma through

mediating epithelial-mesenchymal transition. Hepatol Res. (2020) 50:246–

57. doi: 10.1111/hepr.13433

152. Fournier T, Medjoubi-N N, Porquet D. Alpha-1-acid glycoprotein. Biochim

Biophys Acta. (2000) 1482:157–71. doi: 10.1016/S0167-4838(00)00153-9

153. Tanabe K, Kitagawa K, Kojima N, Iijima S. Multifucosylated alpha-1-acid

glycoprotein as a novel marker for hepatocellular carcinoma. J Proteome Res.

(2016) 15:2935–44. doi: 10.1021/acs.jproteome.5b01145

154. Liang J, Zhu J, Wang M, Singal AG, Odewole M, Kagan S, et al. Evaluation of

AGP fucosylation as a marker for hepatocellular carcinoma of three different

etiologies. Sci Rep. (2019) 9:11580. doi: 10.1038/s41598-019-48043-1

155. Tan HT, Low J, Lim SG, Chung MC. Serum autoantibodies

as biomarkers for early cancer detection. FEBS J. (2009)

276:6880–904. doi: 10.1111/j.1742-4658.2009.07396.x

156. Hong Y, Long J, Li H, Chen S, Liu Q, Zhang B, et al. An analysis

of immunoreactive signatures in early stage hepatocellular carcinoma.

Ebiomedicine. (2015) 2:438–46. doi: 10.1016/j.ebiom.2015.03.010

157. Yi CH, Weng HL, Zhou FG, Fang M, Ji J, Cheng C, et al.

Elevated core-fucosylated IgG is a new marker for hepatitis B

virus-related hepatocellular carcinoma. Oncoimmunology. (2015)

4:e1011503. doi: 10.1080/2162402X.2015.1011503

158. Ezzikouri S, Kimura K, Sunagozaka H, Kaneko S, Inoue K, Nishimura T,

et al. Serum DHCR24 auto-antibody as a new biomarker for progression of

hepatitis C. Ebiomedicine. (2015) 2:604–12. doi: 10.1016/j.ebiom.2015.04.007

159. Nomura F, Sogawa K, Noda K, Seimiya M, Matsushita K, Miura T, et al.

Serum anti-Ku86 is a potential biomarker for early detection of hepatitis

C virus-related hepatocellular carcinoma. Biochem Biophys Res Commun.

(2012) 421:837–43. doi: 10.1016/j.bbrc.2012.04.099

Frontiers in Oncology | www.frontiersin.org 16 August 2020 | Volume 10 | Article 1316

https://doi.org/10.1158/1055-9965.EPI-14-1038
https://doi.org/10.1158/1078-0432.CCR-07-1044
https://doi.org/10.1007/s12032-012-0319-4
https://doi.org/10.3892/ol.2017.5890
https://doi.org/10.3892/mco.2016.742
https://doi.org/10.1111/j.1742-4658.2011.08346.x
https://doi.org/10.1186/1476-4598-4-33
https://doi.org/10.1073/pnas.0602681103
https://doi.org/10.1158/0008-5472.CAN-06-2387
https://doi.org/10.1158/1078-0432.CCR-04-1107
https://doi.org/10.1158/0008-5472.CAN-07-6130
https://doi.org/10.1007/s00432-009-0681-6
https://doi.org/10.1021/pr800153s
https://doi.org/10.1073/pnas.0404117101
https://doi.org/10.1111/cas.14103
https://doi.org/10.18632/oncotarget.3541
https://doi.org/10.2174/138161207782794167
https://doi.org/10.1007/s12307-011-0064-9
https://doi.org/10.1016/j.yexmp.2006.03.003
https://doi.org/10.1002/jcb.21835
https://doi.org/10.1136/gut.2003.026831
https://doi.org/10.1093/carcin/bgs372
https://doi.org/10.1369/0022155412444437
https://doi.org/10.1158/0008-5472.CAN-03-3665
https://doi.org/10.1155/2011/698975
https://doi.org/10.1158/1940-6207.CAPR-16-0023
https://doi.org/10.7314/APJCP.2015.16.11.4769
https://doi.org/10.1111/hepr.13433
https://doi.org/10.1016/S0167-4838(00)00153-9
https://doi.org/10.1021/acs.jproteome.5b01145
https://doi.org/10.1038/s41598-019-48043-1
https://doi.org/10.1111/j.1742-4658.2009.07396.x
https://doi.org/10.1016/j.ebiom.2015.03.010
https://doi.org/10.1080/2162402X.2015.1011503
https://doi.org/10.1016/j.ebiom.2015.04.007
https://doi.org/10.1016/j.bbrc.2012.04.099
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Wang and Zhang Biomarkers for AFP-Negative HCC Diagnosis

160. Chu L, Zhang X, Wang G, Zhou W, Du Z, Liu A, et al. [Serum anti-

Ku86: a potential biomarker for early detection of hepatocellular

carcinoma]. Zhonghua Zhong Liu Za Zhi. (2014) 36:123–7.

doi: 10.3760/cma.j.issn.0253-3766.2014.02.011

161. Wang T, Liu M, Zheng SJ, Bian DD, Zhang JY, Yao J, et al. Tumor-

associated autoantibodies are useful biomarkers in immunodiagnosis of

alpha-fetoprotein-negative hepatocellular carcinoma.World J Gastroenterol.

(2017) 23:3496–504. doi: 10.3748/wjg.v23.i19.3496

162. Zhang JY. Mini-array of multiple tumor-associated antigens to enhance

autoantibody detection for immunodiagnosis of hepatocellular carcinoma.

Autoimmun Rev. (2007) 6:143–8. doi: 10.1016/j.autrev.2006.09.009

163. Himoto T, Kuriyama S, Zhang JY, Chan EK, Kimura Y, Masaki T,

et al. Analyses of autoantibodies against tumor-associated antigens in

patients with hepatocellular carcinoma. Int J Oncol. (2005) 27:1079–

85. doi: 10.3892/ijo.27.4.1079

164. Hanash SM, Pitteri SJ, Faca VM. Mining the plasma proteome for cancer

biomarkers. Nature. (2008) 452:571–9. doi: 10.1038/nature06916

165. Makridakis M, Vlahou A. Secretome proteomics for

discovery of cancer biomarkers. J Proteomics. (2010) 73:2291–

305. doi: 10.1016/j.jprot.2010.07.001

166. Wu C, Wang Z, Liu L, Zhao P, Wang W, Yao D, et al. Surface enhanced

laser desorption/ionization profiling: new diagnostic method of HBV-

related hepatocellular carcinoma. J Gastroenterol Hepatol. (2009) 24:55–

62. doi: 10.1111/j.1440-1746.2008.05580.x

167. He X, Wang Y, Zhang W, Li H, Luo R, Zhou Y, et al. Screening differential

expression of serum proteins in AFP-negative HBV-related hepatocellular

carcinoma using iTRAQ -MALDI-MS/MS. Neoplasma. (2014) 61:17–

26. doi: 10.4149/neo_2014_001

168. She S, Xiang Y, Yang M, Ding X, Liu X, Ma L, et al. C-reactive protein is

a biomarker of AFP-negative HBV-related hepatocellular carcinoma. Int J

Oncol. (2015) 47:543–54. doi: 10.3892/ijo.2015.3042

169. Shu H, Kang X, Guo K, Li S, Li M, Sun L, et al. Diagnostic value

of serum haptoglobin protein as hepatocellular carcinoma candidate

marker complementary to alpha fetoprotein. Oncol Rep. (2010) 24:1271–

6. doi: 10.3892/or_00000982

170. Zhang J, Hao N, Liu W, Lu M, Sun L, Chen N, et al. In-depth

proteomic analysis of tissue interstitial fluid for hepatocellular

carcinoma serum biomarker discovery. Br J Cancer. (2017)

117:1676–84. doi: 10.1038/bjc.2017.344

171. Huang L, Mo Z, Hu Z, Zhang L, Qin S, Qin X, et al. Diagnostic value

of fibrinogen to prealbumin ratio and gamma-glutamyl transpeptidase

to platelet ratio in the progression of AFP-negative hepatocellular

carcinoma. Cancer Cell Int. (2020) 20:77. doi: 10.1186/s12935-020-

1161-y

172. Lo CM, Iqbal U, Li YJ. Cancer quantification from data mining

to artificial intelligence. Comput Methods Prog Biomed. (2017)

145:A1. doi: 10.1016/S0169-2607(17)30594-1

173. Chen LA, Fawcett TN. Using data mining strategies in clinical decision

making: a literature review. Comput Inform Nurs. (2016) 34:448–

54. doi: 10.1097/CIN.0000000000000282

174. Best J, Bilgi H, Heider D, Schotten C, Manka P, Bedreli S, et al. The GALAD

scoring algorithm based on AFP, AFP-L3, and DCP significantly improves

detection of BCLC early stage hepatocellular carcinoma. Z Gastroenterol.

(2016) 54:1296–305. doi: 10.1055/s-0042-119529

175. Wang M, Sanda M, Comunale MA, Herrera H, Swindell C, Kono Y,

et al. Changes in the glycosylation of Kininogen and the development

of a kininogen-based algorithm for the early detection of HCC. Cancer

Epidemiol Biomarkers Prev. (2017) 26:795–803. doi: 10.1158/1055-9965.EPI-

16-0974

176. Luo CL, Rong Y, Chen H, Zhang WW, Wu L, Wei D, et al.

A logistic regression model for noninvasive prediction of AFP-

negative hepatocellular carcinoma. Technol Cancer Res Treat. (2019)

18:1078114280. doi: 10.1177/1533033819846632

177. Zhang X, Wang T, Zhang KH, Chen SH, He YT, Wang YQ. Simple

clinical metrics enhance AFP to effectively identify cirrhotic patients with

complicating hepatocellular carcinoma at various AFP levels. Front Oncol.

(2019) 9:1478. doi: 10.3389/fonc.2019.01478

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Wang and Zhang. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 17 August 2020 | Volume 10 | Article 1316

https://doi.org/10.3760/cma.j.issn.0253-3766.2014.02.011
https://doi.org/10.3748/wjg.v23.i19.3496
https://doi.org/10.1016/j.autrev.2006.09.009
https://doi.org/10.3892/ijo.27.4.1079
https://doi.org/10.1038/nature06916
https://doi.org/10.1016/j.jprot.2010.07.001
https://doi.org/10.1111/j.1440-1746.2008.05580.x
https://doi.org/10.4149/neo_2014_001
https://doi.org/10.3892/ijo.2015.3042
https://doi.org/10.3892/or_00000982
https://doi.org/10.1038/bjc.2017.344
https://doi.org/10.1186/s12935-020-1161-y
https://doi.org/10.1016/S0169-2607(17)30594-1
https://doi.org/10.1097/CIN.0000000000000282
https://doi.org/10.1055/s-0042-119529
https://doi.org/10.1158/1055-9965.EPI-16-0974
https://doi.org/10.1177/1533033819846632
https://doi.org/10.3389/fonc.2019.01478
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	New Blood Biomarkers for the Diagnosis of AFP-Negative Hepatocellular Carcinoma
	Introduction
	Characteristics of ANHC
	Blood Biomarkers for ANHC Diagnosis
	Genetic Biomarkers
	Circulating Cell-Free DNA
	MicroRNA
	Circular RNAs

	Protein Biomarkers for ANHC Diagnosis
	Traditional Serum Protein Biomarkers
	Emerged Serum Protein Biomarkers
	AKR1B10
	DDK1
	MDK
	Hsp90α
	ANGPTL2
	PON1
	CAP2
	CCT3 and IQGAP3
	Thioredoxin
	sAxl
	OPN
	MCM6
	CRP
	TGM2
	VASN
	Annexin A2
	HCCR-1
	CYP17A1
	GS
	AGP

	Serum Autoantibodies
	IgG-L3%
	DHCR24 Ab
	Anti-Ku86

	New Protein Biomarkers Identified by ``omics''

	Conventional Laboratory Tests

	Summary and Conclusions
	Author Contributions
	Funding
	References


