
Supplementary Material 

1 Biomarkers needing further validation 

Figure S1 depicts the timeline and number of articles published on HCC biomarkers needing further validation 

up to 2023.  

 

Figure S1: Timeline and number of articles (in parenthesis) published on hepatocellular carcinoma biomarkers 

that need further studies up to 2023. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The following HCC biomarkers require additional validation (Table S1):  
 
 

Table S1: Example of HCC diagnostic biomarkers requiring further validation. Sensitivity, specificity and 
AUROC shown as percentages (%). 

 

Biomarker Type Study Type 
Sensitivit

y (%) 

Specificit

y (%) 

AURO

C (%) 

Cut-

off 
Ref. Notes 

GDF15 
Immunologica

l 

Retrospectiv

e 
63.1 86.6 84.2 

1.94 

ng/m

L 

Liu., X et 

al., 2015 

Cirrhosis 

any 

etiology, 

CLD 

CAP2 Protein 
Retrospectiv

e 

78.6-82.6 

(Early vs 

late HCC) 

79.3-81.4 

(Early vs 

late HCC) 

86 

8.24 

ng/m

L 

Chen, 

M., et al, 

2015 

Cirrhosis 

any 

etiology, 

early and 

late HCC, 

CLD 

IQGAP3 Protein 
Retrospectiv

e  

74.5-81.6 

(α-FP-

/early 

HCC) 

71.6 75 

43.5 

pg/m

L 

Qian, 

E.N., et 

al, 2016 

Cirrhosis 

any 

etiology, 

CLD 

Fucosylated 

glycoprotein

s 

Protein 
Retrospectiv

e 
61.2 81.6 73 - 

Shang S., 

et al, 

2016 

Cirrhosis 

any 

etiology 

OPN Protein Metanalysis 81 87 - - 

Sun, T. 

et al., 

2018 

CHB 

Vimentin Protein Prospective 96 65 - - 

Idris 

N.K., et 

al, 2019 

CLD any 

etiology 

and 

cirrhotics 

D-Dimer Protein Metanalysis 75 93 88 - 

Fang P., 

et al, 

2020 

CLD any 

etiology 

and 

cirrhotics 

PON1 Protein 
Retrospectiv

e 
70.7 78.1 75 

191.1 

ng/m

L 

Ding, G., 

et al, 

2020 

Cirrhosis 

(HCV and 

HBV 

prevalent)

, CLD 



Pentraxin-3 
Immunologica

l 

Retrospectiv

e 
- - 

93 

(CHB) 

92 

(Early 

HCC) 

95 (α-

FP-) 

9.23 

ng/m

L 

(CHB) 

9.35 

ng/m

L 

(Early 

HCC) 

8.98 

ng/m

L (α-

FP-) 

Deng H 

et al., 

2020 

Cirrhosis 

any 

etiology, 

CLD, 

early 

HCC, 

CHB 

without 

HCC 

FGF-19 Protein 
Retrospectiv

e 
100 90 98 

>180 

pg/m

L 

Mohame

d G.A., 

2022 

Cirrhosis 

 
 

1.1 Protein Biomarkers 

 

1.1.1  PON1 

Paraoxonase 1 (PON1) was found to have the potential to be effective 
biomarkers for distinguishing α-FP -negative HCC from cirrhosis in a 
retrospective 2021 study(1).  

The AUROC for PON1 in differentiating early HCC from liver cirrhosis 
has been found to be 89% in a 2012 study, with a sensitivity of 71.4% and a 
specificity of 94.7%. The findings suggested that glycan differences in serum 
PON1 could be used as potential glycan biomarkers for distinguishing early HCC 
from patients with liver cirrhosis(2,3). 

Variations in PON1 glycosylation may be linked to α-FP -negative HCC 
and could be used as potential glycomic-based biomarkers to differentiate α-FP-
negative HCC from cirrhosis(4). Indeed, Fuc-PON1 (the ratio of fucosylated 
serum paraoxonase 1 to total serum paraoxonase 1) was found to be significantly 
higher in HCC patients with low α-FP levels. To validate Fuc-diagnostic PON1's 
potential, a separate cohort of α-FP-negative early HCC patients was studied. 
Fuc-PON1 had an AUROC of 78%, sensitivity of 62.2%, specificity of 67.7%, 
and accuracy of 64.5%. The current study's findings confirmed the clinical utility 
of Fuc-PON1, demonstrating its superior diagnostic potential for distinguishing 
α-FP negative early HCC from liver cirrhosis patients(5).  

Serum PON1 could be used to detect microvascular invasion. The optimum 
diagnostic cut-off value for PON1 was determined by ROC curves to be 191.12 
ng/mL (AUROC 75.4%, sensitivity 70.67%, specificity 78.11% in the test 
cohort), which was significantly better than α-FP (cut-off 279.8 ng/mL, AUROC 
66.6%, sensitivity 40.38%, specificity 85.19%, P = 0.0063). The validation 
cohort corroborated these findings(6).  

 

1.1.2  CAP2 

Cyclase-associated protein 2 (CAP2) is a biomarker for HCC patients that 
may be especially useful for early-stage HCC detection and when plasma α-FP 
levels are negative. In particular, the findings of a preliminary study involving 86 
HCC patients, 59 cirrhotic patients, and 30 healthy people revealed that CAP2 
and α-FP plasma levels in HCC patients were significantly higher when 
compared to cirrhosis and controls. CAP2 had higher sensitivity than α-FP 
(82.6% vs 59.3%) for general HCC patients and early-stage HCC patients (78.6% 



vs 40.4%). Furthermore, CAP2 can predict 82.9% of HCC in patients who do not 
have α-FP(7). The CAP2 protein has been found to be overexpressed in 
hepatocellular carcinoma (HCC), human breast cancer, and malignant 
melanoma(8). It has been reported that CAP2, could serve as molecular markers 
for early HCC(9).  

CAP2 is elevated in HCC and is a poor prognostic biomarker for patients 
with this lethal disease. The prognostic significance of CAP2 in HCC was 
confirmed further in a validation cohort of 208 HCC patients and through 
stratified survival analysis(10).  

1.1.3  IQGAP3 

IQ motif contains GTPase-activating proteins (IQGAPs) are a type of 
scaffolding protein that regulates a variety of cellular activities by facilitating 
cytoskeletal remodelling and signal transduction(11). The IQGAP3 is widely 
overexpressed in several human cancers, including those of the liver, ovary, lung, 
large intestine, gastric, bone marrow, and breast(12).  

A 2017 study discovered that IQGAP3 functions as an important regulator 
of metastasis and epithelial-to-mesenchymal transition in HCC by constitutively 
activating the TGF-Beta signalling pathway, providing new evidence of 
IQGAP3's role in metastasis and indicating its potential as a prognostic 
biomarker candidate(12). In HCC patients, a high level of IQGAP3 predicted 
poor survival(13).  

IQGAP3  levels in HCC patients' plasma were significantly higher than in 
cirrhotic patients and healthy controls (P < 0.01)(14). Furthermore, IQGAP3 
proteins could detect α-FP -negative HCC patients with sensitivity and specificity 
of 70.5% and 71.6%, respectively(14). IQGAP3 sensitivity was 74.4% for the 
detection of small HCCs.  

1.1.4  Vimentin 

Vimentin has been found to be a promising biomarker for detection of early 
HCC(15). Vimentin, which is dependent on the SH3 domain protein 1 (LASP1), 
is required for HBX-mediated epithelial-mesenchymal transition and 
hepatocarcinogenesis(16).  

High S100A4 and vimentin expression and low E-cad expression correlate 
with an aggressive, malignant phenotype in HCC. These results also support a 
role for E-cad as a prognostic factor in HCC(17).  

Anti-Ku86, lamin B1, and vimentin levels in the blood could be used as 
surrogate markers for HCC, either alone or in combination with α-FP. HCC 
patients had higher levels of vimentin mRNA than CLD patients and controls 
(sensitivity, 94%; specificity, 92%), and ROC curves for differentiating HCC 
from liver cirrhosis revealed a higher AUROC for vimentin than for α-FP, lamin 
B1, and anti-Ku86 for the diagnosis of HCC (P < 0.001)(18).  

 

1.1.5  D-Dimer 

Ascites and HCC are the main factors associated with increased fibrinolytic 
activity in patients with liver cirrhosis(19). 

Fibrinogen and D-dimer levels, which rise after carcinogenesis, may be 
simple but effective predictors of poor tumour profiles and outcomes in 
HCC(20).  

One of the severe complications of HCC that influences the prognosis of 
patients with liver cirrhosis and HCC is portal vein thrombosis. As a result, D-
dimer testing has been proposed as a sensitive marker for the diagnosis and 
prognosis of HCC patients with portal vein thrombosis. Indeed, D-dimer levels 
in 118 HCC patients with portal vein thrombosis were significantly higher than 
in HCC patients without portal vein thrombosis, P < 0.002(21). 

The pooled sensitivity, specificity, positive and negative likelihood ratios, 
and DOR of plasma D-dimer levels for the diagnosis of HCC in a 2020 Chinese 
meta-analysis were 0.75, 0.93, 11.4, 0.27, and 42, respectively, and the AUROC 
was 88%(22).  



re, D-dimer could be a useful biomarker for the detection of HBV-related 
HCC. The combined detection of DCP, α-FP, and D-dimer had a higher 
diagnostic value for different types of HCC than individual biomarker 
detection(23). 

 

1.1.6  Fucosylated glycoproteins 

N-linked glycosylation changes are known to occur during cancer development.  
Fucosylation of serum glycoproteins was found to be significantly higher in HCC 
compared to liver cirrhosis(24).  

The usefulness of some of these proteins in the diagnosis of HCC was 
determined using a high-throughput plate-based approach on over 300 patient 
samples. The best results were obtained with fucosylated hemopexin, which had 
an AUROC of 95% and an optimal sensitivity and specificity of 92%(25).  

Fucosylated kininogen and fucosylated alpha-1-antitrypsin levels were 
significantly higher in HCC patients compared to cirrhotic patients (P < 0.0001) 
(26). 

Aberrant glycosylation of target glycoproteins is a common and important 
event in many cancers, such as increased fucosylated haptoglobin (Hp) in HCC 
(27,28). In distinguishing HCC from healthy controls, it had an AUROC of 73%, 
sensitivity of 61.22%, specificity of 81.63%, and accuracy of 71.43%. As a result, 
Fuc-Hp may be useful as a glycobiomarker in the diagnosis and prediction of 
HCC(27). Similarly, the elevated bifucosylation degree of haptoglobin can 
distinguish early-stage HCC patients from cirrhosis in each etiologic category, 
which could be used as a potential marker for early detection and prediction of 
HCC in cirrhotic patients(29). 

Fuc-hemopexin (HPX), in particular, is a valuable biomarker for HCC, but 
it may be a marker for hypercarcinogenic liver rather than tumour-bearing 
liver(30). However, in Japanese HCC patients Fuc-HPX had lower sensitivity 
and specificity when compared to other markers like GP73, α-FP, and DCP 
(AUROC 72% vs 81%, and 90%, respectively)(31). 

Fucosylated haptoglobin (Fuc-Hpt) is a novel and potentially useful 
biomarker for predicting liver disease progression and HCC development(32).  

Also, other authors discovered in 2016 that alpha-1-acid glycoprotein with 
multifucosylated tetraantennary N-glycans was significantly elevated in HCC 
patients but not the single fucosylated derivative(33).  

Furthermore, a 2020 study suggests that serum glycoprotein defucosylation 
may occur during the development and progression of HCC(34).  

Recently, some researchers discovered that the ratio of fucosylation of a tri-
antennary glycopeptide from site N762 increased significantly from cirrhosis to 
early HCC (P = 0.0486). This fucosylation ratio of a tri-antennary glycopeptide 
could be a promising candidate for early detection of NASH HCC and should be 
validated in a larger sample set(28).  

 

1.1.7 FGF 

Fibroblast growth factors (FGFs) are a large family of polypeptide 
cytokines that have a wide range of functions, including cell growth, 
angiogenesis, wound healing, and tissue repair(35). 

The FGF family and their receptors (FGFRs) are involved in a wide range 
of biological activities, including embryonic development, proliferation, 
differentiation, survival, angiogenesis, and migration, among others.  

It has previously been proposed that FGF is involved in the invasion of HCC 
into surrounding tissues(36). 

FGF8, FGF17, and FGF18 are involved in autocrine and paracrine 
signalling in HCC, enhancing tumour cell survival under stress, malignant 
behaviour, and neoangiogenesis. As a result, the FGF8 subfamily promotes the 
development and progression of HCC(37). 

The Cancer Genome Atlas data mining results showed that FGF and/or 
FGFR expression is high in HCC tumours compared to normal tissues. 



Furthermore, substantial evidence suggests that the FGF/FGFR signalling axis is 
important in a variety of mechanisms that contribute to HCC development(38). 

Furthermore, it has been suggested that FGF-2 levels are elevated prior to 
the emergence of HCC(39). 

Also, FGF-19 could be a novel non-invasive marker for HCC(40). FGF 19-
fibroblast growth factor receptor 4 (FGFR4) overexpression has been identified 
as an oncogenic driver pathway in HCC patients. As a result, the FGF19-FGFR4 
signalling pathway is a promising target for HCC treatment(41). FGF19 
collaborates with other signalling pathways in the development of primary liver 
cancer, including the EGFR, Wnt/-catenin, the endoplasmic reticulum-related 
signalling pathway, STAT3/IL-6, RAS, and extracellular signal-regulated 
protein kinase(42). 

When compared to control and cirrhotic groups, the HCC group had the 
highest level of FGF-19 in serum (P < 0.001). FGF-19 correlated positively with 
α-FP (r = 0.383, P = 0.003). FGF-19, had an AUROC of 98%, sensitivity of 
100%, specificity of 90%, PPV of 90%, NPV of 100%, and total accuracy of 98% 
at a cut-off point of > 180 pg/mL(43). 

1.1.8   KLF4 

Kruppel-like factor 4 (KLF4) is a well-known tumour suppressor found in 
a variety of cancers. CD9 and CD81 were discovered to be new transcriptional 
targets of KLF4, and dysregulated KLF4-CD9/CD81-JNK signalling was 
discovered to contribute to HCC development(44). In detail, loss of KLF4 
expression may contribute to oncogenic TGF-Beta signalling activation and 
subsequent HCC progression(45). Positive KLF4 expression in HCC patients 
should be correlated with survival time and considered promising prognostic 
biomarkers(46). 

 

1.1.9 Anti ku86 
Ku86 is a nuclear protein that is involved in a variety of biological 

processes(47). 
Anti-Ku86 levels in the blood could be used as a surrogate marker for 

HCC, either alone or in combination with α-FP. In a 2019 study, HCC patients 
had higher levels of anti-Ku86 with a sensitivity of 94% and a specificity of 80% 
when compared to CLD patients and control(48). 

 

1.1.10  IgG-L3  
Elevated core-fucosylated IgG was discovered in 2015 as a new diagnostic 

and prognostic marker in HBV-related HCC(49). In the training set and 
validation cohort 1, IgG-L3% had better general diagnostic performance than α-
FP (accuracy: 81.33-85.11% versus 63.33-78.61%). The diagnostic accuracy of 
IgG-L3% was 72.54-73.60% in validation cohort 2 (α-FP-negative HCC 
patients). However, no other studies have been conducted. 

 

1.1.11 EGF  

Although the mechanism is unknown, epidermal growth factor (EGF) and 
its receptor (EGFR) play an important role in cancer proliferation and metastasis. 

The potential role of heparin-binding epidermal growth factor-like growth 
factor (HB-EGF), a member of the EGF family, in hepatocyte neoplastic 
transformation has been investigated. In a previous study, the increased 
expression of immunoreactive HB-EGF on the cell suggested that HB-EGF may 
play an autocrine and/or juxtacrine role in the development or progression of 
human HCC(50). 

A 2014 study discovered that EGF-EGFR signal pathways regulated HCC 
proliferation, metastasis, and inflammatory cytokine production(51).  

Epidermal growth factor (EGF) overexpression causes highly malignant 
HCC and activated EGF/EGFR signalling is associated with an aggressive 
phenotype. EGF was found to be highly expressed in HCCs and to be positively 
associated with tumour grade. A study in particular highlighted the potential role 



of EGF in promoting HCC metastasis, as well as a novel pathway for regulating 
fibronectin expression that could provide targets for HCC prevention and 
treatment(52). 

Specifically, larger studies with more diverse ethnic populations are needed 
to confirm that the EGF rs4444903 polymorphism is a genetic contributor to liver 
cirrhosis and HCC in the general population(53). 

The EGF + 61A/G polymorphism was found to be significantly associated 
with the risk of HCC in a 2022 pooled analysis(54). In Egyptian patients with 
chronic liver disease, the EGF 61GG genotype may be associated with an 
increased risk of developing HCC(55).  

1.1.12 HGF 

The level of hepatocyte growth factor (HGF) in the serum represents the 
degree of carcinogenicity in the liver of patients with CHC and cirrhosis(56). An 
increase in HGF could indicate disease progression and a distinction between the 
pathological mechanisms involved in HCC(57). 

The HGF)/cMET axis is a critical signalling pathway in HCC and is 
strongly linked to its highly malignant characteristics(58). 

The investigation of cirrhotic patients with and without HCC suggests that 
HGF levels may be useful for monitoring the recurrence of HCC after cirrhosis 
diagnosis. HGF levels in cirrhotic patients with HCC are significantly higher (P 
= 0.017) than in those without HCC(59). 

In a 2014 study, 54 patients with HCC were studied. Patients with HCC had 
significantly higher baseline serum HGF levels than the control group (P < 
0.001). Serum HGF, on the other hand, had no significant negative effect on 
survival(103). 

1.1.13 VEGF 

Vascular endothelial growth factor (VEGF) is a major driving force in both 
physiological and pathological angiogenesis, and several studies have found it to 
be overexpressed in HCC.  

It was thought that VEGF expression in HCC tissues was related to 
histological grade(61). 

Polymorphisms in VEGF may be important prognostic indicators for HCC 
patients (62). 

According to a 2009 meta-analysis, tissue and serum VEGF levels appear 
to have a significant predictive ability for estimating overall survival in HCC and 
may be useful in defining prognosis in HCC(63). 

Serum VEGF levels in 30 patients with liver cirrhosis were higher in the 
HCC group than in the cirrhosis group than in the control group. At cut off 268, 
the sensitivity and specificity of makers in diagnosing HCC were 60% and 92%, 
respectively. As a result, VEGF may be a useful serum marker for the detection 
of HCC(64). 

Specifically, serum VEGF levels may be a useful predictor of the presence 
of HCC in patients with CHC(65). 

In detail, in HCC patients, serum VEGF-A levels, a biological marker of 
angiogenesis, are an independent predictor of survival(66). Furthermore, VEGF-
C expression is linked to the progression of HCC(67). 

In a 2021 study involving 100 patients, those with HCC had significantly 
higher serum VEGF levels than the non-HCC groups (P < 0.01). A VEGF cut-
off value of 250 pg/mL provided 80% sensitivity and 81.7% specificity for 
distinguishing HCC patients from non-HCC patients. In HCV patients, serum 
VEGF has been shown to be potentially reliable biomarkers for early and 
accurate HCC diagnosis(68). 

In a 2022 study, 230 people with HCC, cirrhosis, or HCV and controls were 
tested for VEGF discriminatory power between HCC patients and controls (AUC 
=0.71). This study confirms that the expression of the VEGF gene confers both 
sensitivity and specificity for HCC diagnosis(69). 



1.1.14 ANG-1 

Angiopoietin 1 (ANG-1) and its antagonist, angiopoietin 2 (ANG-2) are 
ligands that control the Tie2 receptor. The expression of ANG-1 and ANG-2 
plays an important role in the angiogenic and dedifferentiation processes in HCC. 
In particular, the ANG-2 gene is overexpressed in hypervascular HCC(70). 

Serum ANG-2 levels were significantly higher in patients with HCC than 
in healthy subjects and patients with cirrhosis, according to this study of 149 
subjects. Serum ANG-2 levels above a certain threshold are linked to advanced 
HCC tumour characteristics(71). 

Two previous studies found that increased Ang-2/1 expression in the 
presence of VEGF may play a critical role in tumour angiogenesis and 
progression in human HCC(72). 

In a 2021 study of 240 prospectively enrolled HCC patients, plasma levels 
of Ang-2 correlated with liver function, tumour stage, and tumour invasiveness, 
outperforming α-FP, Ang-1, and VEGF in predicting survival(73).  

 

1.1.15  TGF 
Transforming growth factor-beta (TGF-β) is a multifunctional growth 

factor that regulates cell growth and differentiation, angiogenesis, extracellular 
matrix formation, immunosuppression, cancer development, and even survival. 
Furthermore, TGF-beta promotes HCC pathogenesis and high expression in HCC 
patients predicts a poor prognosis(74). Mutations and TGF-β expression patterns 
have been discovered to differ between tumour types.  

In particular, TGF-β has the potential to be used as a biomarker for HCC. 
Previous research has shown that serum TGF-β levels, particularly in those 
infected with HCV, are linked to the development of HCC(75). Other studies 
have looked at TGF-β 's role in HCC, but not as a stand-alone biomarker; rather, 
it has been combined with the expression of other proteins or mRNA(76). A few 
of these studies were also conducted in single-country populations and were not 
validated in other contexts. 

Additionally, a 2017 meta-analysis of twelve qualified articles involving 
2,021 HCC patients found that those with higher TGF-1 expression had a shorter 
survival than those with lower TGF-1 expression (HR = 1.42, P < 0.05). 
Univariate analyses in the meta-analysis revealed that HCC patients with higher 
TGF-1 expression had a shorter survival (pooling HR = 1.71, P < 0.01) than 
patients with lower TGF-1 expression(77). 

Despite abundant TGF-1 expression in the liver, steatosis to HCC 
progression causes elevated TGF-1 levels, contributing to poor prognosis and 
survival. TGF-1 is an important diagnostic and prognostic biomarker in 
HCC(78). 
 

1.1.16 Thioredoxin 

For differentiating very early HCC from non-HCC, thioredoxin had an 
AUROC of 0.90, sensitivity of 75.2%, and specificity of 88.9%, which were 
higher than that of α-FP (AUROC 0.77, sensitivity 70.1%, specificity 
79.4%)(79). These findings indicate that thioredoxin has the advantage over α-
FP for HCC detection, particularly for very early ANHC. 

1.1.17 E2F transcription factors 

E2F Transcription Factor 1 (E2F1) has been known for decades as a 
retinoblastoma protein (RB) binding transcription factor that regulates the cell 
cycle(13,80). By activating the ERK/mTOR pathway, the E2F1/USP11 signal 
axis promotes HCC proliferation and metastasis while inhibiting autophagy(81). 

In 238 paired specimens from human HCC patients, the mRNA expression 
of E2F1 and ISX was highly correlated with disease pathogenesis, patient 
survival time, progression stage, and poor prognosis, indicating that E2F1 is an 
important downstream gene of ISX in HCC progression(82). 

In pathological tissues derived from HCC patients, E2F1 correlates 
positively with IQGAP3 and both of these factors are highly expressed (R = 



0.6716). In addition, a high level of E2F1 or IQGAP3 predicted poor survival in 
HCC patients(13). E2F1 not only transactivates cell-cycle-related factors, but it 
also promotes HCC proliferation by activating PKCα phosphorylation(13). 

A 2021 study that looked into the role of transcription factors E2F1 and 
E2F2 in NAFLD-related HCC and their involvement in metabolic rewiring 
during disease progression found E2F1 and E2F2 transcription factors to be 
metabolic drivers of HCC(83). 

1.1.18 GTSE1 

In another 2019 study comparing GTSE1 knockdown and wild-type HCC 
cells, the authors discovered 979 differentially expressed genes, among which 
GTSE1, along with CDC20, PCNA, and MCM6, resulted in a synergistic 
promotion of adverse prognosis in HCC by activating the cell cycle. As a result, 
the latter genes could be useful prognostic molecular biomarkers in liver 
cancer(84). 

1.1.19 USP11 

USP11 (ubiquitin-specific protease 11) is a deubiquitinating enzyme that 
regulates multiple signalling pathways including p53, NF-B, TGF-Beta, and 
Hippo(85). USP11 is dysregulated in many cancers and plays a role in tumour 
development and progression. USP11 destabilizes Krüppel-like factor 4 (KLF4) 
through the removal of K63-dependent polyubiquitination, thereby inhibiting 
KLF4 expression(86). 

A substantial body of evidence points to a link between UPS11 and 
tumorigenesis. It was discovered that USP11 may promote HCC cell metastasis 
in a pilot series of 71 HCC clinical samples, and it was provided the first evidence 
of the prognostic significance of USP11 expression in HCC. Furthermore, 
elevated USP11 and decreased KLF4 levels were found in a hepatic steatosis in 
vitro model as well as in clinical data from NAFLD and HCC patients(85).  

The mechanism underlying USP11's role in HCC cell proliferation and 
metastasis was dependent on NF90, and USP11 expression in human HCC 
tissues was positively correlated with NF90 expression(87).  

1.1.20 TGM2 

A multifunctional protein, transglutaminase 2 (TGM2), may serve as a 
novel histological/serologic candidate involved in HCC, especially for the 
individuals with normal serum α-FP(88). 

TGM2 is upregulated in activated hepatic stellate cells via pseudohypoxia, 
promoting epithelial-mesenchymal transition in HCC-derived cells both in vivo 
and in vitro, according to quantitative proteomics and ingenuity pathway 
analysis(89). TGM2 may also contribute to early HCC recurrence via signalling 
pathways unrelated to EMT and integrin signalling(90). 

1.1.21 Vasorin  

Vasorin (VSN) is a secreted cell surface protein that is associated with 
vascular injury repair by preventing TNF-mediated apoptosis and inhibiting 
TGFβ signalling(91), and its overexpression in some human tumours can 
promote malignant progression and angiogenesis(92). The function of VSN 
includes abrogation of TNF-mediated apoptosis and inhibition of TGFβ 
signalling but is not fully understood. 

VSN promotes proliferation and migration of cells while hindering cell 
apoptosis in HCC, making it an attractive biological therapeutic target. When 
compared to the control cohorts, higher VSN levels in HCC serum were 
confirmed, with an AUROC of 0.77, sensitivity of 69%, and specificity of 80.5% 
for the diagnosis of HCC; VSN was positive in 62% of α-FP-negative HCC 
patients, indicating that VSN may be a potential biomarker for HCC 
diagnosis(93). 



1.1.22 CYP17A1 

The hepatic P450 enzyme cytochrome P450, family 17, subfamily A, 
polypeptide 1 (CYP17A1) was found to be overexpressed in the liver tissues of 
transgenic mice at both preneoplastic and neoplastic stages. CYP17A1 mRNA 
and protein levels were found to be significantly higher in human HCC tissues 
after mouse-to-human validation. Immunohistochemical studies revealed that 
CYP17A1 was overexpressed in 67% of HCC, with strong staining in well-
differentiated HCCs. As a result, CYP17A1 is overexpressed in HCCs and has 
great promise as a non-invasive marker for HCC detection(94). 

1.1.23 CMTM6 

Through its interaction with and stabilization of vimentin, CMTM6 plays 
an important role in HCC proliferation, migration, and invasion. CMTM6 could 
be a potential biomarker and therapeutic target for HCC(95). 

Downregulation of CMTM6 is linked to HCC metastasis and patient 
prognosis(96).  

1.1.24 AGP 

Alpha-1 acid glycoprotein (AGP) could be used as a marker for early 
detection of HCC in various aetiologies. AGP's sialylation and fucosylation 
changes could be used as a serum biomarker for HCC and cirrhosis(97). 

A distinct trifucosylated tetra-antennary glycan was found in HCCs. ROC 
curve analysis revealed that the trifucosylated N-glycan of AGP could distinguish 
HCC from cirrhosis with AUC values of 0.71, 0.73, and 0.75 for NASH, ALD, 
and HCV, respectively(98). Furthermore, AGP could be used as a marker to 
monitor α-FP-negative HCC patients. 

1.1.25 HCCR-1 

It has been suggested that Human cervical cancer oncogene (HCCR-1) may 
be used in addition to α-FP to detect HCC. The sensitivities of HCCR-1 (10 
ng/mL) in HCC were 44.2%, in a prospective study of 120 normal and 524 CLD 
patients(99). Therefore, HCCR-1 may be a useful biomarker for HCC, and the 
diagnostic rate may be significantly improved when HCCR-1 and α-FP are used 
together. 

1.1.26 S100A14 

Breast Cancer Membrane Protein 84 (S100A14) has been linked to the 
progression of several cancers and it has been suggested to be a potential HCC 
prognostic marker and therapeutic target(100).  

S100A11 oncogenic factor overexpression promotes inflammation/fibrosis 
in vivo and is significantly associated with high-grade HCC with a poor 
prognosis(101). 

However, few studies have been conducted to confirm the initial hypotheses 
and a potential diagnostic role in HCC. 

1.1.27 ISX 

The intestine-specific homeobox (ISX) proto-oncogene, is involved in cell 
proliferation and progression of HCC(82,102). PCAF, BRD4, and ISX mRNA 
expression in 377 paired specimens from 377 patients with HCC and adjacent 
normal tissues showed a tumour-specific expression pattern that was highly 
correlated with disease pathogenesis, patient survival time, progression stage, 
and poor prognosis(103). 

1.1.28 LMNB1 

Lamin B1 (LMNB1) is a clinically useful biomarker for early stages of HCC 
in tumour tissues and plasma.  



In a 2010 study, LMNB1 was found to be significantly upregulated in HCC 
tumours and present in patients' plasma. Also, an increase in the circulating 
LMNB1 marker in plasma could detect early stage HCC patients with 76% 
sensitivity and 82% specificity(104). 

Therefore, LMNB1 mRNA measurement was proposed in patients with 
CLD who have normal serum α-F, particularly in known cirrhotic patients who 
deteriorate rapidly with no apparent cause(105). 

LMNB1 has the potential to be both an effective therapeutic target and a 
reliable prognostic biomarker for HCC(106). LMNB1 was found to promote 
HCC progression by regulating the phosphatidylinositol 3-kinase (PI3K) and 
mitogen-activated protein kinase (MAPK) pathways. 

1.1.29 IGF 

There is over-expression of Insulin-like growth factor II (IGF-II) in HCC 
tissue. Through activation of IGF1 receptor signalling, IGF2 overexpression 
accelerates the formation of liver tumours in mice with hepatic expression of 
MYC and AKT1(107). 

Insulin-like growth factor II (IGF-II) levels in serum can be used as a 
serological marker in the early detection of HCC and to differentiate HCC from 
cirrhosis(108,109). Furthermore, IGF-2R and IGFBP-2 levels in HCC tissues 
were higher than in adjacent tissues(110). 

A study that looked into the diagnostic use of IGF-II in small HCC 
discovered that both IGF-II and α-FP levels in HCC were higher than in controls 
(P = 0.0001). The sensitivity, specificity, and diagnostic accuracy values for IGF-
II were 63%, 90%, and 70%, respectively(111). 

It has also been demonstrated that there is a significant relationship between 
IGF-1 expression and liver cirrhosis and survival after resection in patients with 
HCC, regardless of the underlying liver disease(112).  

1.1.30 CCT3 

Chaperonin-containing TCP-1 3 (CCT3) is required for HCC cell 
proliferation(113). According to a microarray and RNA-sequencing-based study 
with 4272 cases, CCT3 may play a role in HCC tumorigenesis and progression, 
as well as have prognostic value in HCC(114).  

CCT3 overexpression because of hypomethylation in cancerous cell nuclei 
is linked to HCC progression and it may be a target that influences STAT3 
activation in HCC(115,116). 

CCT3 levels in HCC patients' plasma were significantly higher than in 
cirrhotic patients and healthy controls (P < 0.01)(115). When compared to α-FP, 
CCT3 protein had a higher sensitivity in the diagnosis of HCC (87.3% vs 69.8%). 
Furthermore, CCT3 could be useful to detect α-FP-negative HCC patients with 
sensitivity and specificity of 92.1% and 81.6%, respectively. CCT3  sensitivity 
was  76.6%  for the detection of small HCCs(14). 

1.1.31 ATIII 

Serum antithrombin III (ATIII) was discovered to have the potential to be 
useful biomarkers for differentiating α-FP-negative HCC from cirrhosis(29, 31).  

ATIII may also be useful in predicting the outcomes of HCC patients after 
curative hepatectomy(117,118).  

1.1.32 ANGPTL2 

Angiopoietin-related protein 2 (ANGPTL2) is involved in metabolism, 
vascular biology, inflammation, and tumour metastasis, but little is known about 
its role in human HCC metastasis. ANGPTL2 expression was higher in HCC 
tissues compared to noncancerous liver tissues in HCC patients. Overexpression 
of ANGPTL2 increased HCC cell migration and invasion in vitro and promoted 
intrahepatic and distal pulmonary metastasis in vivo(119). Besides, ANGPTL2 
has been proposed as a promising biomarker for the diagnosis of CHB-related 
HCC. A significantly higher serum ANGPTL2 level was detected in HCC than 



in healthy controls (P<0.001) in a 2019 study enrolling 361 participants in the 
discovery cohort. The ROC results showed that ANGPTL2 had a significantly 
higher AUC for predicting HCC than α-FP. Serum ANGPTL2 levels in the 
validation cohort gradually increased with the progression of chronic hepatitis B 
virus infection, peaking in HCC. Moreover, combining ANGPTL2 and α-FP may 
improve diagnostic accuracy for HCC when compared to either ANGPTL2 or α-
FP alone(120).  

Notably, the expression of some ANGPTL gene family members (except 
ANGPTL2) has been found to be significantly correlated with HCC prognosis, 
suggesting that ANGPTL gene family members may be promising molecular 
markers for HCC treatment and prognosis(121).  
 

1.1.33  Hsp90-α 

The findings of a 2010 study demonstrated the ability of the hepatitis B 
Virus X protein (HBx) to promote tumour cell invasion via a mechanism 
involving the up-regulation of Heat shock protein 90 (Hsp90-α), providing new 
insights into the mechanism of action of HBx and its role in tumour metastasis 
and recurrence of HCC(122). 

In another 2020 study of 659 HCC patients, plasma Hsp90-α levels were 
significantly higher in HCC patients than in controls (P<0.05). ROC curve 
analysis revealed that the combination of Hsp90-α and α-FP (AUC 0.94) 
significantly improved diagnostic efficiency for HCC patients when compared to 
α-FP (AUC 0.92) or Hsp90-α (AUC 0.836). As a result, the findings suggest that 
plasma Hsp90-α levels can be used to make an initial diagnosis of HCC in both 
rural and urban settings(123).  

1.1.34  GDF15 

Growth Differentiation Factor-15 (GDF15) is a divergent TGF-beta family 
member that is expressed after liver injury and carcinogen exposure. GDF-15 
expression has been linked to gastrointestinal cancer stage, size, and metastasis, 
as well as tumour growth inhibition and increased tumour invasiveness (124). 

GDF-15 is an effective serum marker for the detection of HBV-related 
HCC (125). In patients with liver cirrhosis or HCC, GDF15 had a sensitivity of 
63.1% and a specificity of 86.6% when compared to HBV or HCV carriers at the 
optimal cut-off point of 2.46 ng/mL(126). 

More recently, it was discovered that Serum GDF15 can predict the 
occurrence of de novo HCC(127). 

Serum GDF15 measurement as a biomarker for HCC and cirrhosis has 
been recommended for further research and clinical application. 

 

1.1.35 TM4SF1 and TM4SF5 

Transmembrane 4 L6 family member 1 (TM4SF1) has been reported to be 
upregulated in a variety cancer types as a tumor associated antigen. TM4SF1 was 
found to be associated with human poorly differentiated HCC in deep sequencing 
and comprehensive expression analysis. However, the functions and mechanisms 
of TM4SF1 in the promotion of HCC are still unknown(128,129). 

It was discovered that TM4SF1 is a direct target of that may act as a tumor 
suppressor in HCC proliferation and invasion. In HCC samples, there was an 
inverse relationship between miR-520f and TM4SF1 mRNA levels. The 
restoration of TM4SF1 partially abolished miR-520f-mediated cell proliferation 
and invasion inhibition in HCC cells by regulating the P13K/AKT and p38 
MAPK signaling pathways(129). 

Also, a recent study found that TM4SF1 is an interacting partner of DVL2 
and that it positively regulates Wnt/beta-catenin signaling by strengthening the 
DVL2-Axin interaction. The expression of TM4SF1 was increased in HCC and 
was induced by Kras signaling. Overexpression of TM4SF1 promoted HCC cell 
growth and motility while also upregulating target genes such as axin2 and cyclin 
D1, revealing TM4SF1's oncogenic functions in HCC progression(128). 



TM4SF5 has been implicated in the uncontrolled growth of human HCC 
cells via epithelial-mesenchymal transition in some studies(130).  

Some researchers have recently discovered that TM4SF5-mediated STAT3 
activity for extracellular matrix modulation is involved in the progression of liver 
disease to HCC, and that TM4SF5 appears to suppress NK cells during the 
progression of liver carcinogenesis(131). Other authors proposed that lysosomal 
TM4SF5 senses and facilitates arginine efflux for mTORC1/S6K1 activation, 
and that arginine-auxotrophs in HCC could be targeted by blocking arginine 
sensing with anti-TM4SF5 reagents (132). These findings could provide potential 
therapeutic evidence of both TM4SF1 and TM4SF5 for HCC patients. 

 

1.2 Immunological Biomarkers  

1.1.1 Pentraxin 3 
Pentraxin 3 is a protein produced by multiple cell types in response to 

inflammatory signals, including macrophages, monocytes, fibroblasts, and 
endothelial cells; as such, pentraxins act as acute-phase proteins and as an innate 
immune system component. Pentraxin 3 may also play a role in cancer 
development, though the underlying mechanisms are unknown. 

Pentraxin 3 levels have been found to be elevated in patients suffering from 
acute liver injury, NASH, and HCV, among other conditions(133).  

In a recent Chinese study, serum pentraxin 3 was proposed as a candidate 
biomarker of HBV-induced HCC(134). A comparison of serum pentraxin 3 
levels in 107 HCC patients to 159 chronic HBV and 99 cirrhotic patients revealed 
that pentraxin 3 was highly discriminative of α-FP-negative and early-stage 
HCC, and its diagnostic performance was superior to α-FP (P< 0.001). Pentraxin 
3 was discovered to be an independent risk factor for HCC (OR 1.62) and to be 
capable of distinguishing HCC in CHB (cut-off 9.23 ng/mL, AUROC 93%), 
including α-FP negative (cut-off 8.98 ng/mL, AUROC 95%) and early-stage 
HCC (cut-off 9.36 ng/mL, AUROC 92%)(134). 

In summary, pentraxin-3 measurement in CHB could detect HCC, including 
α-FP-negative and early-stage HCC. 

 

1.1.2 TEMs 
Angiogenesis is a critical step in the development and progression of HCC. 

Myeloid lineage cells, such as macrophages and monocytes, have been shown to 
regulate angiogenesis in mouse tumour models. TIE2, an angiopoietin receptor, 
specifically transmits pro-angiogenic signals and identifies a pro-angiogenic 
monocyte/macrophage subset(135). As a result of the increased frequency of 
TIE2-expressing monocytes/macrophages (TEMs) in HCC patients, some 
authors have proposed that TEM frequency can be used as a diagnostic marker 
for HCC, potentially reflecting liver angiogenesis(135). 

ROC curves revealed that the optimal diagnostic cut-off value for TEMs 
was 4.95% in a 2017 Chinese study with 190 participants. The proportion of 
TEMs in peripheral CD14+CD16+ monocytes in the HCC group was 
significantly higher than in the CHB, HBV-related liver cirrhosis, and healthy 
control groups (P < 0.05). In the α-FP-negative HCC group, the percentage of 
TEMs was also significantly higher than in the other groups (P < 0.05)(136). The 
AUROC for TEMs in distinguishing α-FP-negative HCC from HBV-related liver 
cirrhosis was 70%, with a sensitivity of 80.0% and a specificity of 65.52%. In 
univariate and multivariate analyses, only TEMs were found to be a significant 
predictor of α-FP-negative HCC (P = 0.016, P = 0.023, respectively)(136). 

More evidence is needed, however, to confirm TEM accuracy in the early 
detection of HCC, particularly in α-FP-negative cases and other CLD aetiologies. 

1.1.3  VersicanV1 

Versican, a key extracellular matrix regulator of immunity and 
inflammation, has been linked to carcinogenesis in a variety of cancers(137). 



However, the precise role of VersicanV1, the most common versican isoform in 
the liver, in HCC is unknown. 

HCC patients who had positive VersicanV1 coexpression had a worse 
prognosis(138). 

VersicanV1, which is regulated by direct interaction with Linc01225, was 
found to be significantly upregulated in HCC tissues and correlates with poor 
prognosis via the EGFR-PI3K-AKT pathway activation in a 2020 study(139).  

 

 

1.1.4 MIG 
Monokine Induced by Gamma Interferon-6 (MIG-6) ablation has been 

shown to cause tumour formation in a variety of tissues. 
Mig-6 expression in HCC is low, indicating a poor prognosis. MIG-6 may 
influence cell proliferation and the cell cycle via the P-ERK/Cyclin D1 signalling 
pathway(140). 
 

1.1.5 DHCR24 Antibody  

Serum 3b-hydroxysterol 124-reductase antibody (DHCR24) is an 
autoimmune protein that is significantly upregulated in HCV patients and can be 
used as a diagnostic biomarker for HCC associated with CHC(141), with a higher 
AUROC than α-FP and DCP in distinguishing HCV-mediated chronic hepatitis 
from HCV-mediated HCC patients. Hence, serum DHCR24 antibody could be a 
biomarker for the diagnosis of HCV-related HCC with negative α-FP. 
 

 

1.1.6 IL-22 
Interleukin-22 (IL-22) exhibits both protective and pathological properties 

in liver diseases(142). In CHB patients, IL-22 promotes the progression of HCC. 
High levels of tumour-infiltrating IL-22+ cells and serum IL-22 are thought to be 
poor prognostic indicators for HCC.  

 

1.2 Genetic Biomarkers  

1.2.1 0 MCM6 

Minichromosome maintenance complex component 6 (MCM6) is an 
important DNA replication regulator that is essential for cell cycle maintenance. 
MCM6 expression is increased in many cancer cells(143). 

MCM6, has been identified as a S/G2 cell cycle progression driver as well 
as a potential diagnostic and prognostic marker in HCC. MCM6 outperformed 
MCM2 and MCM7 in HCC diagnostic performance (AUROC 89.6% vs. 67.5 
and 77.1%, P < 0.01)(144-146). 

MCM6 promoted epithelial-mesenchymal transition and activated 
MEK/ERK signaling, according to mechanistic analyses. More importantly, 
serum MCM6 levels in HCC patients were significantly higher than in cirrhosis 
and healthy controls (P < 0.0001), and allowed for high accuracy in 
distinguishing early recurrence (AUROC, 77%)(147).  

                           1.2.11 AREG 

Amphiregulin (AREG) is an EGFR ligand that plays a relevant role in cell 
proliferation, survival, and migration(148). AREG expression is indeed very low 
in normal liver, but it increases dramatically after liver injury, resulting in a 
critical pro-regenerative function. Nevertheless, an aggravated tissue repair 
reaction may have adverse implications because AREG induces an autocrine loop 
that keeps HCC cells alive(149). 



Oestrogens may also increase AREG expression in human HCC, and locally 
elevated aromatase activity may increase malignant cell proliferation via AREG 
signalling(150,151). The AREG/EGFR system was discovered to be a key 
mediator of FGF19 responses in HCC cells via β-catenin signalling(152). 

In a 2019 Egyptian study that included only 55 HCC patients, 20 cirrhotic 
patients, and 15 healthy subjects, AREG had a sensitivity of 74.5% but low 
specificity of 47.1% at a threshold of 8.74 pg/ml(149).  

Furthermore, in HCC patients, AREG was associated with portal vein 
thrombosis and tumour metastasis(149). Therefore, the lack of clinical data on 
AREG accuracy prevents us from commenting on its HCC detection potential. 

 
 

 

2.0 Combination of less validated HCC biomarkers  
 

Altered glycosylation of serum glycoproteins can act as potential 
biomarkers for detection of HCC when used alone or in combination with other 
HCC markers. In a 1999 Japanese study, the combination of fucosylated α-FP 
measurements with alpha-1-antitrypsin or transferrin was useful for the diagnosis 
of HCC(108). The combination of fucosylated kininogen, α-FP, and GP73 
produced the best results, with an optimal sensitivity of 95%, specificity of 70%, 
and AUROC of 94%(109).  

In a 2017 Chinese study, the combination of TEMs, DKK1, and α-FP 
measurements increased the AUROC for HCC diagnosis (83%; 95% CI 77%-
89%). As a result, the authors concluded that TEMs and DKK1 could be 
complementary biomarkers for α-FP in the diagnosis of HCC, and that TEMs, 
rather than DKK1, could serve as a complementary biomarker for α-FP in the 
differential diagnosis of α-FP-negative HCC versus HBV-related liver cirrhosis 
patients(136). 

The combination of α-FP and AGP could aid in the diagnosis of HCC. 
When α-FP levels were less than 500 ng/ml, AGP was useful for distinguishing 
HCC cases from liver cirrhosis patients. The AUROC of AGP and the 
combination of AGP and α-FP were 83.4% (P < 0.0005) and 88% (P < 0.0005), 
respectively, higher than α-FP alone (0.54, P = 0.60)(150).  Besides, a simple 
score based on AGP, CRP, α-FP, and albumin could improve HCC diagnosis 
accuracy. Their combination had a higher AUROC of 92% and sensitivity of 85% 
than α-FP alone. With an OR of 50.6 for HCC, the overall score predicted 
HCC(151). Furthermore, a combination of S2-bound AGP, α-FP, and AGP 
concentration demonstrated AUROC of 87% and 95%, respectively(152). The 
panel had the greatest benefit in detecting NASH-related HCCs when combined 
with INR and α-FP, with a significantly improved AUROC of 88% for all NASH 
HCCs and 0.82 for early NASH HCCs when compared to α-FP alone (0.76 and 
0.64, respectively)(98). 

It has been suggested that HCCR-1 may be used in addition to α-FP to 
detect HCC. Sensitivities for HCC increased to 77.2% when α-FP was combined 
with HCCR-1. Furthermore, using α-FP and HCCR-1 together improved the 
diagnostic rate to 70.8% in small HCC (⩾ 2 cm) and 81.6% in large HCC (< 2 
cm), respectively(99). Therefore, HCCR-1 may be a useful biomarker for HCC, 
and the diagnostic rate may be significantly improved when HCCR-1 and α-FP 
are used together. In another prospective cohort study of 1,338 HCC patients, the 
combined use of α-FP and HCCR-1 increased the positive rate for HCC to 74.1%. 
The combined analysis of α-FP and HCCR-1 increased the diagnostic rate for 
small HCC (< 2 cm) to 56.9%, up from 40.1% and 23.4% in the single analyses 
of HCCR-1 and α-FP, respectively(153). 

According to a 2019 retrospective study HCC diagnosis could be improved 
by using both serum AKR1B10 and α-FP predictors(154). Measuring serum 
AKR1B10 and α-FP at the same time increased sensitivity and negative 
predictive value for HCC diagnosis(155).  

When compared to either test alone, the combination of PON1 and α-FP 
improved diagnostic accuracy for vascular invasion (AUROC 78%, sensitivity 
75.96%, specificity 77.44%; PON1 plus α-FP vs. PON1 alone, P = 0.0004; PON1 
plus α-FP vs. α-FP alone, P<0.0001)(6). A total of 1,396 participants a panel of 
five proteins (OPN, GDF15, NSE, TRAP5 and OPG) demonstrated high 



diagnostic accuracy when distinguishing early-stage HCC from the at-risk group, 
with AUROC of 89%, 91%, and 85% for the training, validation, and cohort 2 
data sets, respectively. P5's sensitivity for diagnosing preclinical HCC increased 
with time in the prediction set (156). Furthermore, an 11-SRG signature (CDX2, 
PON1, ADH4, RBP2, LCAT, GAL, LPA, CYP19A1, GAST, SST, and 
UGT1A8) has been identified as a novel prognostic marker for survival prognosis 
in patients with HCC (157). Additionally, a signature of six DE-ERGs 
(PPARGC1A, SQSTM1, SGK1, PON1, CDK1, and G6PD) may be a useful tool 
for prognosis prediction and personal management of HCC patients(158). 

When PON1 and ATIII were combined in a 2021 retrospective study with 
a discovery set of 36 patients and a validation set of 90 patients, the AUROC was 
84.8% (sensitivity: 80.0%; specificity: 73.3%), which was significantly better 
than a single biomarker. PON1 and ATIII may be useful biomarkers for 
distinguishing α-FP-negative HCC from cirrhosis, according to these findings(3). 

CCT3 and IQGAP3 are complementary biomarkers for HCC screening 
and diagnosis, particularly in α-FP-negative and small HCC patients. α-FP + 
CCT3 + IQGAP3 had significantly better discriminative ability than α-FP alone 
(0.95 vs. 0.81; P < 0.01)(14). 

Differentially expressed genes associated with RPS16, RPS7, CCT3, 
HNRNPA2B1, EIF4G1, PSMC4, NHP2, EGR1, FDPS, and MCM4 genes and 
pathways may have diagnostic value as potential biomarkers involved in the 
pathogenesis of HCC, relating to both obesity and HCC 
occurrence/recurrence(159). Also, the prognostic gene signature (IQGAP3, 
BIRC5, PTTG1, STC2, CDKN3, PBK, EXO1, NEIL3, and HOXD9) developed 
on nine genes can be used as a combined biomarker for the independent 
prediction of overall survival in HCC patients(160). 

Finally, a 2021 study of 100 HCC, cirrhosis, and control patients found 
that HCC patients had significantly higher VEGF/platelet levels than non-HCC 
groups (P = 0.001). Serum VEGF/platelet levels correlated significantly with 
HCC tumour size, stage, vascular invasion, and Child-Pugh classification. 
Furthermore, the sensitivity and specificity of the VEGF/platelet ratio were 
77.5% and 80%, respectively, which were higher than the accuracy provided by 
α-FP. Serum VEGF/platelet, alone or in combination with α-FP, were reliable 
biomarkers for early and accurate HCC diagnosis in HCV patients(161). 
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