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Abstract

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related
deaths worldwide. If diagnosed early, curative treatment options such as surgical
resection, loco-regional therapies, and liver transplantation are available to
patients, increasing their chances of survival and improving their quality of life.
Unfortunately, most patients are diagnosed with late stage HCC where only
palliative treatment is available. Therefore, biomarkers which could detect HCC
early with a high degree of sensitivity and specificity, may play a crucial role in
the diagnosis and management of the disease. This review will aim to provide an
overview of the different biomarkers of HCC comprising those used in the
diagnosis of HCC in at risk populations, as well as others with potential for
prognosis, risk predisposition and prediction of response to therapeutic
intervention.

Key Words: Biomarkers; Hepatocellular carcinoma; Liver cancer; Cancer; Review; Serum;
Plasma; Scoring models; Algorithm; Genetic; Micro-RNA; miRNA; Diagnosis; Prognosis;
Liquid biopsy.

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The use of ultrasound with/without alpha-fetoprotein in the context of screening
patients with chronic liver disease for the development of early stage hepatocellular
carcinoma that is treatable, remains problematic. Consequently there has been
considerable work done to examine biomarkers either individually, or in combination to
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address this deficiency. Whilst there are several promising targets (discussed in this
manuscript) for this indication it appears that Gender, Age: Lens culinaris agglutinin-
reactive of alpha-fetoprotein, Alpha-fetoprotein, and Des-y-carboxy prothrombin, which
has been established in Europe and Japan, and remains to be so in North America, may be
clinically the best performer available.

Citation: Singh G, Yoshida EM, Rathi S, Marquez V, Kim P, Erb SR, Salh BS. Biomarkers for
hepatocellular cancer. World J Hepatol 2020; 12(9): 558-573

URL: https://www.wjgnet.com/1948-5182/full/v12/i9/558.htm

DOI: https://dx.doi.org/10.4254/wjh.v12.i19.558

INTRODUCTION

Liver cancer is the sixth most common type of cancer globally and is ranked third for
the most cancer-related deaths!". Liver cancer is more prominent in men being the
second leading cause for cancer-related deaths and sixth in women!'l. Hepatocellular
carcinoma (HCC) accounts for 85%-90% of primary liver cancer cases”. The prevalence
of HCC is disproportionately high in areas with a high incidence of hepatitis B virus
(HBV). These areas mainly include sub-Saharan Africa and Eastern Asial. It is
estimated that almost 80% of all HCCs are viral in etiology induced by both HBV and
hepatitis C virus (HCV)I. Other risk factors include chronic alcohol consumption,
non-alcoholic steatohepatitis (NASH) and cirrhosis arising from a variety of other
causes.

The development of HCC is recognized to be a multistep progress with dysplastic
macronodules transforming into early and then more aggressive tumors. A number of
driver mutations are associated with this process (Figure 1) including TERT (most
frequent, 60%), CTNNB1, TP53, CDKN2, ARID1A, AXIN1 as well as DNA gene
amplifications involving VEGFA (6p21) and FGF19/CNNDI1 (11q13), with continuing
in-depth exome sequencing turning up novel mutational signatures and risk
associations™’l. Unfortunately, none of these have any demonstrated value as
biomarkers for early disease.

The most widely used classification system, used for treatment decision making is
the Barcelona Clinic Liver Cancer (BCLC) algorithml. Ideally, screening would enable
pick-up of lesions at early stages (O, A). Disappointingly, HCC is often diagnosed
during the advanced stages of the disease as the tumour is often asymptomatic until it
progresses and becomes large and infiltrating (stages B, C and D). Curative treatment
options such as liver resection, transplantation, and radio-frequency ablation are then
precluded due to the poor prognosis of the disease. Advanced-stage HCC non-
operative patients are often prescribed a vascular endothelial growth factor receptor
(VEGFR) and platelet-derived growth factor receptor f (PDGFR-P) tyrosine kinase
inhibitor, of which sorafenib is the prototypical drug. Sorafenib inhibits tumour
angiogenesis and increases median survival on average three months longer than
placebo, as reported in a phase 3, double-blind study.

A meta-analysis study revealed a median survival of less than one year for patients
with HCC diagnosed at advanced stage. However, if diagnosed early, the five-year
survival rate of HCC is estimated to be over 70%!.. There is also a need for screening
patients who undergo successful treatment/resection, as HCC disease recurrence and
death occur in upto 70% and 50% respectively, after 5 years. Currently,
transabdominal ultrasound is the recommended modality for surveillance of patients
with cirrhosis!"), however this is of limited sensitivity for smaller lesions, where
repeated US scanning (USS) and/or further imaging in the form of either CT or MRI
may be required. On-going surveillance of high-risk individuals such as those who
have cirrhosis or chronic viral hepatitis can help increase the survival rates of those
diagnosed with HCCl"'!l.

A biomarker, as defined by the World Health Organisation is: “Any substance,
structure, or process that can be measured in the body or its products and influence or
predict the incidence of outcome or disease!?”. Biomarkers can be broadly categorized
into four types, each of which have received attention in HCC: Diagnostic, prognostic,
predisposing/risk and predictivel’l. Diagnostic biomarkers aim to detect, at an earlier
stage, the presence of a disease or condition. Prognostic biomarkers are used to
identify the likely outcome of disease progression or recurrence. Predisposition

WJH | https://www.wjgnet.com 559 September 27,2020 | Volume12 | Issue9 |


https://www.wjgnet.com/1948-5182/full/v12/i9/558.htm
https://dx.doi.org/10.4254/wjh.v12.i9.558

Singh G et al. Biomarkers in HCC

Normal liver

Chronic hepatitis B

TERT
CTNNB1 HCC

Hepatitis B, C
alcohol, NASH

\

TP53 =
CDKN2

ARID1A

AXIN1

ARID2A \
Cirrhosis Cancer

VEGFA
FGF19/CNND1

\ Regenerative nodule

Dysplastic nodule

Figure 1 The development of hepatocellular carcinoma is recognized to occur through intermediate steps involving inflammation or
fibrosis (cirrhosis) via a variety of mechanisms. NASH: Non-alcoholic steatohepatitis; TERT: Telomerase reverse transcriptase; CTNNB1: Catenin beta 1;
TP53: Tumor protein 53; CDKN2: Cyclin-dependent kinase inhibitor 2A; ARID1A: AT-Rich Interaction Domain 1A; ARID2A: AT-Rich Interaction Domain 2A; VEGFA:
Vascular endothelial growth factor A; FGF19: Fibroblast growth factor 19; CNND1: Cyclin D1; HCC: Hepatocellular carcinoma.
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biomarkers are used to indicate the likelihood of developing a certain condition or
disease, most commonly through identification of genetic mutations or subtypes.
Lastly, predictive biomarkers aim to evaluate the likelihood of a specific medical
intervention to have a favourable or unfavourable effect.

Markers for diagnosis of HCC

Alpha-fetoprotein: Alpha-fetoprotein (AFP), a glycoprotein and an oncofetal antigen
has been the most widely used biomarker to aid in the diagnosis of HCCl'l. Aberrant
production of AFP is observed in almost 50% of all HCCs!"". However, this biomarker
is not specific for HCC, and can also be upregulated during chronic liver disease,
pregnancy, other malignancies of the gastrointestinal tract, as well as of the gonadal
region'”l. A meta-analysis report found that AFP assays for HCC diagnosis had a
pooled sensitivity of 51.9% and a specificity of 94%, yielding an area under the curve
(AUC) value of 0.81!"], (Table 1). Unfortunately, it lacks specificity at low levels (20
ng/dL), and may fail to detect small HCCs. AFP levels of 400 ng/dL or greater in
plasma are thought to be diagnostic of HCC and may indicate medical complications
such as greater tumor size, portal vein thrombosis, and an overall lower median
survival ratel™. Due to these limitations, as well as being impacted by liver
inflammation thereby hindering the test’s ability to predict a true positive or a true
negative, active research to find a better alternative has yielded several potential
alternatives.

AFP-L3: Aberrant glycosylation of proteins is a known hallmark of cancer!"”. Lens
culinaris agglutinin-reactive AFP (AFP-L3) is the glycosylated isoform of AFP, which
has been found to be more sensitive than the widely-used AFP biomarker, when AFP
is elevated. The AFP-L3 value is reported as a percentage of the total AFP with a cut-
off value of more than 10% commonly used™!. Twelve articles included in a meta-
analysis reported a sensitivity and a specificity of 48.3% and 92.9%, respectively and a
summary receiver operating characteristic (SROC) of 0.7564"'.

AFP-L3 has also been found to be a prognostic biomarker after hepatic resection to
determine the likelihood of recurrent HCC. Individuals with a low AFP-L3 level 15%
after the second hepatic resection were found to have a 5-year survival rate of 91.7%.
In contrast, individuals with an AFP-L3 level 15% had a 5-year survival rate of
23.8%.

Des-gamma carboxy-prothrombin: Des-gamma carboxy-prothrombin (DCP), also
known as “protein induced by vitamin K absence or antagonist-II” (PIVKA-II), is an
abnormal prothrombin protein which lack y-carboxy residues™. A cross-sectional
study was used to compare the commonly used clinical marker, AFP to DCP.
Sensitivity and specificity values of 89% and 95%, respectively, have been reported
with a DCP cut-off value of 125 mAU/mLP. A meta-analysis based on 20 publications
reported sensitivity and specificity of 71% and 84%, respectively, with a SROC of
0.8930*1. Elevated DCP levels have been associated with a high prevalence of portal
vein invasion’l.
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Table 1 Diagnostic markers for hepatocellular carcinoma

Marker Comparison groups Sensitivity Specificity AUC Ref.

AFP Meta-analysis 51.9 94 0.81 Xu et all'”!
AFP-L3 Meta-analysis 483 92.9 0.76 Yi et all*!}

DCP Meta-analysis 71 84 0.89 Zhu et alt*!
Glypican-3 Meta-analysis 55 58 0.78 Xu et al®!
AKR1B10 HCC vs controls 72.7 95.7 0.9 Ye et alt™]
HMGB3 HCC vs controls 75.6 85.6 0.79 Zheng et all*!]
GALAD HCC vs controls 91.6 89.7 0.97 Berhane et all*’!

AUC: Area under the curve; AFP: Alpha-fetoprotein; AFP-L3: Isoform of AFP binding lectin L3; DCP: Des-gamma carboxyprothrombin; AKR1B10: Aldo-
keto reductase family 1 member 10; HMGB3: High mobility group box 3; GALAD: Gender, Age: Lens culinaris agglutinin-reactive of alpha-fetoprotein,

Alpha-fetoprotein, and Des-y-carboxy prothrombin.

Jaishideng®

DCP has been found to be a predictive marker of response to treatment with the
pharmaceutical tyrosine kinase inhibitor, gefitinib, which targets epidermal growth
factor receptor (EGFR) and other proteins such as c-Met and hepatocyte growth factor
(HGF)". Gefitinib was found to induce apoptosis in HCC cells, however when treated
in the presence of elevated DCP levels, an antagonizing effect was observed reducing
the gefitinib-induced apoptosis of the tumorous hepatocytes’, which occurred
through its ability to upregulate EGFR, c-Met and HGF. High DCP has also been
shown to be associated with tumor recurrence, metastases, and overall large tumour
burdent**1.

Golgi protein 73: Golgi protein 73 (GP73) is a type II Golgi transmembrane protein has
received attention as a diagnostic marker for HCC. A study with 68 patients diagnosed
with HCC were evaluated for GP73 levels 2 d prior to transcatheter arterial
chemoembolization (TACE) and 7 and 30 d following the procedure. Using ELISA, the
protein expression was observed to be markedly higher on average in patients with
HCC compared to the controls, 152.5 ng/L vs 49.3 ng/L, respectively. Two days
following TACE the levels decreased to 99.2 ug/L. After 30 days, the levels were 115.2
pg/L in those with a good response (CT evidence of good lipiodol retention and no
active lesions) vs 183.2 pg/L where there was a poor response. In regards to the
Barcelona clinic liver cancer stages, increasing GP73 concentrations were observed for
progressively more advanced stages of the disease™, BCLC stage A, 92.1 ug/L, stage
B, 1229 pg/L, and stage C, 162.6 pg/L.

Glypican-3: Glypican-3 (GPC3), a cell surface protein, with a 70 kDa core protein mass
has been shown to display diagnostic and therapeutic utility for HCC**l. GPC3 has
been found to be highly expressed in HCC’s - a study which analyzed the GPC3
mRNA transcript, found 74.8% of HCC samples vs 3.2% non-tumor liver control
samples expressed thisl™. A meta-analysis analyzing the prognostic abilities of GPC3
found overexpression to be an indicator of poor overall survival with a hazard-ratio
(HR) of 2.18 (95%Cl: 1.47-3.24), poor disease-free survival (HR = 2.05, 95%CI: 1.43-
2.93), tumor vascular invasion with an odds-ratio (OR) of 2.74 (95%CI: 1.15-6.52), and
hepatic cirrhosis (OR = 2.10, 95%ClI: 1.31-3.36)1.

Although GPC3 has proven to be a good prognostic biomarker, its diagnostic
abilities on the other hand are below par. A meta-analysis study comparing the
performance of AFP and GPC3 found the latter marker to be inferior than the
commonly used marker, AFP. The pooled sensitivity and specificity of GPC3 was
found to be 0.55 (95%CI: 0.52-0.58) and 0.58 (95%CI: 0.54-0.61), whereas AFP’s
sensitivity and specificity was 0.54 (95%CI: 0.51-0.57) and 0.83 (95%CI: 0.80-0.85),
respectively. The combination of GCP3 and AFP increased the tests” sensitivity and
specificity to 0.85 (95%ClI: 0.81-0.89) and 0.79 (95%CI: 0.73-0.84), respectively™.

Aldo-Keto Reductase family 1 member 10: The aldo-keto reductase family 1 member
10 (AKR1B10) has been linked as a potential biomarker indicating diagnostic and
prognostic value®™. AKR1B10, is a part of a family of NAD(P)H linked
oxidoreductases; found on chromosome 7 (7p33), AKR1B10 is involved in the
reduction of aldehyde to alcohol, converting retinal to retinol. A large multicenter
study from three independent hospitals in China recruited a total of 1224 participants
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to validate the role of AKR1B10 in the diagnosis of HCCF’. Serum levels of AKR1B10
were assessed in the cohort and found an AUC of 0.896 (95%CI: 0.867-0.921) a
sensitivity of 72.7%, and a specificity of 95.7% with a diagnostic cutoff value of
AKR1B10 at 267.9 pg/mL. Interestingly, although knockdown of AKRB1B10 has been
found to decrease cell proliferation, invasiveness, and tumour growth, a high
expression of AKR1B10 unexpectedly indicated better overall and disease-free
survival”l. Furthermore, it is worth noting that AKR1B10 expression is increased in
the early-stage HCCI.

High mobility group box 3: The high mobility group box 3 (HMGB3) is a part of the
high mobility group (HMG) family of chromosomal proteins involved in chromatin
replication, recombination, transcription, DNA repair and stability™. Downregulation
of microRNA-200b, which is a direct target of HMGB3, occurs in HCC and increases
the proliferation and migration of cells in HCCF!. In a study of 225 patients, the serum
HMGB3 levels were assessed at a cutoff value of > 2.0 ng/mL. The AUC for HMGB3
was found to be 0.791 (95%Cl: 0.730-0.853) with a sensitivity of 75.6%, and a specificity
of 81.6%. This was found to be slightly better than the clinical marker commonly used
with an AUC of 0.743 (95%ClI: 0.679-0.808), a sensitivity of 56.7%, and a specificity of
76.5% at a cut-off value of 20 ng/mL!"1. High HMGB3 expression was also correlated
with poor overall-survival and disease-free survival.

Dickkopf 1: Serum levels of Dickkopf 1 (DKK1), which is a secretory antagonist of the
Wnt pathway, have been investigated in HCC, cirrhosis, chronic hepatitis B and
healthy controls. Good sensitivities and specificities were reported in both the test and
validation cohorts, with DKK1 being reported as positive in early stage disease (<2 cm
tumors) as well as in AFP negative patients. Unfortunately, despite a correlation
between DKK1 and tumor size there was none seen with BCLC stage!*.

SALL4: A promising biomarker SALL4, which like AFP is an oncofetal protein, has
been correlated with outcomes in HCC, in separate cohorts of patients from Hong
Kong and Singaporel“l. This marker appears to be associated with a progenitor, more
aggressive form of HCC, and the findings have been confirmed independently®4. Of
possible therapeutic importance is SALL4’s property of recruiting the nucleosomal
remodeling complex ((NuRD) thereby repressing tumor suppressors such as PTEN.
This interaction has been exploited and an inhibitory peptide found with a target
affinity of 23nM which has been demonstrated to have significant antitumor effects in
xenograft mouse models (85% growth reduction).

Phe-Trp and GCA: Using a modification of LC-MS, Luo et al*’l have reported that a
biomarker panel comprising phenylalanyl-tryptophan (Phe-Trp) and glycocholate
(GCA) performed well in distinguishing HCC from cirrhosis and healthy controls. In
particular, the panel could detect AFP negative HCC as well as small HCC (S-HCC),
defined as a solitary HCC nodule, or at most 2 nodules less than 3cm in diameter.

Composite markers for HCC

BALAD: The BALAD model was first introduced in 2006 by Toyoda et all*! to aid in
the staging of HCC using five serum markers: Bilirubin, Albumin, Lens culinaris
agglutinin-reactive of alpha-fetoprotein, Alpha-fetoprotein, and Des-y-carboxy
prothrombin (BALAD). A multicenter study recruited 2600 HCC patients while
excluding those on warfarin or Vitamin K, as these may alter the serum DCP levels*’l.
Cutoff values of 400 ng/dL for AFP, 15% for AFP-L3, and 100 milli-arbitrary unit/mL
for DCP were found to optimally predict patient survival. Although the system seems
promising, further studies need to be conducted to validate this model.

The BALAD-2 model is refined from the previous BALAD model, which combines
raw data with the previous Japanese cohort along with a newly added United
Kingdom cohort!*l. The major difference between the BALAD and BALAD-2 model is
the statistical analysis; the BALAD-2 model assumes the variables to be continuous
rather than assuming a linear relationship. In addition, the original BALAD model
divided cohorts into six classes (0-5), whereas the BALAD-2 model divided the cohort
into four classes (1-4). A study by Berhane et al*) aimed to validate the BALAD-2
model by collecting patient outcomes of 2,430 individuals diagnosed with HCC, 4404
individuals diagnosed with chronic liver disease, 229 individuals diagnosed with
hepatobiliary tract cancer, and 92 healthy individuals. The Formula 1 is used to group
individuals into four prognostic groups.

AFP and DCP were modelled as per 1000 units, measured in ng/mL where AFP
was capped at 50000 units. Bilirubin and albumin were measured in mmol/L and
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Linear predictor = 0.02 x (AFP - 2.57) + 0.012 x (AFPL3 - 14.19) + 0.19 x (In[DCP] - 1.93)
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+ 0.17 x ([bilirubin]*? - 4.50) - 0.09 x (albumin - 35.11)

g/ LS, respectively. The 4 prognostic groups were based on score > 0.24 (risk 4, high),
between 0.24 and > -0.91 (risk 3), from -0.91 to -1.74 (risk 2) and < -1.74 (risk 1, low).

GALAD: The GALAD model was established to aid in the diagnosis of HCC, first
developed by Johnson et al®™ through a United Kingdom cohort. Similar to the BALAD
model, the GALAD model uses three tumour serological markers: Lens culinaris
agglutinin-reactive of alpha-fetoprotein, Alpha-fetoprotein, and Des-y-carboxy
prothrombin. However, the GALAD model replaces the two liver function tests with
Gender and Agel™. The GALAD score is calculated using the Formula 2.

Where gender is assigned an arbitrary score of 0 for females and 1 for males.

The aforementioned study by Berhane et al*! found a GALAD score cut-off of -0.63
to yield an AUC of 0.97 (95%CI: 0.96-0.98) with a sensitivity and specificity of 91.6%
and 89.7%, respectively in the United Kingdom cohort. The Japanese cohort was found
to demonstrate optimal performance at a GALAD score cut-off of -1.95 with an AUC of
0.93 (95%CI: 0.92-0.94) and sensitivity and specificity of 81.4% and 89.1%,
respectively™l.

This score has been used to investigate early HCC developing in patients with
NASH in centres in Germany and Japan. In a case control study involving 125 patients
with HCC and 231 patients with NASH from 8 centres in Germany, as well as 389
patients under surveillance in Japan, of whom 26 patients developed HCC, it was
found that GALAD identified HCC patients with a significantly greater AUC than any
of AFP, AFP-L3 or DCP!'l.

Markers indicating predisposition towards HCC

Death receptor 4: Tumour necrosis factor-related apoptosis-inducing ligand (TRAIL)
induces apoptosis by binding to the TRAIL receptor 1 (TRAILR1) also known as the
death receptor 4 (DR4)?. Genetic alteration of DR4 suggest a higher susceptibility to a
number of cancers such as bladder, ovarian, and HCCF*1. A study conducted by
Korner ef al® examined SNPs at C626G (Thr209Arg, rs20575) and A638C (Glu228Ala,
rs20576) in individuals affected with HBV and HCC (n = 56); HCV, cirrhosis, and HCC
(n =159); HCV, cirrhosis, without HCC (n = 75); HCV without cirrhosis and HCC (n =
159); HCV (n = 234); and healthy controls (1 = 359). Overall the study found an
increased risk of HCC in individuals that carried the 626C allele and the homozygous
638AA genotype mutant who were infected with HCV genotype 1 with an odds ratio
of 1.975 (95%CI: 1.205-3.236) (P = 0.007). Another study, conducted in an Egyptian
population examined the A1322G SNP of the DR4 gene and found an odds ratio of
2.34 (95%CI: 1.56-3.51) and 3.51 (95%CI: 2.33-5.28) for the AG genotype and GG
genotype, respectively with an increased risk of individuals affect with HCV-related
HCCsI (Table 2).

Kinesin family member 1B: Kinesin Family member 1B (KIF1B), part of the kinesin
superfamily, is involved in axon myelination, growth, and transport of organelles,
proteins, and RNAs to specific locations in the cell*. With two alternative splice
isoforms, KIF1Ba and KIF1Bp, KIF1B is found on chromosome 1 (1p36.22)"". KIF1Bf
has been found to function as a haplo-insufficient tumour-suppressor gene inducing
apoptosis, independent from p53F. The downregulation of KIF1B mRNA has been
shown to correlate with poor prognosis of HCC in different clinicopathologic
situations such as vascular invasion, recurrence, and overall-survival™. A genome-
wide association (GWAS) study by Zhang et al" identified an intronic SNP -
rs17401966 - in the KIF1B gene. Samples were collected from 1962 individuals with
1430 HBV-related HCC cases and 159 family trios of Chinese ancestry. The study
identified this polymorphism has a protective effect on HCC, decreasing the likelihood
of developing HCC with an odds-ratio of 0.61 (95%CI: 0.55-0.67). However, conflicting
studies examining the KLF1B polymorphism in individuals derived from Saudi
Arabian, Japanese, and Thai populations found no significant associations!"*”l. A meta-
analysis study of the KLF1B polymorphism determined that the polymorphism
decreases the risk of HCC for Chinese populations®.

Although HCV may be eradicated after sustained virologic response (SVR) is
achieved, a likelihood of developing HCC exists in cases with more advanced fibrosis.
A study by Nagata et al™! examined the risk of developing HCC after SVR using
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Table 2 Selected determinants of risk for hepatocellular carcinoma development

Marker Comparison groups SNP Genotype OR P value Ref.
DR4 HCC/HBV, HCC/HCV, HCV,  C626G/A638C 626C + 638AA 1.98 (1.20-3.24)  0.007 Korner et all™]
controls
DR4 HCC/HCV, HCV, Controls A1322G AG 2.34 (1.56-3.51) Zayed et al™’!
GG 3.51(2.33-5.28)  0.001
TLL1 HCV-treated 1517047200 237 (1.74-3.23) 2.66x10°  Matsuura et all*’!
MHC class 1 HCC/HCV, Controls Rs2596542G>A 1.39 (1.27-1.52) 4.21 x 1013 Kumar et all*]
(MICA) (Japanese cohort)
MHCclassII ~ HCC-HCV, HCV DQB1*03:01 (HCV-Geno  0.65 (0.48-0.89)  0.007 Lee et all”"}
1)
DQB1*06:02 3.03 (1.18-7.74)  0.02

(HCV-non-Genol)

HCC: Hepatocellular carcinoma; HBV: Hepatitis C virus; HCV: Hepatitis C virus; TLL1: Tolloid-like 1; MHC: Major histocompatibility complex; MICA:
MHC class I polypeptide-related sequence A gene.

Formula 2

Z =-10.08 + 0.09 x age + 1.67 x sex + 2.34 x logy, (AFP) + 0.04 x AFPL3 + 1.33 X log,, (DCP)

Jaishideng®

interferon-therapy and interferon-free therapy and found the probability of novel
HCC development to be 2.5% and 1.1%, respectively.

Tolloid-like 1: A GWAS identified a SNP variant in the gene tolloid-like 1 (TLL1)
found on chromosome 4 within the intronic region (rs17047200)*1. TLL1 was originally
found to play a role in the formation of the interventricular septum of the heart and is
now a marker of interest in HCC"l. The study recruited 457 patients in Japan who
underwent SVR through interferon-based treatments and found an odds-ratio of 2.37
(95%CI: 1.74-3.23; P = 2.66 x 107%)1*"l.

Major histocompatibility complex class 1: A study by Kumar ef al'*! in 2011 identified
a susceptibility locus for individuals who developed HCV-related HCC through a
GWAS conducted in a Japanese cohort. DNA was genotyped in 721 individuals with
HCV-related HCC and 2890 HCV-negative controls which identified eight SNPs (P <1
% 107). In the replication stage, 673 cases of HCC and 2596 HCV-negative controls
were genotyped at the eight SNPs and identified a polymorphism found on the 5’
flanking region of the major histocompatibility complex (MHC) class I polypeptide-
related sequence A gene (MICA) on chromosome 6 (6p21.33). The polymorphism,
1rs2596542G>A, with an OR of 1.39 (95%CI: 1.27-1.52) (P = 4.21 x 107), was found to be
associated with a susceptibility to develop HCC from chronic hepatitis-C. It is worth
noting that although the polymorphism is associated with developing HCC from
chronic hepatitis C, it is not associated with a susceptibility to develop chronic
hepatitis C. The polymorphism was also associated with a decrease in expression of
the MICA protein in the HCV-related HCC cohort. Conversely, a study by Lange
et all”’! conducted in Switzerland found the rs2596542G>A to have a protective effect
on HCC in patients with HCV throughout the Caucasian population (OR = 0.52,
95%ClI: 0.26-1.08). A meta-analysis study analyzing a total of 11 articles with 4528 HCC
cases and 16625 controls, found the A/ A allele to increase the risk among Asian and
African population and an increased risk of HCC in the G/G allele among the
Caucasian populations!. Increased risk of HCC with individuals who carry the
polymorphism was not found in HBV-related HCC's.

MHC class II: The human leukocyte antigen (HLA) is the human MHC, which is
found on chromosome 6 (6p21) and is divided into three classes, class I, class, II, and
class III. Class II contains the DQ gene family made up of the a and f§ chains, DQA1
and DQB1, respectively™. A GWAS genotyped 502 HCC patients and 749 controls
identifying a SNP present in the HLA gene, specifically the HLA-DQB1 gene. An
additional 994 HCV seropositive participants were genotyped, specifically in the HLA-
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DQB1 gene and found that DQB1*03:01 had protective effects for individuals with
HCV genotype 1 with an odds-ratio of 0.43 (95%CI: 0.23-0.81) (P=0.0095). However, a
DQB1*06:02 indicated a risk of developing HCC for non-genotype 1 HCV patients
with an odds-ratio of 3.03 (95%CI: 1.18-7.74) (P = 0.0208)""l.

For postoperative HCC, Nault et al”"! have described a 5-gene signature consisting of
HN1, RAN, RAMP3, KRT19, and TAF9 (of which 4 were upregulated in tumor) that
had prognostic ability for postoperative tumor recurrence and survival. The effect was
apparent whether a Western cohort of hepatitis C- or an Eastern cohort of hepatitis B-
related HCC were analyzed.

Emerging markers for HCC, non-coding RNA and CircRNA

The human genome encodes for many more RNA molecules than proteins, which are
known as non-coding RNAs (ncRNA). These comprise both short molecules between
20 to 30 nucleotides long, known as mi-RNA, si-RNA and pi-RNA, together with long
non-coding RNA (IncRNA) which are greater than 200 nucleotides. Both types have
been investigated in HCC and are discussed below. This section will also briefly
describe circRNAs that are formed through the back-splicing of the 3" and 5" ends to
form a loop that can sequester miRNAs and proteins to affect gene expression.

Mi-RNAs in diagnosis: Micro-RNAs are usually 21-23 nucleotides in length and
function via the RNA-induced silencing complex (RISC) to regulate gene expression
through mRNA degradation, or alternatively by translational repression. They are
recognized to be highly useful tools in the diagnosis and prognosis, as well as serving
as therapeutic targets for diseases!”. Aberrant production or alterations of mi-RNAs
have been associated with a number of pathologies including cancer, diabetes and
cardiovascular diseases!™.

Initial studies utilized different methodologies to investigate miRNA expression in
hepatitis B, and HCC, with findings in one study” where miR-25, miR-375 and let7f
could significantly separate HCC from controls (AUC = 0.997), were not reproducible
in another!™. The seven miRNAs discovered in the latter study, miR-122, miR-192,
miR-21, miR-223, miR-26a, miR-27a and miR-801 were shown to distinguish between
HCC and all of healthy controls, hepatitis B and cirrhosis. Moreover, the changes
persisted across the range of BCLC stages O, A, B and C. Of interest, 4 of the identified
miRNAs (26a, 223, 21 and 122) had also been previously reported as capable of
achieving this. Notably, 2 of these, miR-21 and miR-122, have been underscored as
useful biomarkers in a subsequent meta-analysis involving 50 studies that included
3423 cases of HCC, 2403 cases of chronic hepatitis and 1887 healthy controls’l. The
pooled analyses indicated that they were slightly better at distinguishing HCC from
controls than those with chronic hepatitis. Of these two molecules miR-122 appeared
to be particularly compelling since mice with a genetic deletion of this in the liver were
found to be prone to the development of NASH, fibrosis and HCC with expression of
oncofetal molecules such as AFP and IGF2""71,

Moshiri et al”! have used RNA sequencing of plasma to approach the problem
differently. After identification of 38 differentially expressed miRNAs with at least a 3-
fold change between HCC and cirrhosis and/or controls, 9 were chosen for further
validation steps by droplet digital PCR (ddPCR) technology. Of these, miR-101-3p,
miR-1246, miR-106b-3p, miR411-5p were evaluated in independent cohorts. Whether
they analyzed plasma or serum, diagnostic accuracies of well over AUC > 0.90 were
achieved for miR-101-3p, miR-1246 and miR-106b-3p, individually or in combination.

Role in treatment of HCC: Previous work with sorafenib did not identify any
biomarkers that were predictive of treatment response in patients with HCC, however,
baseline levels of angiopoietin 2 and VEGF were independent predictors of survival®.
A more recent study has shown an inverse correlation between levels of miR-221 and
sorafenib resistance in animal models and a small cohort of patients®]. Bruix et al*!
and Teufel et al™ investigated tissue and baseline plasma samples in patients involved
in a trial to investigate the response to regorafenib, which is another multikinase
inhibitor. Levels of miR-30a, miR-122, mir-125b, miR-200a, miR-374b, miR-15b, miR-
107, miR-320 and miR-645 were all associated with survival time with regorafenib
treatment. The study also found survival time associations with reduced baseline
levels of Angl, cystatin B, LAP-TGFb1, Lox-1, MIP1a, after treatment.

The objective of using screening in a cirrhotic population is to detect HCC early,
however, in an analogous situation, what happens to patients that undergo HCC
resection and is there a way of then predicting recurrence? Mi-RNAs may be useful in
this scenario as shown by Fu et al™. By analyzing data on 318 patients from The
Cancer Genome Atlas (TGCA) they uncovered a 7-miRNA signature correlated with
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Syear survival which comprised miR-187, miR-9-3, miR-490, miR-1258, miR-3144, miR-
551-a and miR-665. These findings will require replication in larger prospective
cohorts to validate them further.

LncRNAs in HCC: In a search for novel genes in HCC, Panzitt ef al*! discovered the
IncRNA HULC (highly upregulated in liver cancer). This has been investigated in
HCC and found to be associated with clinical stage and intrahepatic metastasis“!.
Other IncRNAs found to be overexpressed in HCC and associated with a poor
prognosis include ZEB1-AS1 and DANCR which function to repress cadherin
expression and CTNNB1 degradation respectively!”*. Conversely, other IncRNAs
exhibit reduced expression in HCC and affect tumor progression by EMT.

CircRNAs in HCC: With respect to CircRNAs, several have been shown to affect key
aspects of tumor biology. As an example, CircMAT2B has been implicated in altering
tumor metabolism under hypoxia; it does so by sequestering miR-338-3p which leads
to increased PKM which is involved in glycolysisl. Another is CircASAP1 which
affects miR-326 and miR-532-5p thereby enhancing MAPK (mitogen-activated protein
kinase) signaling and TAM infiltration. This has been shown to be associated with a
poor prognosis”.

New concepts for biomarker development

A “liquid biopsy’, performed through a blood collection, may be the simplest means
whereby physicians can collect information from patients in a minimally invasive
manner™. It may become an alternative to the time-consuming surgical biopsies
which place patients at risk of developing complications. The risk of needle-track
tumour seeding is another disadvantage of surgical biopsies, which precludes their
routine use to evaluate suspected liver cancer. Moreover, serial collections would be
feasible, allowing evaluation of tumour progression in real time™. A liquid biopsy
analyzes a range of molecular data such as circulating tumor cells (CTCs), cell-free
circulating tumor DNA (ctDNA), and exosomes released from necrotic tumor cells,
thus providing insight into tumour behaviour.

Circulating tumor cells in HCC: Circulating tumor cells are extremely rare, estimated
to be as low as 10 cells in 10 mL of blood, making them difficult to detect!”). However,
CTCs can provide a wealth of information on multiple DNA abnormalities, gene
fusion transcripts, and RNA expression of the cancerous cells when isolated. Flow
cytometry is commonly used to search for CTCs through fluorescently labelled cellular
tags, many which target stem cell markers such as: Epithelial cell adhesion molecule
(EpCAMs), CD133, CD90, CD44, CD13, and cytokeratin 19, A study by Sun ef al"”’}
demonstrated the clinical significance of CTCs in 123 HCC patients by analyzing
EpCAM, which showed a high probability of tumour recurrence in individuals with >
2 CTCs in 7.5 mL of blood. Recurrence was found in 26 of 51 patients with > 2 CTCs,
whereas only 15 of 72 patients with < 2 CTCs showed recurrence after curative
resections. The mean follow-up time was reported to be 15.1 + 2.3 mol”l. Perioperative
analysis of CTCs for individuals with HCC may provide insight on prognosis and can
tailor clinical treatment decisions.

Circulating tumor DNA: Cell-free circulating tumor DNA (ctDNA) is typically 180-
200 basepairs (bp) in length (approximately the size of mononucleosomal unit),
released when tumour cells are phagocytosed or undergo apoptosis. The difficulty of
analyzing ctDNA is due to its low concentration in the blood. Moreover, cell-free DNA
(cfDNA) is released by normal cells further decreasing ctDNA concentrations. Healthy
subjects are found to have a peripheral cfDNA concentration of 10 ng/mL to around
100 ng/mL, with a half-life between 16 min and 2.5 h”"l. Quantitative analysis from
several studies have revealed the mean concentration of cfDNA to be 3-4 times
elevated in HCC patients as compared with chronic hepatitis patients, and almost 20
times higher compared to healthy controls™. Clinico-pathological parameters such as
tumor grade, size of tumor, shorter overall survival, and metastatic ability have been
found to correlate with elevated cfDNA levels™. Aberrant epigenetic alterations,
through DNA methylation, have been found to be one of the universal hallmarks of
cancer which is being investigated in ctDNAs™.. A study by Chan et al'"! analyzed the
hypermethylation of the RASSF1A [Ras association (RalGDS/AF-6) domain family
member 1A] gene, observed in 93% of HCC patents vs 58% of HBV patients, and 8% of
the healthy controls. Interestingly, with a cut off value of 1 x 10° copies/L of the
hypermethylated RASSF1A, 50% of AFP-negative HCCs are identified. This may
indicate a role for its use in promising combinatorial techniques to help in the
diagnosis of HCC. Other features of elevated RASSF1A concentrations may predict
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poor disease-free survival.

DISCUSSION

The basic aims of HCC biomarker research are to find novel molecules, as well as
optimizing use of existing ones, to be able to diagnose the disease earlier in at risk
populations, and furthermore, to be able to predict disease outcome in response to
treatment, as well as provide prognostic information (Figure 2). At the same time the
process needs to safeguard patients against unnecessary testing and follow-up where
there are abnormal biomarker findings but no defined algorithms for further
management, given that only a fraction of the at-risk population will eventually
develop the diseasel'""l. A systematic review has indicated that USS-based screening is
indeed capable of improving mortality associated with HCCl'”l. Conversely, recent
work has questioned the validity of any screening for patients with cirrhosis, in a
matched case control study of the VA health care system, using either USS, AFP or
both, where no difference was found for HCC-related mortality!'”. The finding of
significant heterogeneity in approaches to HCC management in 18031 patients from 14
countries, together with distinct demographics and outcomes, indicates a need for
earlier diagnosis!*.

Serum biomarkers such as AFP allow for a minimally-invasive and rapid evaluation
of at risk patients. However, there are no recommendations for its regular use outside
Japan, where in conjunction with USS, and AFP-L3 and DCP, it is used every 6
months. A recent meta-analysis utilizing 32 studies and 13367 patients showed that
US, with AFP vs without, exhibited greater sensitivity at detecting early stage HCC
(63%, 95%CI: 48-75% vs 45%, 95%Cl: 30%-62%, P = 0.002). However, US alone was
more specific (RR = 1.08; 95%CI: 1.05-1.09) and detected any stage HCC with a
sensitivity of 84%!"l.

Some markers of more aggressive HCC may evolve into developing management
algorithms and SALL4 may be one such example. This may also offer some insight into
disease management, as demonstrated with the aid of molecular reconstruction and
subsequent investigation of interfering with its interaction with NuRD™!. Similarly, in
evaluating markers indicative of advanced HCC it was uncovered that Ang2 and Vegf
independently marked cases with more rapidly progressive disease but had no
bearing on sorafenib response!®l. In comparable work conducted with regorafenib,
survival changes correlated with levels of several miRNAs including miR-30a, miR-122
and miR-200a.

As discussed in this article, there are a number of other serological markers such as
GP73, GPC3, AKR1B10, which appear promising but all require further validation. It
may be that there is no advantage for any of these over AFP alone, as demonstrated in
a meta-analysis for another interesting biomarker, osteopontin!l. Alternatively, they
may require to be combined with other markers such as albumin, to improve their
performance.

Micro-RNAs can be used as diagnostic or prognostic tools and may also serve as
therapeutic targets for HCC. Unfortunately, despite the wealth of data generated in
this area, this approach has failed to show consistency for the molecules assessed.
Micro-RNAs appear to exhibit variability according to whether measured in plasma or
serum hence in part explaining the discrepancies observed in numerous earlier
studies. It appears that mi-RNAs are found in higher concentrations in plasma vs
serum, with platelet mediated degradation during the clotting process speculated to be
a possible explanation for this.

Of those that were initially found to be promising, specifically miR-21 and miR-122,
these were not reported to be differentially expressed in an analysis utilizing RNA
sequencing. The work by Moshiri ef al") has shown that some additional mi-RNAs
that may have potential greater accuracy. However, given the lack of overall
reproducibility of findings so far in this field, these observations remain preliminary
and will require follow-up. The same conclusion may apply to the analysis of CTCs in
HCC. In one study 95% of 195 HCC patients demonstrated a correlation between
hybrid and mesenchymal CTCs (EpCAM/Twist/Snail) with BCLC stage, AFP,
recurrence and metastasis”l. However, a retrospective study that analyzed 113 HCC
patients before curative treatment and 143 HCC patients after curative treatment,
found no correlation of total CTCs or the EMT phenotype with AFP, BCLC stage,
tumor size or vascular invasion!"*l.

From a practical perspective, perhaps the composite scoring systems GALAD and
BALAD-2 currently exhibit the most favorable diagnostic accuracy over conventional
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Figure 2 Markers associated with cancer development and those associated with response to surgical intervention or chemotherapy.
HCC: Hepatocellular carcinoma; AFP-L3: Isoform of AFP binding lectin L3; DCP: Des-gamma carboxyprothrombin; AKBR1BO: Aldo-keto reductase family 1 member
10; SALL4: Sal-like protein 4; GALAD: Gender, Age: Lens culinaris agglutinin-reactive of alpha-fetoprotein, Alpha-fetoprotein, and Des-y-carboxy prothrombin.
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methods. The findings have been replicated in cohorts of patients in both Europe and
Japan, where the etiology of HCC differs. Further prospective analysis in North
America may help to establish this approach as shown by the recent work for GALAD
in NASH related HCCP!. A retrospective analysis has also indicated its superiority
over USS in detecting HCC including patients with negative AFP, and its performance
remained excellent for early stage HCCI'”L.

CONCLUSION

In conclusion, despite the plethora of studies so far, and the promise of different
classes of biomarkers, there appears to be no specific one that currently fulfils the need
to pick up early HCC (BCLC stage O/ A) with any advance over USS with or without
AFP. Similarly, patients undergoing curative resection or chemo-/immuno-therapy
may benefit from comparable analyses. Future prospective multicentre trials are
required in defined at risk populations for HCC to assess the various classes of agents
discussed.
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