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Review

New perspectives of biomarkers for the management of
chronic hepatitis B
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With recent advances in molecular and genomic investigations, the impact of hepatitis B viral and host factors on the
progression of chronic HBV infection has been explored. For viral factors, hepatitis B viral load is a strong predictor for
liver disease progression. Hepatitis B viral kinetics appear to be important for successful anti-viral therapy. Serum HBsAg
level serves as a complementary marker to viral load for the prediction of HBV-related adverse outcomes in patients
with low viral load. In those with low viral load, high serum HBsAg level is associated with higher risks of cirrhosis and
HCC. Hepatitis B core-related antigen (HBcrAg) induces host immune responses, and the reduction of the HBcrAg level
as well as the increment of total anti-HBc level are significantly associated with favorable outcomes. HBV genotypes
(genotype C/D) and mutants (basal core promoter and deletion mutation in pre-S genes) are well known viral genetic
markers to predict disease progression. For host factors, serum inflammatory biomarkers have been developed to
evaluate the HBV-associated hepatic necroinflammation and fibrosis. Host single nucleotide polymorphism on sodium
taurocholate cotransporting polypeptide (NTCP, an HBV entry receptor) may be associated with a decreased risk for
cirrhosis and HCC. In conclusion, patients with chronic hepatitis B should be evaluated with relevant viral and host
markers to identify those who are at a higher risk of liver disease progression and then receive timely antiviral therapy.
(Clin Mol Hepatol 2016;22:423-431)
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INTRODUCTION

Despite the availability of effective hepatitis B virus (HBV) vac-
cine for more than three decades, HBV is still an important public
health problem and the leading cause of chronic hepatitis, cirrho-
sis, and hepatocellular carcinoma (HCC) worldwide."” Although
most of chronic hepatitis B (CHB) patients have favorable clinical
outcomes, HBV eventually leads to develop cirrhosis, liver failure,

or HCC in a significant proportion of patients.” Through the devel-
opment of effective anti-HBV treatment, the prevention of disease
progression and reduction of HCC risk in patients with chronic
HBV infection have been achieved.’ However, the optimal timing
and the strategy of antiviral therapy toward HBV cure are still
daunting challenges ahead. With recent advances in molecular in-
vestigations, several biomarkers associated with the natural histo-
ry of chronic HBV infection and the efficacy of antiviral therapy

Abbreviations:

ALT, alanine aminotransferase; APRI, aspartate aminotransferase to platelet ratio
index; BCP, basal core promoter; CHB, chronic hepatitis B; ERADICATE-B, Elucidation
of risk factors for disease control or advancement in Taiwanese hepatitis B carriers;
HBcAg, hepatitis B core antigen; HBcrAg, Hepatitis B virus core-related antigen;
HBeAg, hepatitis B e antigen; HBsAg, Hepatitis B surface antigen; HBV, Hepatitis B
virus; HCC, hepatocellular carcinoma; NTCP, Sodium taurocholate cotransporting
polypeptide; REVEAL-HBV, Risk evaluation of viral load elevation and associated
liver disease/cancer-hepatitis B virus; SNP, single nucleotide polymorphism

Corresponding author : Jia-Horng Kao

Graduate Institute of Clinical Medicine, National Taiwan University
College of Medicine, 1 Chang-Te St,, Taipei 10002, Taiwan

Tel: +886-2-23123456 ext. 67307, Fax: +886-2-23825962

E-mail: kaojh@ ntu.edu.tw

Received :Jun. 27,2016/ Accepted : Oct. 20, 2016

Copyright © 2016 by The Korean Association for the Study of the Liver

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:kjh@ha.mc.ntu.edu.tw
http://crossmark.crossref.org/dialog/?doi=10.3350/cmh.2016.0069&domain=pdf&date_stamp=2016-12-25

CNMH

lin Mol Hepatol
Volume 22 Number 4 December 2016

have been identified.”” Integration of these biomarkers may improve
our understanding about the natural history of CHB and the response
to antiviral therapy. In this article, a new perspective of biomarkers for
the management of CHB will be reviewed and discussed.

HBV BIOMARKERS ASSOCIATED WITH PRO-
GRESSION OF CHB

The natural history of HBV carriers who are infected early in life
can be divided into 4 dynamic phases based on the virus-host in-
teraction.”® During the immune tolerance phase, extensive liver
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Figure 1. The natural history of chronic hepatitis B by integrating hepatitis B viral and host biomarkers. Modified from Yang, et al.*

424

https://doi.org/10.3350/cmh.2016.0069

http://www.e-cmh.org



seroconversion, patients are usually in the residual or low replica-
tion phase, with low HBV DNA level (less than 2,000 IU/mL) and
normal ALT, and even Hepatitis B surface antigen (HBsAg) sero-
clearance. Unfortunately, a small but significant proportion of pa-
tients continue to have moderate level of HBV DNA and active liv-
er disease designated reactivation phase.”® The frequency and
severity of hepatitis flares during the immune clearance and/or re-
activation phase predicts progression of liver disease. In general,
early HBeAg seroconversion with subsequent HBsAg loss or sero-
conversion typically confers a favorable outcome, whereas late or
absent HBeAg seroconversion after multiple hepatitis flares may
accelerate the progression of chronic hepatitis to cirrhosis, and
therefore, has a poor clinical outcome.

In real world practice, the clinical courses of CHB vary greatly
among individuals. Recent cohort studies on Asian populations
even showed that HCC still occurred in patients with spontaneous
HBsAg clearance."" Therefore, accurate determination of the
clinical phases of a given HBV patient is clinically mandatory. Cur-
rently, several biomarkers affecting clinical outcomes of CHB have
been identified. By integration of these biomarkers, the nature
history of CHB could be revisited (Fig. 1).°

HEPATITIS B VIRAL LOAD

Based on a population-based cohort of untreated CHB Taiwan-
ese patients, the risk evaluation of viral load elevation and associ-
ated liver disease/cancer-hepatitis B virus (REVEAL-HBV) study
first demonstrated that the cumulative incidence of HCC is corre-
lated with serum hepatitis B viral load in a dose dependent man-
ner.*" The relative risk of HCC began to increase from HBV DNA
level of 2,000 IU/mL to HBV DNA levels of 200,000 IU/mL. Several
cross sectional and longitudinal cohort studies in Taiwan, Hong
Kong, and China also confirmed the impact of HBV DNA level on
HCC development.”” In addition, several clinical trials revealed
that a lower baseline HBV DNA level was predictive of HBeAg loss
or seroconversion as well as viral suppression in patients receiving
anti-viral therapy.” These lines of evidence indicate that measure-
ments of HBV viral load may define which CHB patients are at an
increased risk of liver disease progression.

QUANTITATIVE HBsAg LEVEL

HBsAg is a well established biomarker of HBV infection and is
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qualitatively used for the diagnosis of HBV infection in our daily
practice. In the natural course of CHB, HBV DNA is only from ma-
ture infectious particles and its level reflects viral replication. Ac-
cordingly, a decline of HBV DNA means the reduction of HBV rep-
lication. In addition, HBsAg can also be derived from defective
subviral particles. Thus, serum HBsAg level not only reflects the
cccDNA transcription or mRNA translation, but also host immune
control over HBV infection.”"* The combination of low serum HB-
sAg level and serum HBV DNA level can predict inactive HBV car-
rier status and HBsAg loss after HBeAg seroconversion.”* Qur
previous study showed that serum HBsAg level was better than
serum HBV DNA level for the prediction of spontaneous HBsAg
loss in HBeAg-negative carriers with a low viral load (<2,000 1U/
mL). Moreover, serum HBsAg level <10 IU/mL was the strongest
predictor of HBsAg loss in patients with a low viral load.”

The association between serum HBsAg level and HCC has been
elucidated in both community-based and hospital-based cohort
studies. In the community-based cohort study (REVEAL-HBV
study), serum HBsAg and HBV DNA levels were independent pre-
dictors of HCC development in HBV carriers. Serum HBsAg level
was complementary to HBV DNA level in stratifying HCC risks, es-
pecially in patients with HBV DNA level < 200,000 IU/mL.”® In our
hospital-based ERADICATE-B study (Elucidation of Risk Factors
for Disease Control or Advancement in Taiwanese Hepatitis B Car-
riers), elevated HBV DNA and HBsAg levels were positively associ-
ated with HCC development in a dose-response manner in pa-
tients with HBV DNA levels >2,000 IU/mL.*" Although the
incidence of HCC is significantly associated with baseline serum
HBV-DNA level, inactive or low risk HBV carriers (serum HBV-DNA
levels <2,000 1U/mL) still have significantly higher hazard ratios
for HCC compared with individuals without HBV infection.”®
Therefore, it is important to identify factors predictive of HCC oth-
er than HBV DNA level in these inactive or low risk HBV carriers.
In the ERADICATE-B study, among 1,068 HBeAg-negative pa-
tients with HBV DNA levels <2000 1U/mL, the HCC risk signifi-
cantly increased in those with HBsAg level > 1000 IU/mL com-
pared with those with HBsAg level <1,000 IU/mL. Multivariate
analysis revealed that HBsAg level 21,000 IU/mL was an inde-
pendent risk factor for HCC development.”’ Data from REVEAL-
HBV study and ERADICATE-B study all showed that serum HBsAg
and HBV DNA levels were complementary markers in predicting
disease progression, including hepatitis flares, HBeAg-negative
hepatitis, liver cirrhosis, and HCC.”"**°

Despite using immunoprophylaxis to interrupt mother-to-infant
HBV transmission in clinical practice, mothers positive for HBeAg
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with a high viral load are the major causes of immunoprophylactic
failure.®' Furthermore, quantitative maternal HBsAg predicts in-
fection in infants as well as maternal viral load does. Estimated
rates of infection at maternal HBsAg levels of 4, 4.5, and 5 log,,
IU/mL were 2.4%, 8.6%, and 26.4%.*> Thus, antiviral therapy
may be considered in pregnant women with high HBsAg level as
well as high viral load to interrupt mother-to-infant transmission.”

HEPATITIS B CORE-RELATED ANTIGEN LEVEL

Hepatitis B virus core-related antigen (HBcrAg) is comprised of
hepatitis B core antigen (HBcAg), HBeAg and a precore protein
(p22cr) coded with the precore/core region.** HBcAg is an inner
nucleocapsid surrounding the viral DNA. HBeAg is a circulating
peptide derived from the core gene, then modified and secreted
from liver cells. Both HBcAg and HBeAg, sharing an identical 149
amino acid sequence, are the target of cytotoxic T-cell. Thus, HB-
crAg can induce host cellular immune response. During follow-up
of HBeAg-positive patients, the reduction in the HBcrAg levels is
significantly associated with spontaneous HBeAg seroconver-
sion.” Previous reports indicated that serum HBcrAg concentra-
tion is closely correlated with serum HBV DNA as well as intrahe-
patic cccDNA level.”*® Therefore, HBcrAg may help determine the
phase of HBV infection. In a large European cohort mainly infect-
ed with HBV genotypes A or D, the median serum HBcrAg levels
were high in the immune tolerance and immune clearance phases
(>8 log U/mL, respectively), lower in HBeAg-negative chronic
hepatitis (4.82 log U/mL) but very low in HBeAg-negative inactive
carriers (only 2.00 log U/mL).*® Furthermore, recent studies re-
vealed that serum HBcrAg level was associated with development
of HCC in both nucleos(t)ide analogue-treated and untreated pa-
tients.* In a large cohort study, HBcrAg >2.9 log U/mL (HR,
5.05; 95% Cl, 2.40-10.63) was associated with the incidence of
HCC. Of particular note, time-dependent ROC analysis showed
that HBcrAg was superior to HBY DNA in predictive power for
HCC development throughout the follow-up period.*

TOTAL ANTI-HBc LEVEL

Pathogenesis of HBV infection related to the interactions be-
tween host immune responses and HBV-encoded antigens. Im-
munoglobulin antibody to HBcAg is the first antibody to appear
after infection, in the sequence of immunoglobulin M anti-HBc
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(IgM anti-HBc) followed by Immunoglobulin G anti-HBc (IgG anti-
HBc). A novel assay for the quantification of total anti-HBc anti-
bodies has been developed.” In the natural history of chronic
HBV infection, total anti-HBc levels in the immune clearance and
reactivation phases are significantly higher than those in the im-
mune tolerance and inactive carrier phases. Although patients at
the immune-tolerant phase have very high levels of HBV DNA, the
total anti-HBc levels are similar to those of inactive carriers.** In
addition, the baseline total anti-HBc levels could predict HBeAg
seroconversion in HBeAg-positive CHB patients receiving antiviral
therapy. Patients with higher baseline total anti-HBc levels exhib-
ited a higher rate of HBeAg seroconversion.”*® Accordingly, total
anti-HBc level is suggested to correlate with the host immune re-
sponses against HBV and maybe complementary to current quan-
titative viral markers, including HBsAg and HBV DNA levels.

HBV GENOTYPE

According to the divergence in the entire HBV genomic se-
quences, at least 10 HBV genotypes (A to J) have been defined
with specific geographical distributions.”** For example, Geno-
type A and D are prevalent in Africa, Europe, India and America.
Genotypes B and C are most common in Asia-Pacific region. Gen-
otype E is restricted to West Africa. Genotype F is found in Central
and South America. Several studies suggested that HBV genotype
can influence the long-term outcomes of HBV infection. HBV gen-
otype C and D patients, compared to genotype A and B patients,
have late or absent HBeAg seroconversion.**” Patients with gen-
otype C HBV infection have a higher risk of cirrhosis and HCC
than those with genotype B infection.”****** Of interest, several
reports have shown that HBV genotype B was associated with
HCC development in young non-cirrhotic patients. Whereas geno-
type C was associated with HCC development in old cirrhotic pa-
tients.”"*** The possible influence of other genotypes on the nat-
ural history of HBV infection remains limited. Early studies
reported that HCC was more frequent in patients with HBV geno-
type D and F infection than those with genotype A infection.’®*’
Recent cohort study from Gambia, where genotype E prevail, re-
vealed that the annual incidence of HBeAg and HBsAg seroclear-
ance were similar to other genotypes (7.4 and 1.0 %, respective-
ly). However, the incidence rate of HCC in treatment-naive male
chronic HBV carriers in Gambia was higher than Europe but lower
than in East Asia.”®

http://www.e-cmh.org



HBV MUTANTS

Because HBV lacks the ability of proofreading for the spontane-
ous error of viral replication through reverse transcription, HBV
mutant strains occur during the natural course of infection as well
as with anti-viral therapy. The common mutations in core promot-
er and deletion mutation in pre-S/S genes have been reported to
be associated with the progression of liver disease, including cir-
rhosis and HCC. Previous studies revealed that dual mutations in
basal core promoter (BCP) A1762T/G1764A were strongly associ-
ated with the risk of HCC development.”'®**%* BCP A1762T/
G1764A mutants also served as a quantitative viral marker for cir-
rhosis development. In our ERADICATE-B study, quantitative
analysis using pyrosequencing revealed that risk of cirrhosis was
higher in patients with BCP A1762T/G1764A mutants =45%
compared to <45%."

Deletion mutations in the pre-S gene frequently occur in chronic
HBV infection. The deletion over pre-S gene may cause accumula-
tion of large surface protein in the endoplasmic reticulum (ER), re-
sulting in ER stress and hepatocarcinogenesis.**® Previous studies
revealed that the presence of pre-S deletion mutations was an in-
dependent risk factor associated with the development of cirrho-
sis and HCC over time.**®® Meta-analysis studies also confirmed
that pre-S deletion mutations are associated with HCC risk.**®

HOST INFLAMMATORY BIOMARKERS

In the course of chronic hepatitis B, necroinflammation along
with architectural changes of the liver parenchyma often leads to
hepatic fibrogenesis. The severity of hepatic fibrosis is one of the
important prognostic factors in CHB.”® With the limitations of liver
biopsy, several non-invasive biomarkers, such as aspartate amino-
transferase to platelet ratio index (APRI), FIB-4 index, FibroTest,
Forns test, hepascore, have been developed to assess hepatic
necroinflammation and fibrosis.”" Among these biochemical indi-
ces, both APRI and FIB-4 index can be measured by using param-
eters from routine laboratory tests. In our recent study, the corre-
lation between APRI, FIB-4 and histologic severity of 631 CHB
patients was assessed. Areas under receiver operating character-
istic curves of APRI and FIB-4 demonstrated moderate discrimina-
tory power for the diagnosis of significant fibrosis and cirrhosis.
Of particular note, our study showed that the diagnostic ability of
FIB-4 was better than APRI. By applying FIB-4 index, significant
fibrosis could be accurately excluded in 69.2% and presence of

http://www.e-cmh.org

Chih-Lin Lin, et al.
Biomarkers for CHB

cirrhosis could be diagnosed in 84.4% of patients. Furthermore,
62% of patients could be identified correctly without performing
invasive liver biopsy.” Recently, through comprehensive metabo-
lomic profiling method, serum metabolite biomarkers were estab-
lished for CHB stage stratification. A novel metabolite biomarker,
PIPS index, based on phosphatidylinositol and phosphatidylserine,
has high discriminatory power for the detection of early inflamma-
tion and fibrosis in CHB patients.” Taken together, serum inflam-
matory biomarker may serve as useful noninvasive methods to
evaluate the severity of hepatic necroinflammation and fibrosis in
CHB patients.

HOST GENETIC MARKERS

Not only hepatitis B viral factors associated with HCC are identi-
fied, host genetic variations also affect the long-term outcome of
CHB. Although research on the natural history of CHB has made
remarkable progress, host genetic factors associated with disease
progression of CHB have not well addressed yet.”* In a large co-
hort study, including patients with CHB, a single nucleotide poly-
morphism (SNP) (rs72979860) in the intronic region of
interferon-A4 is a strong predictor of hepatic fibrosis progres-
sion.”

Through genome-wide association studies, two SNPs, rs3077
near HLA-DPAT region and rs9277535 near HLA-DPB1 region,
have been shown to be associated with HBV persistence after
acute HBV infection.” Our case-control study demonstrated that
HBeAg-negative patients with rs9277535 non-GG genotype had
a higher likelihood of spontaneous HBsAg seroclearance (Odds
ratio: 1.83, 95% confidence interval: 1.04-3.21, P=0.034).”

Sodium taurocholate cotransporting polypeptide (NTCP) has
been identified as either the receptor or part of the receptor com-
plex for HBV infection.”® NTCP is encoded by the SLC10A1 gene,
locates on chromosome 14. Recently, the association between
SNP, the p.Ser267Phe (S267F) variant (rs2296657), on NTCP and
HBV related cirrhosis and HCC has been determined. A genetic
association study in a large cohort of patients with CHB in Taiwan
demonstrated that S267F was significantly associated with de-
creased risk for cirrhosis and HCC. In addition, patients with un-
detectable HBV DNA and the GA or AA genotypes of S267F vari-
ant had a 25-fold decreased risk of developing HCC than patients
with high viremia who carried the GG genotype.” Therefore, the
S267F variant may serve as a genetic marker to identify CHB pa-
tients with very low risk of developing HCC.
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Table 1. Hepatitis B viral and host factors associated with prognosis of chronic hepatitis B

Viral biomarkers

Host biomarkers

High serum level of HBV DNA/HBsAg/ HBcrAg
Low serum level of total anti-HBc

HBV genotype C/D/F

BCP A1762T/G1764A mutation

Pre-S deletion mutation

High score of inflammatory biomarkers (APRI, FIB-4, metabolite biomarker)
Host genetic markers

1512979860 in the intronic region of interferon-A\4

rs2296651 (5267F) GG genotype on NTCP

Hypermethylation of HOXA2 and HDAC4

Hypomethylation of PPPTR18

Epigenetic change, the DNA methylation, reflects an interaction
between genetic background and cellular microenvironment. DNA
methylation might also contribute to the downregulation of gene
expression, which may link to liver disease progression.*® Recently,
through hepatic genome-wide methylation profiling, hypermethyl-
ation of HOXA2 and HDAC4 along with hypomethylation of
PPP1R18 were identified and significantly linked to severe fibrosis
in patients with CHB. cytosine-guanine dinucleotide methylation
within HOXA2, PPP1R18 and HDAC4 genes might serve as genet-
ic markers for progression of CHB.*'

CONCLUSIONS

Over the past decade, through meticulous investigations on
the molecular epidemiology of HBV, several hepatitis B viral
biomarkers, including HBV viral load, quantitative HBsAg, HB-
crAg, anti-HBc levels and HBV genotype/mutants have been
shown to affect the long-term outcomes of patients with
chronic HBV infection. In addition, the role of host factors in
HBV-related liver disease progression, such as liver inflamma-
tion status, genetic variation and epigenetically modified genes
have also been increasingly recognized. On the basis of these
emerging data (Table 1), patients with CHB should be evaluat-
ed and monitored with relevant viral and host biomarkers to
identify those who have a higher risk of liver disease progres-
sion and receive timely effective antiviral therapy.
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