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1. Abstract

Chronic hepatitis B virus (HBV) infection leads to a heavy disease
burden globally, which is disproportionately high in Asia Pacific re-
gion. The currently available antiviral therapy can effectively sup-
press HBV replication but is not capable of eliminating the virus.
Many new drugs aiming at HBV cure are under investigation in re-
cent years, most of them are in preclinical or early phases of clini-
cal studies. HBsAg loss with or without anti-HBs is now regarded
as a practical endpoint for HBV cure in clinical trials and has been
applied in several phase II trials. Early decline in serum HBsAg on
treatment may be considered as a surrogate endpoint in studies with
short duration. Eradication of intrahepatic cccDNA is a crucial step
in HBV cure, therefore standardized methodology to quantify cccD-
NA is strongly desired. Sensitive and accurate assays for circulating
HBV RNA and HBcrAg which are correlated well with intrahepatic
cccDNA levels and the transcriptional activity would facilitate their

widespread application in clinical trials.
2. Introduction

It is estimated that 296 million people were chronically infected with
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Hepatitis B Virus (HBV), leading to approximately 820,000 deaths
annually by complications of cirrhosis and Hepatocellular Carcino-
ma (HCC) [1]. There are two types of available treatment for Chronic
Hepatitis B (CHB): Intetferons (IFN) or nucleoside/nucleotide an-
alogs (NAs). Interferon can achieve sustained HBV suppression or
even loss of hepatitis B surface antigen (HBsAg) in 5-7% of treated
patients, whereas NAs could effectively suppression the HBV rep-
lication thereby significantly improving the clinical outcomes, but
needs long-term therapy to avoid post-treatment HBV reactivation
and hepatitis flares [2-4].

Better understanding of the HBV life cycle and improved experimen-
tal models facilitate the development of new therapeutic drugs aim-
ing to HBV cure. Three definitions of HBV cure have been raised.
A complete sterilizing cure is defined as loss of HBsAg, cccDNA
and HBVDNA integrated into genome. A Functional cure required
sustained loss of HBsAg, with or without acquisition of anti-HBs,
and undetectable HBV DNA 6 months after completing treatment.
A partial functional cure has been tentatively defined as a decline
in HBsAg concentrations to lower levels after finite treatment. To

accelerate the clinical development of therapies for HBV cure, a
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workshop with key stakeholders developed a consensus on treatment
endpoints in 2016 to guide the design of the clinical trials [5]. A fol-
low-up conference was jointly held in 2019 with participants, repre-
senting patient groups, regulatory agencies, academia and industry to
promote the planning and execution of new trials [6]. Both consen-
suses suggested that a complete sterilizing cure is an ideal endpoint
but unlikely to be feasible in the near future; a functional cure is a

realistic endpoint. A partial functional cure is not determined yet.

Many HBV cure drugs have entered into different phases of clinical
trials. Direct antiviral drugs such as HBV entry inhibitors, targeting
HBx, translation inhibitors, capsid assembly inhibitors, HBsAg se-
cretion inhibitors, and host immune modulators including innate and
adaptive immunity activators. A combination of antiviral and im-
mune-modulatory therapies is likely a promising strategy to achieve
functional HBV cure. In view of endpoint selection for HBV cure,
both old and new biomarkers have been studied intensively in recent
years. Besides HBVDNA and HBsAg loss, covalently closed circular
DNA (cccDNA), HBV RNA and hepatitis B core-related antigen
(HBcrAg) have been evaluated. We summarized their role in HBV
life cycle, the dynamic change of these biomarkers in natural history,

on-treatment management and application in new drug trials.
3. Nucleic Acid Biomarkers
3.1. HBVDNA

HBV is a small enveloped virus, its infectious form containing a par-
tially double-stranded DNA genome. HBV DNA tests are important
for diagnosis and management of patients with CHB. Virological
response is defined as suppression of serum HBV DNA to unde-
tectable using sensitive real-time polymerase chain reaction assays.
Maintenance of complete virological response is the basis of HBV
cure. Serial monitoring of HBV DNA is necessary to assure the sup-
pression of HBV replication. Therefore, HBVDNA test is currently

mandatory in new drug trials for HBV cure.
3.2. HBV RNA

Circulating HBV RNA may be a potential biomarker for evaluation
of hepatic cccDNA concentration and transcriptional activity. HBV
RNA is likely to be a mixture of intact, pregenomic (pg) and subge-
nomic, spliced, truncated, and polyA-free species [7]. Further tested
in 1827 specimens confirmed that full-length pgRNA is the primary
serum HBV RNA species [8]. Serum HBV RNA, particularly pgR-
NA, is regarded as a reliable measurement of cccDNA transcription-
al activity. HBV RNA response was usually defined as HBV RNA
decline of either >2 logs, or an HBV RNA decline for >1 log and
below the Low Limit of Detection (LLD).

In the natural history of chronic HBV infection, serum HBV RNA
levels vary greatly. The level is lower in the HBeAg-negative than
those in the HBeAg-positive patients, with the lowest levels in inac-
tive carriers [9, 10]. In a retrospective cohort study consisting of 204
outpatients with untreated CHB, the median serum HBV pgRNA
level was 4.12 log10 copies/ml and 33.3% of them being under LLD
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(<500 copies/ml), with serum HBV pgRNA under LLD in 15.75%
of HBeAg-positive and 77.59% of HBeAg-negative patients [10].

In a cohort of PEG-IFN-based therapy, the HBV RNA response
was defined as HBV RNA decline of either >2 logs or an HBV RNA
decline or >1 log which resulted in HBV RNA level below the LLD.
The results showed that 56.4% of patients with HBV RNA response
during the treatment did not experience HBsAg decline >0.5 log,
resulting a low rate of HBsAg loss [11]. In a study with 388 patients,
NA treatment reduced serum HBV RNA by 1.46 logs and 1.77 logs
at weeks 48 and 96, respectively, with 15.8% of patients with HBsAg
seroclearance having detectable HBVRNA [12]. End-of-treatment
HBV RNA and off-treatment serial HBV RNA were independent-
ly associated with HBV DNA levels; patients with HBV RNA level
>44.6 U/mL at the end of treatment had a cumulative 48-week HBV
DNA >2000 IU/mL rate of 93.2%, whereas patients with serum
HBV RNA undetectable (<44.6 U/mL) and HBsAg <10 IU/mL
had a durable off -treatment response [13].

The role HBV RNA as an endpoint has also been investigated in
trials on novel therapy. During the phase I study in HBeAg-positive
non-cirrhotic CHB patients, NVR 3-778 (the first capsid assembly
modulator, CpAM) plus PEG-IFN reduced HBV RNA further by
2.09 log10 copies/mL compared with monotherapy of NVR 3-778
(by 1.42 logl0 copies/mL) ot PEG-IFN (0.89 logl0 copies/mL),
respectively [14]. Similarly, dose-dependent decreases in serum RNA
levels are also observed consistently with HBV DNA declines in
phase I trial of ABI-H0731 (oral CpAM) [15].

for a longtime there had been no standardized assay available, al-
though serum HBV RNA has been quantified in many studies by
high-throughput HBV-RNA tests. Recently, an automated assay for
the quantification of serum HBV pgRNA has been improved to be
six-fold more sensitive over in-house assays [16]. In a study, four as-
says to quantify serum HBV RNA levels were developed and proved
to be capable of predicting HBeAg loss in ETV treated patients [17].
Further studies to establish a standardized sensitive quantification
detection of serum HBV RNA would be expected to facilitate the

widespread application in clinical trials.
3.3. Covalently Closed Circular DNA (cccDNA)

Covalently closed circular DNA in the nucleus of hepatocytes pro-
vides a transcriptional template for pregenomic and subgenomic
RNAs. With a highly sensitive PCR assay, it is observed that the me-
dian intrahepatic cccDNA levels were 1.4, 0.01, 0.02, 0.002 copies/
cell in HBeAg positive patients, HBeAg negative patients, inactive
carriers, and patients with HBsAg clearance, respectively [18]. De-
cay of cccDNA is slow with a half-life of about 40 days and 35-57
days in vitro and in vivo models [19, 20]. Recently, it is estimated
with a mathematical model that cccDNA lifespan is 61 (36—2306) days
in HBeAg positive patients and is only 26 (16-81) days in HBeAg
negative patients [21]. The new genesis of cccDNA via intra-cellu-

lar amplification contributed to the maintenance/replenishment of
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cccDNA pools, which is responsible for the persistence of chronic
HBYV infection.

Approved antiviral therapy does not directly target the cccDNA res-
ervoir but has an indirect effect in reducing cccDNA. Forty-cight
weeks of PEG-IFN therapy resulted in a decrease of cccDNA from
median 33.8 copies/cell to 2.53 copies/cell [22]. In CHB patients
treatment with NAs (ETV, LAM, or TDF ) for one year could also
slightly decrease the HBVcccDNA [18, 23].

New approaches to target HBV cccDNA are under investigation.
Neddylation inhibitor MILN4924, which is currently in several phase
1T clinical trials for anti-cancer application, can effectively inhibit the
production of cccDNA and HBV antigen [24]. Cheng et al found
that dicoumarol, an inhibitor of NAD(P)H: quinone oxidoreductase
1 (NQO1) could dose-dependently blocks cccDNA transcription
through promoting degradation of HBx [25].

Though eradication of intrahepatic cccDNA is considered to be a
crucial step for HBV cure, there are two obstacles for cccDNA to
act as an endpoint of trials. First, there are still no sensitive, specif-
ic, and quantitative commercial assays available for the detection of
cccDNA. Second, a liver biopsy specimen is required for cccDNA
detection. Therefore, a surrogate non-invasive markers for cccDNA

may need to be developed.
4. Protein Biomarkers
4.1. Hepatitis B Surface Antigen (HBsAg)

HBsAg was first reported as a "new" antigen in leukemia serum by
Dr. Blumberg in 1965, it is also termed the “Australian antigen” be-
cause it was first found in an Australian aborigine [26]. All three HBV
surface proteins isoforms, namely Small (SHBs), Medium (MHBs),
and Large (LHBs) are encoded within one open reading frame of
HBYV (S-ORF), but are translated from different mRNAs by alternate
use of three translational start codons [27]. The SHBs composites
the majority (~80%) of the HBsAg, MHBs and LHBs form the mi-
nority. The proportion of MHBs and LHBs vary in Subviral Parti-
cles (SVP), with MHBs accounts for a small amount (~10%), while
LHBs accounts for about 25% in SVP filaments and virions [28]. The
half-life of circulating HBsAg is about seven days in patients with
HBYV infection, with the SHBs having a shorter half-life than MHBs
and LHBs [29]. HBsAg can be expressed from both HBV cccDNA
which are the major reservoir and template for HBV DNA repli-
cation and transcription and integrated viral DNA sequences [30,
31]. HBsAg forms the envelope of virions, but the incomplete HBV
viral particles such as empty virions and RNA virions exit in 1000—
100,000-fold excess relative to the number of virions [32]. HBsAg
turnover in the blood during chronic infection is rapid, which may be

driven by antibody-mediated or antibody-independent mechanisms.

In the natural history of untreated CHB, serum HBsAg levels vary
in different phases of chronic HBV infection. In general, HBsAg
levels are higher in the hepatitis B e antigen (HBeAg) positive phase
compared to the HBeAg-negative phase [33]. It takes a long time for
https:/ /jjgastrohepto.org/
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HBsAg levels to decline even after transitioning to the HBeAg-nega-
tive phase. A meta-analysis showed that spontaneous HBsAg loss oc-
curred in 3489 (7.6%) of 45,975 patients with 341,862 person-years
of follow-up, resulting a pooled annual incidence rate of HBsAg loss
of 1.13%, which is higher in HBeAg negative (1:44%) than that in
HBeAg positive patients (0-74%) [34].

HBsAg loss during antiviral therapy requires effective inhibition of
transcription from both cccDNA and integrated HBV DNA. HB-
sAg loss with or without anti-HBs confirmed on two occasions at
least six months apart has been considered a valid surrogate endpoint

for functional cure of HBV infection [5].

HBsAg loss would be a practical endpoint because there are com-
mercialized assays that can quantitate HBsAg at a relatively low cost.
Standardized assays are available for quantification of HBsAg with a
Lower Limit of Detection (LLOD) of around 0.05 IU/ml and even
0.005 IU/ml. the upper limit of detection to over 50,000 IU/ml as
the systems have automatic onboard dilution. However, the assays
are not capable of discriminating between the three different HBs
proteins or transcription sources of HBsAg [35, 36].

Therefore, HBsAg loss is currently used as the primary efficacy end-
point in most treatment trials of novel therapeutic agents irrespective
of treatment targets [6] (Table 1 and Table 2). Myrcludex B (MyrB)
is the first approved drug for hepatitis D by the European Medicines
Agency. MyrB prevents the entry of HBV into hepatocytes by com-
peting with HBV for sodium taurocholate co-transporting polypep-
tide INTCP). Administration of MyrB combined with injection of
pegylated interferon o (Peg-IFN o) for 48 weeks was safe and effec-
tive in phase II studies in patients co-infected with HBV and HDV,
yielding a HBsAg loss rate of 13% [37].

As a translation inhibitor, siRNA agent JNJ 3989 combined with
NAs resulted in sustained declines of HBsAg, HBeAg, HBcrAg, and
HBV RNA [38]. By treatment day 168, the average HBsAg level fell
from baseline by 1.93 log10 IU/mL, with 39 of the 40 participants
(98%) having at least a 1 log10 (10-fold) drop at the lowest point of
the decline [39]. Similatly, in Phase II trial of ARB-1467 which com-
prises three RNAI triggers that target all four HBV transcripts, seven
of the 12 patients met the predefined response criteria (at least 1
log10 reduction in serum HBsAg level and a serum HBsAg level be-
low 1000 IU/mL) at ot before day71. GSK3389404 (an antisense oli-
gonucleotide inhibits synthesis of HBsAg and other HBV proteins)
dosing has been tested up to 120 mg for 4 weeks with an acceptable
safety and pharmacokinetic profile, supporting further clinical inves-
tigation in patients with chronic hepatitis B [38].

Nucleic Acid Polymers (NAPs) inhibit the assembly and secretion of
Hepatitis B Virus (HBV) Subviral Particles (SVP). In an open-label,
phase 2 study, the addition of NAPs REP 2139 or REP 2165 to
Tenofovir Disoproxil Fumarate (TDF) plus PEG-IFN did not alter
tolerability and significantly increased rates of HBsAg loss and HB-

sAg seroconversion during and after the therapy [40].



Studies showed that eatly decline in serum HBsAg on treatment at
least 1 log by week 12 or 24 are associated with HBsAg loss during
or after treatment, with a positive predictive value of up to 45% and
a high negative prediction value of up to 97% [5]. A systematic re-
view suggested that patients with decreasing HBsAg levels or lower

HBsAg levels (<100 IU/ml) ate capable of maintaining control of

Table 1: Direct antiviral drugs of HBV cure
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HBYV after discontinuation of long-term NA therapy [41]. Howev-
er, the ability of HBsAg decline to predict HBsAg loss might differ
with HBeAg status, HBV genotype, and the treatment. Therefore, it
is suggested that a decline in HBsAg levels in phase II clinical trials
should currently only be considered as exploratory [6], whether it can

be used as a surrogate endpoint is still an issue at discussion.

Drug name (Sponsor) Mechanism of action Stage Primary Endpoint Secondary Endpoints
Entry Inhibitor
Proportion of patients with . . .
Myrcludex B (MYR) NTCP blocker 2 HBsAg response at week Proportion of patients with HBsAg
12 response at week 24
HHO003 (Huahui) NTCP blocker 1
Virological response at
Hepalatide (Shanghai HEP) NTCP blocker 2 week 24: HBV DNA<20 |HBV DNA down from baseline log10
[U/ml
VIR-3434 (Vir) HBV-neutralizing antibody 1
GST-HG131 (Fuyjian) S-antigen inhibitor 1
ALG-010133 (Aligos) S-antigen transport inhibitor 1
Targeting HBx
CRV431 (Contravir) Blocks NTCB and protein |
folding
Mean change in quantified
Nitazoxanide (Romark) 2 HBsAg from baseline to
week 12
Translation inhibitors
Percentage of patients with
JNJ3989 (Janssen ) siRNA o  |HBsAgsero-clearance
up to week 96 without
restarting NA treatment
AB-1467 (Arbutus) SIRNA 2 IEESZE‘E?ZE serum
Change from baseline in log10 HBV
GSK3389404 (GSK) ASO 2 Safety DNA and HBsAg levels in plasma at
baseline, Day 1, 3, 8, 15, 22, 30 and 60
Percentage of patients who
achieve SVR for 24 weeks
after the end of treatment;
percentage of participants
GSK3228836 (GSK) ASO 2 achieving HBsAg and
HBV DNA <LLOQ from
off-treatment week 1 to
off-treatment week 24
Percentage of participants
with sustained HBsAg
BRII-835 (VIR-2218) (Brii ) siRNA 2 loss during the 48-week
follow-up period after NA
withdrawal
Capsid assembly inhibitors
Change from Baseline in mean log10
ABI-HO731+AB729 (Assembly) Small molecule 2 |safety Eﬁ;‘*fii‘gg’z @iﬁfﬁgfiﬁtﬁgﬁﬂfv
baseline in mean logl0 HBcrAg
Percentage of participants
with HBsAg seroclearance
IJNJ6379 (Janssen ) Small molecule 2 up to week 96 without
restarting NA treatment
JNJ0440 (Janssen ) Small molecule 1
The value of serum
GLS4 (HEC Pharma) Small molecule ) HBsAg decreased from The value Qf serum HBeAg decreased
baseline to week 48 weeks |from baseline
after dosing
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Percentage of participants
with HBsAg loss at 24

Percentage of participants with HBsAg
loss up to 96 weeks; Percentage of

RO7049389 (Roche) Small molecule 2 weeks post-EOT (up to 72 |participants with HBsAg seroconversion
weeks) up to 96 weeks.
AB-506 (Arbutus) Small molecule 1
Safety, change from
ABI-H2158 (Assembly) Small molecule 2a  |baseline in mean log10
HBV DNA
S;\? Adllg\l;iea(tﬁ;::?g 24 of The changes of HBsAg and HBeAg level
QL-007 (Qilu) Small molecule 2 treatment compared to from baseline at week 4, 8, 12, 16, 20, 24,
. 36, 48, 60, 72, 84, 96
baseline
EDP-514 (Enanta) Small molecule 1
ALG-000184 (Aligos) Small molecule 1
AB-836 (Arbutus) Small molecule 1
GST-HG141 (Fujian) Small molecule 1
HBsAg secretion inhibitors
The primary action of NAPs is to lower
REP 2139, 2165 (Replicor) NAP ’ Safety serum HBsAg. This effect is monitored

throughout treatment and for 48 weeks
following treatment.

Abbreviations: NTCP, sodium taurocholate cotransporting polypeptide; HBsAg; Hepatitis B surface Antigen; HBV: Hepatitis B Virus; SVR: Sustained
Virologic Response; siRNA: small Interfering RNA; ASO: Antisense Oligonucleotide; LLOQ: Lower Limit of Quantification; NA: Nucleos(t)ide Analogs;
EOT: End of Treatment; NAP: Nucleic Acid Polymer.

Table 2: Immune modulators of HBV cure

log reduction in HBsAg log10IU/ mL at 12
or 24 weeks of treatment, or at 4, 12, or 24
weeks of follow-up visits compared with

baseline

Drug name |  Mechanism of action [ Stage | Primary Endpoint | Secondary Endpoints
Innate immunity activators
RO7020531 (Roche) TLR7 agonist 1
Pharmacodynamics: peripheral
RO6864018 (Roche) TLR7 agonist 2 |Safety blood levels of interferon (IFN)-
alpha in QOD dosing cohorts
Mean change ( log10 IU/mL) in HBsAg Percentage of participants with
GS-9620 (Gilead) TLR7 2 . HBeAg loss and seroconversion at
from baseline at week 24
week 24
GS-9688 (Gilead) TLRS8 1
APG-1387 (Ascentage) IAP inhibitor 2 |Safety, decline in HBsAg
HBYV biomarker, including HBsAg,
. . HBsAb, HBeAb, anti-HBc, HBV-
¥1Qar-1213113g3)4 (Chia Tai TLR7 agonist pharmacokinetics/pharmacodynamics DNA, HBV RNA and HBcrAg at
day 1 pre-dose, day 84, day 168,
day 336 post-dose
Adaptive immunity activators
TG-1050 (T101) (Transgene/ Ad5 delivery Vaccine 1
Talsy)
. . Mean change in serum HBsAg from|Mean change in serum HBsAg from
GS-4774 therapeutic vaccine 2 baseline to week 24 baseline to week 12
HepTeell (Altimmune) Peptide plus IC?I 2 The prqportion of patients achieving The proportion of patients achieving
(adjuvant) Vaccine virologic response clearance of HBsAg
. . Percentage of participants with sustained
BRII-179 (Brii) 1mmun0th§rapeutlc 2 |HBsAg loss during the 48-week follow-up
vaceme period after Nrtl withdrawal
CVI-HBV-002 (CHA) Therapeutic vaccine 2b The proportion of patients achieving
clearance of HBsAg
o Proportion of participants with (HBsAg
SLGN+nivolumab (GS) CTLA-4 inhibitortPD-1 1 - ) and HBV DNA < 20 IU/mL at follow-
inhibitor
up (FU) week 24
The decreased HBsAg levels at 12 or
24 weeks of treatment or at 4, 12, or 24
weeks of follow-up visits compared with
ASC22 (Ascletis) anti-PD-1 antibody 2 baseline, the number of patients with >0.5
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The proportion of the subjects who achieve
HLX10 (Henlix) anti-PD-1 antibody 2 0.5 log decline in HBsAg log10 IU/mL
from baseline

Cemiplimab (Regeneron) anti-PD-1 antibody 2-Jan |Safety

Change in quantitative HBsAg from
pre-treatment to weeks 6, 8, 12, 14,
18, 24, 36, 54,72, 90

week 12

Proportion of participants With > 0.5 log10
Inarigivir Soproxil (GS) NOD agonist 2 |IU/mL decline in HBsAg from baseline at

4.2. Hepatitis B Core-Related Antigen (HBcrAg)

Serum HBcrAg test recognizes denatured HBcAg (10%), HBeAg
(80%) and pre-core protein (10%) [42]. In untreated patients, HB- 4
crAg levels were significantly higher in HBeAg positive than in
HBeAg negative patients and correlated with intrahepatic cccDNA
levels, and transcriptional activity [43]. HBcrAg significantly declined
after 2-year first-line oral antiviral therapies (ETV, TDE, and TAF), 5.
all of them with a similar magnitude of reduction [44]. The presence
of HBcrAg seems to predict viral relapse after discontinuation of 0

NAs therapy.

HBcrAg could be useful in the evaluation of novel therapies aim-

ing at a functional cure either by directly or indirectly targeting the

intrahepatic cccDNA pool. A high-sensitivity assay for HBcrAg B
(TACT-HBcrAg) has been developed, which is about 10-fold more
sensitive than the conventional HBcrAg assay [45]. This new assay is

8.

timely for the ongoing pursuit of an HBV cure and may be applied

as an exploratory endpoint in clinical trials.
5. Conclusions

New agents aiming at HBV cure are developing rapidly in recent 9.
years. HBsAg loss is now the practical endpoint for HBV cure in

clinical trials. Early decline in serum HBsAg may be an exploratory

or surrogate endpoint. Standardization for direct quantification of  10.

cccDNA or indirect measurement of intrahepatic cccDNA levels as

well as its transcriptional activity by HBV RNA and HBcrAg, are in

urgent need to facilitate their widespread application in clinical trials.  11.

6. Grant Support

This review was funded by the National Major Science and Technol-
ogy Project (20182X09201016), Beijing Municipal Commissions of
Science and Technology (£191100007619037), and the Project of
the Digestive Medical Coordinated Development Center of Beijing
Hospitals Authority (XXZ0405).

References 13.

1. World Health Organization. Global hepatitis teport-2017. https://
wwwwhoint/hepatitis/publications/global-hepatitis-report2017/en/.
2017. Accessed June 02, 2020.

14.

2. Buti M, Riveiro-Barciela M, Rodriguez-Frias F, Tabernero D, Esteban
R. Role of Biomarkers in Guiding Cure of Viral Hepatitis B. Semin
Liver Dis. 2020; 40: 49-60.

3. Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM, et

al. Regression of cirrhosis during treatment with tenofovir disoproxil

15.

https:/ /jjgastrohepto.org/

12.

fumarate for chronic hepatitis B: a 5-year open-label follow-up study.
Lancet. 2013; 381: 468-75.

Chang TT, Liaw YE, Wu SS, Schiff E, Han KH, Lai CL, et al. Long-
term entecavir therapy results in the reversal of fibrosis/cirrhosis and
continued histological improvement in patients with chronic hepatitis
B. Hepatology. 2010; 52: 886-93.

Lok AS, Zoulim F, Dusheiko G, Ghany MG. Hepatitis B cure: From
discovery to regulatory approval. Hepatology. 2017; 66: 1296-313.

Cornberg M, Lok AS, Terrault NA Zoulim F. Guidance for design and
endpoints of clinical trials in chronic hepatitis B - Report from the
2019 EASL-AASLD HBV Treatment Endpoints Conference(double
dagger). ] Hepatol. 2020; 72: 539-57.

Liu S, Zhou B, Valdes JD, Sun J, Guo H. Serum Hepatitis B Virus RNA:
A New Potential Biomarker for Chronic Hepatitis B Virus Infection.
Hepatology. 2019; 69: 1816-27.

Anderson M, Gersch ], Luk KC, Dawson G, Carey I, Agarwal K, et al.
Circulating Pregenomic Hepatitis B Virus RNA Is Primarily Full-length
in Chronic Hepatitis B Patients Undergoing Nucleos(t)ide Analogue
Therapy. Clin Infect Dis. 2021; 72: 2029-31.

LiuY, Jiang M, Xue J, Yan H, Liang X. Serum HBV RNA quantifica-
tion: useful for monitoring natural history of chronic hepatitis B infec-
tion. BMC Gastroenterol. 2019;19: 53.

Wang ML, Liao J, Ye E, Tao YC, Wu DB, He M, et al. Distribution and
factors associated with serum HBV pregenomic RNA levels in Chinese
chronic hepatitis B patients. ] Med Virol. 2021; 93: 3688-96.

Brakenhoff SM, de Man RA, Boonstra A, van Campenhout MJH, de
Knegt RJ, van Bommel F, et al. Hepatitis B virus RNA decline without
concomitant viral antigen decrease is associated with a low probabili-
ty of sustained response and hepatitis B surface antigen loss. Aliment
Pharmacol Ther. 2021; 53: 314-20.

Mak LY, Cloherty G, Wong DK, Gersch ], Seto WK, Fung J, et al. HBV
RNA Profiles in Patients with Chronic Hepatitis B Under Different
Disease Phases and Antiviral Therapy. Hepatology. 2021; 73: 2167-79.
Seto WK, Liu KS, Mak LY, Cloherty G, Wong DK, Gersch ], et al.
Role of serum HBV RNA and hepatitis B surface antigen levels in
identifying Asian patients with chronic hepatitis B suitable for entecavir
cessation. Gut. 2021; 70: 775-83.

Yuen ME, Gane EJ, Kim DJ, Weilert F, Chan HLY, Lalezari ], et al.
Antiviral Activity, Safety, and Pharmacokinetics of Capsid Assembly
Modulator NVR 3-778 in Patients with Chronic HBV Infection. Gas-
troenterology. 2019; 156: 1392-403.

Yuen M-F, Agarwal K, Gane EJ, Schwabe C, Ahn SH, Kim DJ, et al.


https://pubmed.ncbi.nlm.nih.gov/31805583/
https://pubmed.ncbi.nlm.nih.gov/31805583/
https://pubmed.ncbi.nlm.nih.gov/31805583/
https://pubmed.ncbi.nlm.nih.gov/23234725/
https://pubmed.ncbi.nlm.nih.gov/23234725/
https://pubmed.ncbi.nlm.nih.gov/23234725/
https://pubmed.ncbi.nlm.nih.gov/23234725/
https://pubmed.ncbi.nlm.nih.gov/20683932/
https://pubmed.ncbi.nlm.nih.gov/20683932/
https://pubmed.ncbi.nlm.nih.gov/20683932/
https://pubmed.ncbi.nlm.nih.gov/20683932/
https://pubmed.ncbi.nlm.nih.gov/28762522/
https://pubmed.ncbi.nlm.nih.gov/28762522/
https://pubmed.ncbi.nlm.nih.gov/31713892/
https://pubmed.ncbi.nlm.nih.gov/31713892/
https://pubmed.ncbi.nlm.nih.gov/31713892/
https://pubmed.ncbi.nlm.nih.gov/31713892/
https://pubmed.ncbi.nlm.nih.gov/30362148/
https://pubmed.ncbi.nlm.nih.gov/30362148/
https://pubmed.ncbi.nlm.nih.gov/30362148/
https://pubmed.ncbi.nlm.nih.gov/32687164/
https://pubmed.ncbi.nlm.nih.gov/32687164/
https://pubmed.ncbi.nlm.nih.gov/32687164/
https://pubmed.ncbi.nlm.nih.gov/32687164/
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/s12876-019-0966-4
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/s12876-019-0966-4
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/s12876-019-0966-4
https://pubmed.ncbi.nlm.nih.gov/32949174/
https://pubmed.ncbi.nlm.nih.gov/32949174/
https://pubmed.ncbi.nlm.nih.gov/32949174/
https://pubmed.ncbi.nlm.nih.gov/33222190/
https://pubmed.ncbi.nlm.nih.gov/33222190/
https://pubmed.ncbi.nlm.nih.gov/33222190/
https://pubmed.ncbi.nlm.nih.gov/33222190/
https://pubmed.ncbi.nlm.nih.gov/33222190/
https://pubmed.ncbi.nlm.nih.gov/33159329/
https://pubmed.ncbi.nlm.nih.gov/33159329/
https://pubmed.ncbi.nlm.nih.gov/33159329/
https://gut.bmj.com/content/70/4/775
https://gut.bmj.com/content/70/4/775
https://gut.bmj.com/content/70/4/775
https://gut.bmj.com/content/70/4/775
https://pubmed.ncbi.nlm.nih.gov/30625297/
https://pubmed.ncbi.nlm.nih.gov/30625297/
https://pubmed.ncbi.nlm.nih.gov/30625297/
https://pubmed.ncbi.nlm.nih.gov/30625297/
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(19)30346-2/fulltext

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Safety, pharmacokinetics, and antiviral effects of ABI-H0731, a hep-
atitis B virus core inhibitor: a randomised, placebo-controlled phase
1 trial. The Lancet Gastroenterology & Hepatology. 2020; 5: 152-66.

Butler EA-O, Gersch ], McNamara A, Luk KC, Holzmayer V, de Me-
dina M, et al. Hepatitis B Virus Serum DNA andRNA Levels in Nu-
cleos(t)ide Analog-Treated or Untreated Patients During Chronic and
Acute Infection. (1527-3350 (Electronic)). 2018; 68: 2106-117.

Liu S, Wu Y, Deng R, Shen §, Fan R, Peng J, et al. Methodology-depen-
dent performance of serum HBV RNA in predicting treatment out-
comes in chronic hepatitis B patients. Antiviral Res. 2021; 189: 105037.

Werle-Lapostolle B, Bowden S, Locarnini S, Wursthorn K, Petersen
J, Lau G, et al. Persistence of cccDNA during the natural history of
chronic hepatitis B and decline during adefovir dipivoxil therapy. Gas-
troenterology. 2004; 126: 1750-58.

Ko C, Chakraborty A, Chou WM, Hasreiter J, Wettengel JM, Stadler
D, et al. Hepatitis B virus genome recycling and de novo secondary
infection events maintain stable cccDNA levels. ] Hepatol. 2018; 69:
1231-41.

Addison WR, Walters KA, Wong WW, Wilson ]S, Madej D, Jewell LD,
et al. Half-life of the duck hepatitis B virus covalently closed circular
DNA pool in vivo following inhibition of viral replication. ] Virol.
2002; 76: 6356-63.

Lythgoe KA, Lumley SE, Pellis L, Mc Keating J, Matthews PC. Estimat-
ing hepatitis B virus cccDNA persistence in chronic infection. Virus
Evol. 2021; 7: veaa063.

Wang X, Chi X, Wu R, Xu H, Gao X, Yu L, et al. Serum HBV RNA
correlated with intrahepatic cccDNA more strongly than other HBV

markers during peg-interferon treatment. Virol J. 2021; 18: 4.

Bowden S, Locarnini S, Chang TT, Chao YC, Han KH, Gish RG, et al.
Covalently closed-circular hepatitis B virus DNA reduction with ente-
cavir or lamivudine. World | Gastroenterol. 2015; 21: 4644-51.

Xie M, Guo H, Lou G, Yao J, Liu Y, Sun Y, et al. Neddylation inhibitor
MIN4924 has anti-HBV activity via modulating the ERK-HNF1al-
pha-C/EBPalpha-HNF4alpha axis. ] Cell Mol Med. 2021; 25: 840-54.
Cheng ST, Hu JL, Ren JH, Yu HB, Zhong S, Wong VKW, et al. Dicou-
marol, an NQO1 inhibitor, blocks cccDNA transcription by promot-
ing degradation of HBx. ] Hepatol. 2021; 74: 522-34.

Blumberg BS, Alter HJ, Visnich S. A “New” Antigen in Leukemia Sera.
JAMA. 1965; 191: 541-6.

Eble BE, MacRae Dr Fau - Lingappa VR, Lingappa Vr Fau - Ganem
D. Multiple topogenic sequences determine the transmembrane orien-
tation of the hepatitis B surface antigen. 1987; 7: 3591-601.

Glebe D, Bremer CM. The molecular virology of hepatitis B virus.
2013; 33: 103-12.

Loomba R, Decaris M, Li KW, Shankaran M, Mohammed H, Matthews
M, et al. Discovery of Half-life of Circulating Hepatitis B Surface Anti-
gen in Patients with Chronic Hepatitis B Infection Using Heavy Water
Labeling, Clin Infect Dis. 2019; 69: 542-5.

Chan HL, Wong VW, Tse AM, Tse CH, Chim AM, Chan HY, et al.
Serum hepatitis B surface antigen quantitation can reflect hepatitis B

virus in the liver and predict treatment response. Clin Gastroenterol

https:/ /jjgastrohepto.org/

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

2021, V7(5): 1-7

Hepatol. 2007; 5: 1462-8.

Wooddell CI, Yuen MF, Chan HL, Gish RG, Locarnini SA, Chavez
D, et al. RNAi-based treatment of chronically infected patients and
chimpanzees reveals that integrated hepatitis B virus DNA is a source
of HBsAg; Sci Transl Med. 2017; 9: eaan0241.

Hu ], Liu K. Complete and Incomplete Hepatitis B Virus Particles:
Formation, Function, and Application. Viruses. 2017; 9: 56.

Mak LY, Seto WK, Fung J, Yuen ME. Use of HBsAg quantification in
the natural history and treatment of chronic hepatitis B. Hepatol Int.
2020; 14: 35-46.

Zhou K, Contag C, Whitaker E, Terrault N. Spontaneous loss of sur-
face antigen among adults living with chronic hepatitis B virus infec-

tion: a systematic review and pooled meta-analyses. 2019; 4: 227-38.

Lou S, Taylor R, Pearce S, Kuhns M, Leary T. An ultra-sensitive Abbott
ARCHITECT((R)) assay for the detection of hepatitis B virus surface
antigen (HBsAg). ] Clin Virol. 2018; 105: 18-25.

Deguchi M, Kagita M, Yoshioka N, Tsukamoto H, Takao M, Tahara
K, et al. Evaluation of the highly sensitive chemiluminescent enzyme
immunoassay “Lumipulse HBsAg-HQ” for hepatitis B virus screening.
J Clin Lab Anal. 2018; 32: €22334.

Wedemeyer H SK, Bogomolov P, Voronkona N, Chulanov V, Stepano-
va T, et al. Interim results of a multicenter, open-label phase 2 clinical
trial (MYR203) to assess safety and efficacy of Mytcludex B in com-
bination with Peg-intetferon alpha 2a in patients with chronic HBV/
HDV co-infection. Hepatology. 2018; 68: S11A.

Han K, Cremer |, Elston R, Oliver S, Baptiste-Brown S, Chen S, et
al. A Randomized, Double-Blind, Placebo-Controlled, First-Time-in-
Human Study to Assess the Safety, Tolerability, and Pharmacokinetics
of Single and Multiple Ascending Doses of GSK3389404 in Healthy
Subjects. Clin Pharmacol Drug Dev. 2019; 8: 790-801.

Gane E LS, Lim TH, Strasser SI, Sievert W, Cheng W, et al. Short
interfering RNA JNJ-3989 combination therapy in chronic hepatitis B
shows potent reduction of all viral markers but no correlate was iden-
tified for HBsAg reduction and baseline factors. EASL International
Liver Congress, June 23-26, 2021 Abstract OS-1430. 2021.

Bazinet M, Pantea V, Placinta G, Moscalu L, Cebotarescu V, Cojuhari
L, et al. Safety and Efficacy of 48 Weeks REP 2139 or REP 2165,
Tenofovir Disoproxil, and Pegylated Interferon Alfa-2a in Patients
With Chronic HBV Infection Naive to Nucleos(t)ide Therapy. Gastro-
enterology. 2020; 158: 2180-94.

Chang ML, Liaw YF, Hadziyannis SJ. Systematic review: cessation of
long-term nucleos(t)ide analogue therapy in patients with hepatitis B e
antigen-negative chronic hepatitis B. Aliment Pharmacol Ther. 2015;
42: 243-57.

Hong X, Luckenbaugh I, Mendenhall M, Walsh R, Cabuang L, Soppe
S, et al. Characterization of Hepatitis B Precore/Core-Related Anti-
gens. J Virol. 2021; 95: ¢01695-20.

Testoni B, Lebossé F, Scholtes C, Berby F, Miaglia C, Subic M, et al.
Serum hepatitis B core-related antigen (HBcrAg) correlates with cova-

lently closed circular DNA transcriptional activity in chronic hepatitis
B patients. Journal of Hepatology. 2019; 70: 615-25.


https://www.thelancet.com/journals/langas/article/PIIS2468-1253(19)30346-2/fulltext
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(19)30346-2/fulltext
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(19)30346-2/fulltext
https://pubmed.ncbi.nlm.nih.gov/29734472/
https://pubmed.ncbi.nlm.nih.gov/29734472/
https://pubmed.ncbi.nlm.nih.gov/29734472/
https://pubmed.ncbi.nlm.nih.gov/29734472/
https://pubmed.ncbi.nlm.nih.gov/33711337/
https://pubmed.ncbi.nlm.nih.gov/33711337/
https://pubmed.ncbi.nlm.nih.gov/33711337/
https://pubmed.ncbi.nlm.nih.gov/15188170/
https://pubmed.ncbi.nlm.nih.gov/15188170/
https://pubmed.ncbi.nlm.nih.gov/15188170/
https://pubmed.ncbi.nlm.nih.gov/15188170/
https://pubmed.ncbi.nlm.nih.gov/30142426/
https://pubmed.ncbi.nlm.nih.gov/30142426/
https://pubmed.ncbi.nlm.nih.gov/30142426/
https://pubmed.ncbi.nlm.nih.gov/30142426/
https://pubmed.ncbi.nlm.nih.gov/12021368/
https://pubmed.ncbi.nlm.nih.gov/12021368/
https://pubmed.ncbi.nlm.nih.gov/12021368/
https://pubmed.ncbi.nlm.nih.gov/12021368/
https://academic.oup.com/ve/article/7/1/veaa063/5896994
https://academic.oup.com/ve/article/7/1/veaa063/5896994
https://academic.oup.com/ve/article/7/1/veaa063/5896994
https://virologyj.biomedcentral.com/articles/10.1186/s12985-020-01471-2
https://virologyj.biomedcentral.com/articles/10.1186/s12985-020-01471-2
https://virologyj.biomedcentral.com/articles/10.1186/s12985-020-01471-2
https://pubmed.ncbi.nlm.nih.gov/25914474/
https://pubmed.ncbi.nlm.nih.gov/25914474/
https://pubmed.ncbi.nlm.nih.gov/25914474/
https://pubmed.ncbi.nlm.nih.gov/33263949/
https://pubmed.ncbi.nlm.nih.gov/33263949/
https://pubmed.ncbi.nlm.nih.gov/33263949/
https://www.sciencedirect.com/science/article/pii/S0168827820336618
https://www.sciencedirect.com/science/article/pii/S0168827820336618
https://www.sciencedirect.com/science/article/pii/S0168827820336618
https://pubmed.ncbi.nlm.nih.gov/14239025/
https://pubmed.ncbi.nlm.nih.gov/14239025/
https://pubmed.ncbi.nlm.nih.gov/3683395/
https://pubmed.ncbi.nlm.nih.gov/3683395/
https://pubmed.ncbi.nlm.nih.gov/3683395/
https://pubmed.ncbi.nlm.nih.gov/23749666/#:~:text=Hepatitis B virus (HBV) is,differentiated hepatocytes of its host.
https://pubmed.ncbi.nlm.nih.gov/23749666/#:~:text=Hepatitis B virus (HBV) is,differentiated hepatocytes of its host.
https://pubmed.ncbi.nlm.nih.gov/30590481/
https://pubmed.ncbi.nlm.nih.gov/30590481/
https://pubmed.ncbi.nlm.nih.gov/30590481/
https://pubmed.ncbi.nlm.nih.gov/30590481/
https://pubmed.ncbi.nlm.nih.gov/18054753/
https://pubmed.ncbi.nlm.nih.gov/18054753/
https://pubmed.ncbi.nlm.nih.gov/18054753/
https://pubmed.ncbi.nlm.nih.gov/18054753/
https://pubmed.ncbi.nlm.nih.gov/28954926/
https://pubmed.ncbi.nlm.nih.gov/28954926/
https://pubmed.ncbi.nlm.nih.gov/28954926/
https://pubmed.ncbi.nlm.nih.gov/28954926/
https://pubmed.ncbi.nlm.nih.gov/28335554/
https://pubmed.ncbi.nlm.nih.gov/28335554/
https://pubmed.ncbi.nlm.nih.gov/31745711/
https://pubmed.ncbi.nlm.nih.gov/31745711/
https://pubmed.ncbi.nlm.nih.gov/31745711/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6541384/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6541384/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6541384/
https://pubmed.ncbi.nlm.nih.gov/29843004/
https://pubmed.ncbi.nlm.nih.gov/29843004/
https://pubmed.ncbi.nlm.nih.gov/29843004/
https://pubmed.ncbi.nlm.nih.gov/28984383/
https://pubmed.ncbi.nlm.nih.gov/28984383/
https://pubmed.ncbi.nlm.nih.gov/28984383/
https://pubmed.ncbi.nlm.nih.gov/28984383/
https://pubmed.ncbi.nlm.nih.gov/30861337/
https://pubmed.ncbi.nlm.nih.gov/30861337/
https://pubmed.ncbi.nlm.nih.gov/30861337/
https://pubmed.ncbi.nlm.nih.gov/30861337/
https://pubmed.ncbi.nlm.nih.gov/30861337/
https://ir.arrowheadpharma.com/index.php/static-files/bbdb77a7-e635-4858-84e9-71e6df0f7c43
https://ir.arrowheadpharma.com/index.php/static-files/bbdb77a7-e635-4858-84e9-71e6df0f7c43
https://ir.arrowheadpharma.com/index.php/static-files/bbdb77a7-e635-4858-84e9-71e6df0f7c43
https://ir.arrowheadpharma.com/index.php/static-files/bbdb77a7-e635-4858-84e9-71e6df0f7c43
https://ir.arrowheadpharma.com/index.php/static-files/bbdb77a7-e635-4858-84e9-71e6df0f7c43
https://pubmed.ncbi.nlm.nih.gov/32147484/
https://pubmed.ncbi.nlm.nih.gov/32147484/
https://pubmed.ncbi.nlm.nih.gov/32147484/
https://pubmed.ncbi.nlm.nih.gov/32147484/
https://pubmed.ncbi.nlm.nih.gov/32147484/
https://pubmed.ncbi.nlm.nih.gov/26151841/
https://pubmed.ncbi.nlm.nih.gov/26151841/
https://pubmed.ncbi.nlm.nih.gov/26151841/
https://pubmed.ncbi.nlm.nih.gov/26151841/
https://pubmed.ncbi.nlm.nih.gov/33148795/
https://pubmed.ncbi.nlm.nih.gov/33148795/
https://pubmed.ncbi.nlm.nih.gov/33148795/
https://pubmed.ncbi.nlm.nih.gov/30529504/
https://pubmed.ncbi.nlm.nih.gov/30529504/
https://pubmed.ncbi.nlm.nih.gov/30529504/
https://pubmed.ncbi.nlm.nih.gov/30529504/

2021, V7(5): 1-8
44. Mak LY, Wong DK, Cheung KS, Seto WK, Fung ], Yuen MFE. First-
line oral antiviral therapies showed similar efficacies in suppression of
serum HBcrAg in chronic hepatitis B patients. 2021.
45. Inoue T, Kusumoto S, lio E, Ogawa S, Suzuki T, Yagi S, et al. Clinical
efficacy of a novel, high-sensitivity HBcrAg assay in the management

of chronic hepatitis B and HBV reactivation. ] Hepatol. 2021; 75: 302-
10.

https:/ /jjgastrohepto.org/ 8


https://bmcgastroenterol.biomedcentral.com/articles/10.1186/s12876-021-01711-x
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/s12876-021-01711-x
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/s12876-021-01711-x
https://pubmed.ncbi.nlm.nih.gov/33762167/
https://pubmed.ncbi.nlm.nih.gov/33762167/
https://pubmed.ncbi.nlm.nih.gov/33762167/
https://pubmed.ncbi.nlm.nih.gov/33762167/

	_GoBack

