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Abstract

Since the discovery of the Hepatitis B Virus (HBV) by Blumberg et al. in 1965, significant progress has been made in understanding
the pathogenesis of HBV. The nucleos(t)ide analogues (NAs) have succeeded in decreasing the viral loads to undetectable levels, and
reduced the incidence of HCC significantly. However, risk of HCC persists due to the inability of eradicating the covalently closed
circular DNA (cccDNA) in the hepatocyte nucleus that causes persistent HBV infection. Recently, a number of different drug targets
are being identified that intervene on the viral replication cycle or the host immune system. In this review, we aim to discuss the

immunopathogenesis of the virus, the effectiveness of NA’s, and recent therapeutic developments.

Introduction

Since the discovery of the hepatitis B virus (HBV)
by Blumberg et al., great progress has been made in
understanding the pathogenesis of the virus and its role
in hepatocellular carcinoma (HCC). It is estimated that
hepatitis B is responsible for about 50% of the HCC cases
worldwide [1,2]. Because of geographic variations in HBV
incidence, the burden of HBV-related HCC (HBV-HCC) is
highest in endemic areas such as Asian-Pacific and sub-
Saharan Africa and lowest in the United States and the
West [3]. The hepatitis B vaccines, developed in the 1980s,
transformed the evolution of hepatitis B in the modern era.
This was followed by high effective anti-viral that reduced
HBYV infections and HBV-HCC.

The goal of HBV treatment was to decrease HBV viral
load and to ultimately prevent hepatocarcinogenesis.
The first treatment was interferon, but this injectable was
soon replaced with Lamivudine, an oral antiviral with a
more tolerable profile [4]. Lamivudine was the first of a
number of other nucleos(t)ide analogues that control viral
replication through the inhibition of reverse transcriptase

and interruption of the HBV DNA formation [5]. Currently,
tenofovir disoproxil fumarate, tenofovir alafenamide and
entecavir are the most popular antivirals due to their
potency and low risk of resistance [6].

Despite major achievements, HBV remains a major
public health issues and is responsible for over 780,000
deaths worldwide [7]. Many people are living with
chronic hepatitis B who have not receive vaccination
after instituting of universal vaccination by the World
Health Organization in 1997 [8]. Vertical transmission, an
extremely effective method for the transmission of HBV
combined with lack of adequate screening in developing
countries, continues to be a major driver for the large
disease burden. Additionally, the treatments for hepatitis
B have not shown to cure the virus. The viral therapies
help slow or prevent progression of disease, but they do
not eliminate covalently-closed-circular DNA (cccDNA)
which persists in the hepatocytes. Therefore, the current
therapies are not able to cure HBV. Multiple studies have
demonstrated a persistent risk for HCC even with the use
of antivirals and successful viral suppression for a number
of years [9-14].
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Decreased Incidence of HCC Treated with
Antiviral Therapy

It is currently known that nucleos(t)ide analogues
decrease the incidence of HCC and prevent the recurrence
of HCC [15]. The discovery of the first oral antiviral,
Lamivudine, was the result of persistent efforts aimed at
treating HIV in the 1980s. It was shown to decrease hepatic
decompensation, progression to cirrhosis, and the risk of
developing HCC. Liaw et al. demonstrated that patients
treated with lamivudine compared to controls had a lower
Child—Pugh scores (hazard ratio, 0.45; P=0.02) and fewer
cases of HCC (hazard ratio, 0.49; P=0.047) after a median
duration of 32.4 months [16]. Similar findings were shown
with the newer antivirals, entecavir and tenofovir disoproxil
fumarate. In one study, Hosaka et al., demonstrated that
HCC suppression was greater in an entecavir-treated group
compared to a no-treatment group with incidence rates of
3.7% and 13.7%, respectively, after 5 years of treatment
(P<0.002) [17]. Kim et al. Showed a decreased incidence

of HCC with tenofovir disoproxil fumarate compared the
incidence predicted by the “REACH-B risk calculator” [18].

Development of New HCC on Antiviral
Therapy

Although the incidence of HCC with antiviral therapy has
decreased, HBV positive individuals are still at risk for the
development of HCC despite adequate viral suppression.
Cases of HBV-HCC are usually reported to occur within
5 years of starting antiviral therapy [9,10], but data on
the long-term risk of HCC on antiviral therapy is lacking
[19]. However, recent observations at the Liver Disease
Prevention Center, Division of Gastroenterology and
Hepatology at Thomas Jefferson University Hospital
have demonstrated that HBV positive individuals may
develop HCC even after 10 or more years of successful viral
suppression [13,14]. In table 1, we have included a new and
more comprehensive list of patients on antiviral therapy
for HBV (treated for 9-19 years) that later developed HCC.

Pt Date Date HCC Z;:i?II;BV Yrs with igﬁ(cyé) Tumor size II)IIIETX at Anti-HBV
StartTx Dx Tx at HBV DNAC(-) Dx (cm) HCC Dx Tx
HCC Dx

1 4/1998 7/2007 9 3 53 1.1 Junction | UD LAM + TDF
2 1/1998 3/2008 10 8 68 2.8 Rt UD LAM + TDF
3 5/1998 2/2008 10 7 76 1.8 Lt UD LAM + TDF
4 7/2001 9/2010 9 4 54 2.8 Rt UD LAM + TDF
5 8/2004 11/2010 16 4 53 3.9 Rt UD LAM + TDF
6 7/2001 1/2011 10 5 55 2.8 Rt UD LAM + TDF
7 2/2004 6/2013 9 8 57 2.5 Lt med UD TDF

8 2/1996 7/2013 17 10 73 1.6 Rt UD TDF

9 8/1997 6/2014 17 6 54 2.2 Ltlat UD ETV

10 3/2004 6/2013 9 57 2.5 Lt UD TDF

11 7/2001 6/2014 13 54 2.2 Lt UD TDF

12 5/1996 10/2014 18 10 74 3.4 Rt UD LAM + TDF
13 2/2000 10/2014 14 12 62 3.8 Rt UD ETV + TDF
14 2/2000 4/2015 15 12 62 3.4 Rt UuD TDF

15 2/2000 5/2015 15 12 65 3.8 Rt UuD TDF

16 12/1998 | 8/2017 19 8 64 2.0 Rt UD LAM + TDF
17 2/2008 6/2019 11 10 57 2.2 Rt UD ETV + TDF
ETV: Entecavir, LAM: Lamivudine, Lt: Left, Pt: Patient, Rt: Right, TDF: Tenofovir Disoproxil Fumarate, Tx:
Treatment, UD: Undetectable

Table 1: Development of HCC in patients with cirrhosis on long-term antiviral therapy.
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Development of Subsequent New and
Recurrent HCC

Patients who undergo resection or ablation of the initial
HCC still have a risk for the development of recurrent HCC.
Studies have reported different outcomes in the incidence
ofrecurrence and survival after tumor resection followed by
antiviral therapy maintenance. In two randomized control
trials, Huang et al. demonstrated that antiviral therapy
reduces the risk of late HCC recurrence (> 2 years) post
hepatectomy in HBV-related HCC patients with both high
[20] and low [21] preoperative serum HBV-DNA levels.
It has been postulated that early recurrence is associated
with oncogenic properties of the tumor and late recurrence
is related to the underlying HBV replication. Antivirals can
limit chronic inflammation that occur in the late recurrence
phase and prevent development of a second primary tumor
[22]. Kuzuya et al. demonstrated that recurrence rates of
HCC were not different in those treated with lamivudine
vs. the no treatment group in patients who had undergone
hepatic resection or radiofrequency ablation [23].

At our center we have observed the case of six patients
who achieved successful HBV suppression for 5-11 years
with antivirals after undergoing curative therapy for
HCC but yet developed subsequent new or recurrent
HCC (Figure 1). Not much is known about the efficacy of
antivirals against HCC recurrence and further studies with
longer follow-up periods are necessary to fully understand
their role in preventing recurrence.

Need for HBV Cure

Chronic HBV infection is maintained by cccDNA
accumulation in the hepatocyte nucleus. With this

intracellular replication intermediate, HBV continues
to carry the potential of carcinogenesis. Unfortunately,
current antiviral therapies are not able to eliminate
cccDNA. Given our understanding of recurrent HCC
despite the use of antivirals, it is crucial to find alternative
mechanisms for targeting HBV clearance. There are
several steps in the HBV replication cycle that have been
identified as targets for new drugs. These new therapeutics
are currently in different stages of clinical trials.

HBV Replication and New

Therapeutics for HBV

Cycle

HBV is an enveloped, partially double-stranded relaxed
circular DNA (rcDNA) with a genome of about 3200 base
pairs in length. The virus enters hepatocytes via a cell
surface receptor, sodium taurocholate cotransporting
polypeptide (NCTP) [24]. Once in the cell, the virus delivers
the nucleocapsid to a nuclear-pore complex and releases
the rcDNA into the nucleus. The rcDNA is then converted
to cccDNA which remains in the nucleus of the infected
hepatocyte and is used as a template for the transcription
of four viral mRNA intermediates. The largest of these
intermediates, pregenomic RNA (pgRNA), undergoes
reverse transcription and is used as a template for the new
copies of rcDNA, the capsid core protein and the viral RNA-
dependent-DNA-polymerase. These components assemble
together to form the DNA- containing nucleocapsids.
It then gets coated with envelope proteins before being
released from the hepatocyte.

A number of therapeutics targeting different stages of the
replication cycle are currently under investigation. Each
drug targets a specific point of the viral replication cycle
or acts indirectly on the host immune functions. Targets
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Figure 1: Graph of 6 patients demonstrating long duration time between initial and subsequent HCC diagnoses.
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can interfere with replication through the following
mechanisms: 1) inhibition of viral entry, 2) blocking
rcDNA entry into the hepatic nucleus, 3) prevention of
cccDNA formation, 4) prevention of mRNA transcription,
5) inhibition of capsid formation, 6) inhibition of reverse
transcription and 7) inhibition of HBV release into
circulation [25] (Figure 2).

Entry inhibitors consist of a category of drugs such as
Bulevirtide (formally known as Myrcludex B) that block
HBV entry into the hepatocyte by targeting the sodium
taurocholate cotransporting polypeptide (NTCP) receptor
[26]. Other therapeutics under investigation work through
RNA interference and gene silencing. Small interfering
RNA’s exhibit their effect by binding and interfering with
mRNAs transcripts. These mRNA intermediates can be
used to reduce the expression of expression of viral proteins
(HBsAg and HBeAg) [27]. Capsid inhibitors disrupt the
HBYV lifecycle by the destabilization of the nucleocapsid,

production of defective capsids or production of capsid that
lack genetic material [28]. Interestingly, Capsid inhibitors
are the only drugs that have been shown to reduce levels
cccDNA. A recent phase 2 study that was mentioned in an
earlier paper [29] demonstrated that ABI-Ho731, a core
inhibitor, not only interfered with viral capsid formation
and entry of rcDNA into the nucleus, but also decreased
the levels of pgRNA [30]. In the study, the combination
of the ABI-Ho731 and Entecavir demonstrated greater
reductions of viral DNA load and pgRNA levels by week
24 in treatment naive, HBeAg+, individuals compared to
entecavir alone(p=0.0452). After switching patient from
entecavir to the combination of both, they saw immediate
decline in HBV DNA and pgRNA levels (Figure 3) [30]. By
week 48, the mean HBV DNA and pgRNA levels declined
6.3 logs and 3.0 logs from baseline, respectively. This
decline was thought to be attributed to the reduction of
cccDNA, the only source of pgRNA.
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Figure 2: Hepatitis B Replication Cycle and Potential Drug targets [25].
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Figure 3: Study 202 and 211 results of Entecavir alone, Entecavir+ABI-H0731 (Core Protein Inhibitor), and switch
from entecavir to combo on HBV DNA levels and pgRNA levels [30].

Conclusion

Currently there is no curative treatment for HBV, despite
the use of our current antivirals that reduce viral loads to
undetectable levels. The ultimate goal of the new therapies
will be to eradicate cccDNA from hepatocytes and to
prevent hepatocarcinogenesis. The cure for the virus
will likely rely on the combination of multiple therapies,
targeting different aspects of the replication cycle. With
the recent advances in drug therapy, a complete cure for
HBYV may be on the horizon.
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