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Abstract

Hepatitis D virus (HDV) infection leads to the most severe form of chronic viral
hepatitis and requires the attention of a liver specialist. In this review, | will
recapitulate recent advances in the management of HDV, present background
information on HDV infection as well as current chronic hepatitis D treatment,
briefly examine the HDV life cycle and discuss new management strategies.

Open Peer Review

Referee Status: +" +'

Invited Referees

1 2
version 1 v v
published
30 Aug 2017

F1000 Faculty Reviews are commissioned
from members of the prestigious F1000
Faculty. In order to make these reviews as
comprehensive and accessible as possible,
peer review takes place before publication; the
referees are listed below, but their reports are

not formally published.

1 C Thomas Bock, Robert Koch Institute,
Germany

o Piero Luigi Almasio, University of

Palermo, ltaly

Discuss this article

Comments (0)

Page 1 of 10


http://f1000research.com/collections/f1000-faculty-reviews/about-this-collection
http://f1000.com/prime/thefaculty
http://f1000.com/prime/thefaculty
https://f1000research.com/articles/6-1596/v1
https://orcid.org/0000-0002-5419-7158
https://f1000research.com/articles/6-1596/v1
http://dx.doi.org/10.12688/f1000research.11796.1
http://dx.doi.org/10.12688/f1000research.11796.1
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.11796.1&domain=pdf&date_stamp=2017-08-30

FIOOOResearch F1000Research 2017, 6(F1000 Faculty Rev):1596 Last updated: 30 AUG 2017

Corresponding author: Cihan Yurdaydin (cihan.yurdaydin@medicine.ankara.edu.tr)
Author roles: Yurdaydin C: Conceptualization, Methodology, Resources, Writing — Original Draft Preparation, Writing — Review & Editing

Competing interests: The author has received consultancy and/or lecture fees from AbbVie, BMS, Gilead, Roche, Merck, Janssen, and Novartis,
and has received grants from BMS, Roche and Eiger Biopharma over the years.

How to cite this article: Yurdaydin C. Recent advances in managing hepatitis D [version 1; referees: 2 approved] F1000Research 2017, 6
(F1000 Faculty Rev):1596 (doi: 10.12688/f1000research.11796.1)

Copyright: © 2017 Yurdaydin C. This is an open access article distributed under the terms of the Creative Commons Attribution Licence, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Grant information: The author(s) declared that no grants were involved in supporting this work.
First published: 30 Aug 2017, 6(F1000 Faculty Rev):1596 (doi: 10.12688/f1000research.11796.1)

Page 2 of 10


http://dx.doi.org/10.12688/f1000research.11796.1
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.12688/f1000research.11796.1

Introduction

Hepatitis D virus (HDV) infection leads to the most severe form
of chronic viral hepatitis and needs attention from a liver specialist
in this context. Since its discovery in the 1970s by Mario Rizzetto
and co-workers', it is well known that it cannot lead to liver
disease on its own but needs the helper function of the hepatitis
B virus (HBV). Only as a dual infection with HBV can HDV
cause liver disease in humans. The helper function needed by HDV
from HBYV is hepatitis B surface antigen (HBsAg) synthesis. HDV
needs HBsAg for virion assembly when the HDV nucleoprotein
complex, formed in the nucleus and secreted into the cytoplasm,
is covered by HBsAg to complete virion morphogenesis. The
HBsAg envelop of the HDV virion is critical for cellular attachment
and for the propagation of HDV to other hepatocytes™’.

The aim of this review is to recapitulate recent advances in the
management of HDV. For this, some background information for
HDV infection in men, including current treatment of chronic
hepatitis D (CHD), will be provided. New management strategies
will be preceded by a short debrief of the HDV life cycle.

HDV disease in humans

HDV leads to liver disease in humans either as co-infection with
HBYV or as superinfection of a chronic HBsAg carrier with HDV.
The consequence of the former scenario is acute HDV infec-
tion. Acute HDV hepatitis may be associated with a biphasic
clinical presentation, possibly related to sequential expression of
the two viruses, observed both in early chimpanzee studies* and
prospectively in intravenous drug addicts in men’. Otherwise,
acute HDV infection cannot be differentiated from other acute
hepatotropic viral infections on clinical grounds. However, HDV
infection may more often be associated with a severe course,
and frequent occurrence of fulminant delta hepatitis has been
reported both in the US and in Europe®’. However, in recent years,
fulminant delta hepatitis is less frequently encountered®, which
may be linked to the slower turnover of HDV in the community”’.
The chronicity rate of HBV-HDV co-infection in adults appears
to be no different than the chronicity development rate after acute
hepatitis B mono-infection'’.

CHD is associated with the most severe form of hepatotropic-
induced viral hepatitis'"-'>. However, the severity of the course
of CHD may be dependent on host and viral factors, as CHD is
an immune-mediated disease'’. Among viral factors, both HDV
and HBV genotypes matter. Genotype II HDV seen in the Far
East is associated with a milder form of chronic hepatitis
compared to genotype I, which has a worldwide distribution'*".
Genotype III HDV is observed in the Amazon region of South
America and is associated with a particular severe clinical
presentation'. Genotype IV, reported formerly as genotype IIb,
has been seen both in the Far East (Japan and Taiwan) and in
Africa'""”. Genotypes V to VIII are seen exclusively in
Africa'™”. African CHD may be associated with a mild form of
the disease and may respond better to interferon (IFN) treatment,
as has been reported very recently”'.

In addition to HDV genotypes, HBV genotypes may also contribute
to the clinical presentation of CHD. In a study from Brazil, HDV
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viral load was reported to be lower in genotype A compared to
genotype D or F patients™. In a study from Taiwan, HBV geno-
type C was linked to more severe disease compared to genotype
B. Multivariate analysis identified age, HBV genotype C, and
HDV genotype I as independent factors for poor outcomes'*.

Delta hepatitis has received the designation of orphan disease
both in the US and in the European Union. This emphasizes that in
both geographical regions, HDV infection is infrequently encoun-
tered. In such circumstances, it is not easy to follow expert advice
to test every HBsAg carrier for HDV, which involves testing a
cheap serological marker. However, forgetting to test may have
dreadful consequences for patients. This is highlighted in a
recent study from the US where, out of 1,191 chronic hepatitis
B (CHB) patients, only 499 had been tested for anti HDV. Out of
these 499 patients, 42 (8%) were anti HDV positive and among
HDV co-infected patients 70% had cirrhosis”. Therefore, in non-
endemic areas, special attention to high-risk patients for acquir-
ing HDV is needed. These are mainly intravenous drug users and
immigrants from HDV-endemic countries, which may rep-
resent 55 to 95% of the total HDV population in Western
European countries including Germany, Italy, Spain, Swe-
den, France, and England”~'. Endemic countries or regions for
HDV include Mongolia, Pakistan, sub-Saharan Africa, Turkey,
Romania, Albania, former Soviet republics, and the Amazon
region in the northern part of South America™.

Current management of CHD

The management of CHD has not changed in over 30 years and
consists of treatment with IFNs. The only modification in therapy
is the switch from conventional to pegylated IFN (peg-IFN), which
probably has not led to better viral response rates but merely
has the comfort for patients of once-weekly dosing compared
to the thrice-weekly schedule of conventional IFNs, thanks to
the more suitable pharmacodynamic properties of peg-IFNs.
Peg-IFN alpha 2a should be administered as subcutaneous
injections at a dose of 180 ug once weekly and peg-IFN alpha
2b at a dose of 1.5 pg/kg, similar to the dosing schedule used
before the era of directing acting antiviral in hepatitis C infec-
tion. The optimal duration of treatment is not known, but treat-
ment for 1 year is the most-studied and -used treatment duration™.
Combination treatment of peg-IFN with lamivudine*”,
ribavirin®>’, adefovir’, and tenofovir’” was explored but
was disappointing, as it did not lead to better viral response
rates compared to IFN monotherapy. The only exception was
peg-IFN-adefovir combination therapy, which was also not associ-
ated with higher viral response rates compared to peg-IFN mono-
therapy but interestingly the decline of quantitative HBsAg levels
was more pronounced compared to peg-IFN monotherapy™*.
It was hoped that a similar effect on HBsAg levels would also be
seen in the HIDIT-2 study, which compared peg-IFN-tenofovir
combination with peg-IFN alone, but no such effect was
observed”.

Treatment with nucleoside/nucleotide analogs (NAs), currently
the treatment of choice for CHB, was ineffective in CHD where
NAs were tested for a period of 6-12 months”**. This can be attrib-
uted to the inefficacy of NAs on HBsAg levels, as production of
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HBsAg represents the only HBV function needed by HDV. In
contrast, a median 6 years of tenofovir treatment was effective in
HIV-HDV co-infected patients”’. The exact mechanism of effi-
cacy of tenofovir in HIV-HDV co-infected patients is not clear but
needs explanation. Longer duration of NA treatment may lead to
decreased recycling of HBV DNA to the nucleus, thus decreasing
the HBV covalently closed circular DNA (HBV ccc DNA) pool
with consequent decreases in HBsAg levels*'. However, another
explanation could be that the observed beneficial effect may have
been a result of immune re-constitution secondary to effective
antiretroviral therapy*. Further studies would be helpful. One such
study has to deal with prolonged NA treatment in CHD without
HIV infection. Since prolonged NA treatment has been reported to
lead to a decrease in quantitative HBsAg levels®, this deserves to
be explored.

The HDV life cycle

HDV enters the hepatocyte after attachment of the HDV virion to
the hepatocyte. Entry into the hepatocyte is similar to the entry
of HBV, as both HBV and HDV cellular attachment is depend-
ent on various common structures within the HBsAg where the
pre-S1 domain of the L protein plays a key role*. First, heparan
sulfate proteoglycans on the hepatocyte membrane are approached
by the HDV virion** followed by attachment to the entry recep-
tor sodium taurocholate co-transporting polypeptide (NTCP)*’. At
this stage, the integrity of the amino acids in the pre-S1 region is
crucial. Once inside the hepatocyte, HDV is uncoated and the
ribonucleoprotein complex is directed to the nucleus where HDV
replication occurs through a double rolling circle mechanism*.
Importantly, RNA polymerase needed during replication is a
host enzyme, making it an unsuitable target for drug interven-
tion, contrary to the hepatitis B or C viruses, which use their own
polymerase product™”. HDV RNA encodes for one protein, the
small hepatitis D antigen (S-HDAg), which promotes HDV RNA
replication. Another protein, large HDAg (L-HDAg), is synthe-
sized as a result of an editing event, catalyzed by the host enzyme
adenosine deaminase acting on double-stranded RNA (ADARI1)*.
L-HDAg inhibits HDV RNA replication but is crucial for virion
assembly'”. The newly formed ribonucleoprotein complex is
exported to the cytoplasm and is coated with the HBV envelop
covering the L-, M-, and S-domains of HBsAg. The nucleoprotein
complex HBsAg bond is possible through a cysteine-containing
4-amino-acid motif at the L-HDAg, which serves as a substrate
for prenyltransferases. There are two prenyltransferases, farnesyl-
transferase and geranylgeranyltransferase. Of these two enzymes,
farnesyltransferase is used by HDV. Through the latter enzyme,
a 15-carbon farnesyl moiety is attached to the large delta
antigen®. The HBsAg cover of the ribonucleoprotein complex is a
prerequisite for successful completion of virion morphogenesis in
HDV-™". The new virion then exits the cell either via multivesicular
bodies or by utilizing the subviral particle secretion pathway via
the Golgi*.

Management of CHD with drugs to come

In the last 5 years, new drugs have been explored for the manage-
ment of CHD. These drugs tailor various steps in the life cycle of
HDV. However, as a general comment, it is clear that any manage-
ment strategy leading to a functional or complete cure in HBV?!
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would be beneficial in CHD as well. After all, the ideal surrogate
marker for effective treatment is HBsAg clearance, and the reason
we use quantitative HDV RNA testing as a surrogate in daily prac-
tice and not HBsAg clearance is that the latter is so rarely achieved.
However, patients who have a lasting virologic response to
treatment have a high chance of clearing HBsAg on long-term
follow-up. In a study from our own institution, we were able to
show that 37% of patients with virologic response to conventional
or peg-IFN lost HBsAg during a median follow-up of 5 years™.

New compounds currently explored with relevance to the manage-
ment of CHD are depicted in Table 1. The main drivers among
new compounds are hepatocyte entry inhibitors, farnesyltrans-
ferase inhibitors, and nucleic acid polymers (NAPs), which
will be discussed below in more detail.

Hepatocyte entry inhibitors

Myrcludex B, a myristoylated lipopeptide comprising 47 amino
acids of the pre-S1-domain of the HBV L-surface protein, repre-
sents the first hepatocyte entry inhibitor. As pointed out earlier,
myristoylation of glycine in the pre-S1-domain and 77 amino
acids in the pre-S1-domain appears to be important for cellular
attachment™*. Myrcludex B was tested both in intravenous and in
subcutaneous formulations (Table 2)**. A transient, asymptomatic,
serum lipase elevation was observed in 5 out of 36 healthy volun-
teers. Conjugated bile acids increased without clinical consequences.
It needs to be mentioned that bile acids have been implicated in
cardiac arrhythmias™. In addition, mild alterations of hematologi-
cal parameters have been reported, but overall the administration of
Myrcludex B was reported to be well tolerated (Table 3)**°. The
subcutaneous route displayed 85% bioavailability’’. In the proof-
of-concept study, 24 patients received either 48 weeks of peg-IFN
monotherapy or 24 weeks of 2 mg/kg subcutaneous Myrcludex
B daily for 6 months (after that, patients received 48 weeks of
peg-IFN monotherapy) or 6 months of Myrcludex B plus peg-
IFN followed by 6 months of peg-IFN. Myrcludex B led to
a>1 log  reduction in HDV RNA in 6 out of 7 patients at the end
of 24 weeks’ treatment’®. One patient became HDV RNA nega-
tive on monotherapy with Myrcludex B. Combination of Myrclu-
dex B with peg-IFN was more effective, and 5 out of 7 patients
became HDV RNA negative. The delta decline in HDV RNA was
1.67, 2.17, and 2.59 log  with Myrcludex B, peg-IFN monothera-
pies, and their combination, respectively. HDV RNA negativity
with combination treatment in 5 out of 7 patients after 6 months
of treatment is promising, and a synergistic effect for combina-
tion treatment has been suggested®. The primary endpoint of
the study, a decrease in HBsAg levels of 0.5 IU/mL at any time

Table 1. New treatments in chronic hepatitis D.

Hepatocyte entry inhibitors
Farnesyltransferase inhibitors
Nucleic acid polymers

Small interfering RNAs

Immunological approaches: Toll-like receptor agonists,
checkpoint inhibitors, hepatitis B virus vaccines

Page 4 of 10



F1000Research 2017, 6(F1000 Faculty Rev):1596 Last updated: 30 AUG 2017

Table 2. Characteristics of novel drug treatment for chronic hepatitis D.

Drug Mode of action Administration route Phase
of study
Myrcludex B Interferes with hepatitis D virus entry into hepatocyte =~ Subcutaneous, daily for 6 months, Ib, lla
through sodium taurocholate co-transporting + pegylated interferon (peg-IFN)
polypeptide inhibition
Lonafarnib Farnesyltransferase inhibitor, inhibits virion assembly  Oral, 2 to 12 months, = ritonavir Il
+ peg-IFN
Rep-2139-Ca  Nucleic acid polymer, binds with high affinity to Intravenous infusion, once weekly |l

amphipathic proteins, which are required at various

stages of the viral life cycle

for 4-6 months + peg-IFN

Table 3. Side effects of the hepatocyte entry inhibitor myrcludex B, the farnesyltransferase inhibitor

lonafarnib, and nucleic acid polymers.

Myrcludex B

e Lipase and amylase elevation in phase | but not in phase Il study
e FElevation of taurine- and glycine-conjugated bile acids without apparent clinical consequences
e Thrombocytopenia, neutropenia, lymphopenia, and eosinophilia: generally mild, transient

Lonafarnib

e Gastrointestinal toxicity (anorexia, nausea with or without vomiting, diarrhea, weight loss): dose dependent
and in lower dose cohorts generally mild and well tolerated

Nucleic acid polymers

e Hair loss, dysphagia, anorexia, dysgeusia, in hepatitis B study: related to heavy metal exposure at the trial

site?

e Administration route-related side effects: peripheral grade 1 hyperemia, fever, chills, and headache

during the study”, was not reached, however. Further studies with
Myrcludex B with different dosing and treatment duration regimens
are to be expected, and such a study is already ongoing.

Myrcludex B is a promising new drug for both hepatitis B and D.
That new treatment is a much urgent need in CHD does not need
further explanation. The following issues remain to be resolved:
(i) optimal dose and duration for use in human CHD needs to
be established; (ii) superiority of combination treatment of
Myrcludex B with peg-IFN over peg-IFN monotherapy needs
to be convincingly shown; (iv) safety appears to be of less concern,
but the effect on bile acids has to be explored in a larger patient
group; (v) efforts for replacing a daily subcutaneous formulation
with an oral formulation should be seriously considered — this
would enable long-term use.

Farnesyltransferase inhibitors

Prenylation of large hepatitis delta antigen is required for HDV
virion assembly. Farnesyltransferase inhibitors are specific for
HDV?’, and preclinical studies revealed that they abolished
HDV-like particle production in vitro’* and in vivo™. In the proof-
of-concept study, the farnesyltransferase inhibitor lonafarnib
(LNF) was tested for a duration of 28 days in 14 CHD patients.
A dose-dependent reduction of HDV RNA was observed”’. LNF
serum concentrations correlated with HDV RNA change. Some

characteristics of LNF are provided in Table 2. This study was
followed by ongoing studies from the University of Ankara Medi-
cal School, Hannover Medical School, and National Institutes of
Health (NIH) in Turkey, Germany, and the US, respectively. Three
different approaches have been explored in these sites. In Ankara,
optimal dosing in combination with ritonavir (RTN) with or
without peg-IFN was explored. In Hannover, a dose-escalating
study for LNF in combination with RTN was conducted, and at the
NIH, once-daily dosing of LNF with RTN was explored. In Ankara,
first in the LOW-R1 (LNF with and without RTN) study, LNF was
tested at the higher doses of 200 and 300 mg, bid, and in combina-
tion with peg-IFN or RTN®'. Boosting with RTN increased serum
concentrations of LNF 4- to 5-fold. The combinations of LNF-RTN
and LNF-peg-IFN led to serum HDV RNA declines of more than
3 logs,, IU/mL from baseline after 8 weeks of treatment'. Studies
on the optimal combination treatment regimen with LNF and RTN
and triple therapy with LNF, RTN, and peg-IFN have been tested
for different durations in the LOW-R2 study. In this latter study,
the triple combination treatment consisting of 25 mg LNF bid with
RTN 100 mg bid and peg-IFN appeared to combine best efficacy
with tolerability®. Three out of 5 patients were HDV RNA nega-
tive after 24 weeks of treatment. LNF at 25 or 50 mg bid dosing
with RTN was as effective as all oral combination treatment. Five
out of 14 (36%) patients had HDV RNA levels below the limit of
quantification at 24 weeks of treatment. Combination of LNF at
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doses of 75 mg bid and higher as dual or triple therapy was not tol-
erated because of side effects and also did not lead to better antiviral
efficacy®. In the dose-escalation study in Hannover, patients started
with a LNF/RTN dose of 50 mg/100 mg bid and the LNF dose
was increased first to 75 mg and then to 100 mg bid at roughly
4-week intervals when patients tolerated the administered doses.
Dose was not further increased after reaching LNF/RTN (100 mg/
100 mg bid). Escalation to this ultimate dose was possible in 10 out
of 15 patients. One patient became HDV RNA negative at the end
of treatment and another had HDV RNA levels below the quan-
tification level®. Overall, it appears that off-treatment virologic
response is lacking in the majority of patients in these studies. An
LNF-RTN once-daily dosing combination regimen for 24 weeks
was tested in a double-blind approach at the NIH®. Three regi-
mens were tested: LNF 50/75/100 mg qd with RTN 100 mg qd.
After 24 weeks of treatment, 6 out of 21 patients had HDV RNA
levels below 250 IU/mL. Interestingly, the low-dose group
appeared to have better antiviral efficacy compared to higher doses.
ALT normalized in all of these studies with LNF in 47 to 75% of
patients. LNF is associated with dose-limiting side effects, mainly
related to gastrointestinal toxicity. These side effects comprise
anorexia, nausea, diarrhea, and weight loss (Table 3). Finally, in
the LOW-R2 study, 5 out of 27 patients receiving treatment with
LNF-based regimens for 12 to 24 weeks experienced a
post-treatment ALT flare, which led to HDV RNA suppression to
levels below the level of quantification or to undetectable levels®.

These studies performed in the US, Germany, and Turkey have
provided substantial data regarding optimal dosing and duration
and the optimal combination treatments as well as safety. A larger
study using low-dose LNF in combination with RTN with or
without peg-IFN now needs to be conducted. The above-mentioned
studies have confirmed previous data in oncology patients that
LNF is associated with dose-limiting gastrointestinal adverse
events. Hence, based on the data mentioned above, when combined
with RTN, an LNF dose exceeding 50 mg bid should probably
not be considered. Strategies for efficacy off-treatment need to be
further explored. Along this line, the superiority of LNF and RTN
in combination with peg-IFN over peg-IFN monotherapy has to be
explored in a very well-designed study. The notion that patients
treated with LNF-RTN as all oral combination may have sustained
viral efficacy also has to be explored. Finally, the possibility of
inducing a post-treatment beneficial immunological flare has to
be investigated in a patient cohort with compensated and less-
advanced liver disease.

Nucleic acid polymers

NAPs are sequence-independent phosphorothioated oligonucle-
otides. Their mechanism of action is not clear. They may affect
virus secretion from hepatocytes, although earlier steps of the
viral cycle may also be targeted by NAPs. They bind with high
affinity to amphipathic protein structures. In preclinical studies
in duck HBV infection, the NAP REP9-AC was effective both
in vitro®® and in vivo"'. The first phase I/Il study in humans was
performed in Bangladesh. Seven out of 8§ HBeAg-positive CHB
patients receiving REP-2055 were reported to have 2 to 7 log
reductions in HBsAg and 3 of them to have cleared HBsAg. All
7 patients had developed anti-HBsAg titers. Serum HBV DNA
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decreased by 3 to 7 logs after 20 to 27 weeks of treatment®.
Three patients who met protocol defined early termination crite-
ria (e.g. HBsAg loss or HBeAg loss) discontinued treatment at
weeks 20 to 27. On long-term off-treatment, only 1 patient had
viral and serologic rebound, whereas the other 2 patients continued
to be HBV DNA and HBsAg negative. However, REP-2055 intra-
venous infusion was associated with fever, chills, and headache.
REP 2139-Ca, reported to be more stable, was given once-weekly
by intravenous infusion to 12 HBeAg-positive CHB patients.
Nine responder patients (decrease in HBsAg and HBV DNA by
2 logs) received add-on peg-IFN or thymosin after week 20.
During monotherapy, 9 patients had an HBsAg drop of 2 to 7
logs, with 3 becoming HBsAg negative. Similar declines were
observed in serum HBV DNA levels. However, off-treatment viral
rebound occurred in 7 out of 9 patients within 3 to 24 months®.
REP-2139-Mg and REP-2165-Mg, a 2139 derivative with report-
edly improved tissue clearance, is being tested in combination
with peg-IFN and tenofovir in 20 HBeAg-negative CHB patients
pre-treated with a 6-month course of tenofovir alone. Initial data
suggest similar declines in HBsAg levels”. All of these studies have
relevance to CHD, since HBsAg appears to be selectively targeted.
In the only study in CHD with NAPs, REP-2139-Ca was given
once weekly with add-on peg-IFN starting at week 15 for another
15 weeks in 12 CHD patients’. Peg-IFN alone was then contin-
ued as monotherapy for another 33 weeks. Nine patients displayed
declines of >3 logs in HBsAg levels. Post-treatment results were
presented at the EASL meeting this year. Five out of 12 patients
continued to be HBsAg negative 1 year off-treatment’'. Besides
administration route-related side effects such as fever, chills,
and peripheral hyperemia, other reported side effects include
anorexia, hair loss, dysphagia, and dysgeusia, which were attrib-
uted by the investigators as being secondary to heavy metal expo-
sure at the trial site (Table 3). Large randomized controlled trials
are now awaited where the efficacy and durability of treatment
response can be assessed as monotherapy as well as combination
treatment.

NAPs led to the most dramatic response rates in terms of
HBsAg declines in both CHB and CHD patients after treatment
durations not exceeding 6 months in most cases. HBsAg declines
in CHD patients were associated with substantial HDV RNA
declines. They reported on- and off-treatment HBsAg clearance
with development of antibody to HBsAg in a subset of patients.
However, their spectacular results also raised some concerns,
not confined to some unusual adverse events such as dysphagia.
Deficiencies of pilot studies may be inevitable and understandable.
They need to be addressed in better-prepared and -conducted
larger studies with clear stopping rules where monotherapy with
the selected NAP is compared to NAP-peg-IFN combination
treatment as an example. The route of administration of NAPs
(intravenous infusion) also appears to be a hurdle for this treatment
approach.

Additional treatment approaches

An exciting concept is the use of small interfering RNAs (siRNAs).
ARC-520, a siRNA designed to reduce all HBV transcripts via
RNA interference, dose-dependently decreased HBsAg levels after
one single injection in HBeAg-negative CHB patients in a phase
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Ia clinical trial”>. A multi-dose extension study (up to 12 doses
once-monthly) of the same compound has been conducted. With
multiple dosing, additional decline of HBsAg levels was observed,
more so in HBeAg-positive than in HBeAg-negative patients’.
It was reported that ARC-520 was well tolerated, but the study
was put on hold owing to toxicity problems related to the carrier
molecule.

Immune system-targeted approaches

Such approaches may have regained interest in CHB, but a
breakthrough clinical success is still awaited. Therapeutic
vaccination strategies have not been successful so far. New
approaches include DNA vaccines’, anti-HB immune
complexes”, and the use of immunologically active adjuvants such
as beta-glucosylceramide’®. Toll-like receptors (TLRs) as induc-
ers of type 1 IFN responses have always raised interest. Several
preclinical studies confirmed their key role in the induction of the
innate immune system’’. The oral TLR-7 agonist GS-9620 was
well tolerated and led to the induction of peripheral ISG1S5 pro-
duction in CHB patients’™. No effect on HBV DNA was observed,
which may be attributable to short treatment duration.

Drugs targeting programmed death protein 1 (PD1) and its ligand
(PD-L1) are receiving attention in both cancer immunotherapy
and chronic viral hepatitis. Immune checkpoints are exploited by
viral pathogens, as shown by T-cell exhaustion in these condi-
tions. Blocking PD1 appears to be a rational goal to activate the
HBV-specific T-cell response. In a phase Ib clinical study, the
immune checkpoint inhibitor nivolumab was well tolerated and was
associated with a significant decline in HBsAg levels after a single
dose of nivolumab’. Hepatotoxicity and off-target immune acti-
vation are concerns. The future of immune therapy may be using
combination immune therapy such as a PD1 blocker with DNA
immunization and NA treatment. Such an approach may deserve
serious consideration®’.

siRNAs and various immunological treatment approaches repre-
sent scientifically sound treatment vehicles. They are based on a
solid scientific background. We know, for example, from hepati-
tis B that off-treatment viral clearance necessitates tight immune
control, hence an immune-based approach in controlling CHD
makes sense. However, data showing viral efficacy are needed. The
lack of success so far points to the complexity of the immunological
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process. Maybe better surrogate markers of immunological activity
are needed beforehand. Similarly, siRNAs deserve attention, as with
one formulation several siRNAs targeting different pre-genomic
RNAs can be used. However, for both the immunological and the
oligonucleotide approach, time is needed for further development
of these approaches.

Conclusion

CHD represents the only hepatotropic viral infection where new
drugs have not entered clinical practice despite being the most
severe form of chronic viral hepatitis. Current treatment with IFNs
is unsatisfactory. Hence, new treatment strategies are urgently
required. Hepatocyte entry inhibitors, prenylation inhibitors, and
NAPs represent a glimmer of hope for patients suffering from
CHD. It may be said that none of the new approaches are compara-
ble in efficacy and safety to new drug treatments such as entecavir
or tenofovir in hepatitis B and several very effective direct-acting
antivirals in hepatitis C. However, their first-generation counter-
parts also had several deficiencies. From the practicing clinician’s
and patient’s point of view, despite their shortcomings, these new
treatment approaches for CHD have to be developed fast, since at
the current stage treatment with IFNs is effective in only a small
proportion of patients, and the situation is further complicated by
the decreased motivation and willingness of physicians to consider
prolonged courses of peg-IFN treatment and as such some patients
who would have benefited from peg-IFN treatment lose their
chance. It is difficult to say which of the approaches is going to be
the best option for the treatment of CHD, but it is likely that one,
two, or all of the drugs reported above will be used in combination
with peg-IFN. As such, CHD will probably remain the one viral
hepatitis infection where IFN treatment will continue to be a part
of its management.
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