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Objectives
The objectives of the two-day meeting were:

* to provide an overview of the current epidemiology of hepatitis D and discuss potential
associated risk factors

* to review diagnostic tools and screening recommendations for hepatitis D

* to examine the prevention, treatment and control of hepatitis D

* todiscuss the public health impact of hepatitis D and the arguments for its inclusion in the
elimination goals of the World Health Organization (WHO).

Participants would also consider relevant hepatitis B-related issues.

The virus

Recognized in 1977, hepatitis D virus (HDV), a small circular single-stranded RNA virus (about 1.7 kb
long), replicates in the nucleus of hepatocytes.! It is then packaged within the envelope of hepatitis
B virus (HBV), which enables binding to the same receptor on liver cells (sodium taurocholate co-
transporting polypeptide, NTCP) as HBV (Figure 1). Genomic sequences (both partial and complete)
are being collected in a new comprehensive database which is regularly updated and publicly
accessible.?
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Figure 1. Viral particles of HBV and HDV: HBcAg, hepatitis B virus core antigen; L, S and M HBsAg,
large, small and medium hepatitis B virus surface antigen; L and S HDsAg, large and small hepatitis D
virus surface antigen; Rz, ribozyme. From E. Gordien.



The virus is highly heterogeneous, with eight genotypes broadly and discretely distributed globally
(with five in Africa) (Figure 2).3 Genotypes 5-8 have recently been imported into Western countries
from central Africa.* Phylogenetic analyses of sequences of the large HDV antigen obtained from the
database have enabled the identification of subtypes of various genotypes — five for genotype 1 and
two for genotypes 2 and 4, with intersubtype differences of between 3% and 10%. Among the eight
genotypes, the sequence difference is about 10%.° Future work needs to focus on the whole
genome rather than partial sequences and to look at not just amino acid changes but also
conformational changes.
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Figure 2: World map showing the estimated prevalence of HDV infection and genotype distribution.
Source: Koh C, Heller T, Glenn JS: Pathogenesis of and New Therapies for Hepatitis D - ScienceDirect.
Gastroenterology (2019) 156(2): 461-476.e1

Different genotypes have been associated with everything from asymptomatic infection and mild
forms of acute and chronic disease to progressive and severe liver disease. Genotype 3 has been
reported to be the most pathogenic,® but more data are needed to link genotype with clinical
outcome. In vitro they replicate with different efficacies.’

Simultaneous infection with HDV and HBV leads to coinfection and infection with HDV after HBV
infection leads to superinfection. Coinfection can result in a fulminant hepatitis but rarely leads to
chronic infection whereas superinfection does result in chronic infection and an accelerated
progression to liver disease and hepatocellular carcinoma (HCC) compared with HBV mono-infection.
HDV may thus be considered an oncogenic virus itself.® Even though mild clinical forms of disease
resulting from HDV infection are seen, as well asymptomatic carriage of HBV and HDV together,
because of the rapid pathogenesis that can result the combination of HDV and HBV infection is
considered the most severe form of chronic viral hepatitis.

Epidemiology and disease burden

Infection with HDV is underdiagnosed owing to limited access to diagnostics,® and its burden and
impact are thought to be largely underestimated and not well understood. As observed in Europe in
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the 1980s, the distinctive feature of chronic hepatitis D in countries endemic for HDV is the
accelerated progression to cirrhosis and HCC.%°

Risk factors for HDV infection are similar to those for HBV infection, and include injecting drug use
and unprotected sex, together with other infections (for example HIV and HCV), and living in or
coming from countries endemic for HDV. Vertical transmission, however, is rare. Generally, men are
at greater risk than women.

As global coverage rates of universal childhood hepatitis B vaccination progressively grow, reported
incidence rates of hepatitis D in countries with testing and surveillance have declined in some
regions; outbreaks of fulminant hepatitis D with high mortality are, however, still reported in many
countries. Nevertheless, hepatitis B vaccination coverage is not optimal everywhere and WHO
estimates that still some 257-296 million people are living with chronic HBV infection and thus may
be either already infected with HDV or at risk of infection with HDV. For 2016, WHOQO's figures (based
on an assumed global rate of 5% of HBsAg-positive carriers being infected with HDV) indicate that
about 15 million people are likely to be infected with HDV!! and a more recent systematic review
and meta-analysis of reports from 95 countries puts the estimated figure at 12 million (range 8.8-
18.7 million).*? Other estimates put the current figure between 15 and 48 million people worldwide
or even as high as 72 million, but good data are missing.

The prevalence of HDV infection and genotypes varies across the world, with highest rates seen in
foci around the Mediterranean, central Africa, in the Middle East and in central, northern and
eastern Asia.'® Reported figures range from 3% in Europe and Asia to 6% in Africa and the Americas
(especially among Amerindian peoples), with global figures of 4.5% in HBsAg-positive people in the
general population and 16.4% in those in hepatology clinics. People who inject drugs (PWID),
commercial sex workers, men who have sex with men and people with HCV infection have higher
odds ratios for being infected with HDV than those not reporting these risk factors.'® ** Some of the
highest reported rates have been observed in Mongolia and other countries in central Asia (including
Uzbekistan and Kyrgyzstan), the Punjab region of India, Pakistan, Somalia and west and central
Africa. Particularly high rates are seen in central Africa but there are only limited data for eastern
and southern Africa. High rates of HBV and HDV coinfection are reported also in WHO'’s Western
Pacific Region, in response to which WHO is establishing service delivery networks and coordinating
prevention and control measures, although more needs to be done on hepatitis D. In South
America, where genotype 3 predominates, the highest burden of HDV infection and disease is found
in the Amazon Basin (covering areas of Bolivia, Brazil, Colombia, Peru (see below) and Venezuela).
Data from the USA show that the reliability of reported prevalence rates depends on consistency of
testing and the tests being used. In Europe, after an initial significant decline in disease burden in the
1990s there has been no further decrease over the past years, probably because of immigration of
people from countries endemic for HDV.®> Few temporal data are available, making it difficult to
identify trends.

Several reports described low prevalence of HDV infection in general populations (at about 1—2% of
the figure for HBsAg positivity), but caution must be taken when interpreting these findings given
the paucity of large-scale studies, the fact that many studies were not representative, and questions
about the tests used. WHOQ’s prequalified lists currently contain no HDV diagnostics; most tests in
use are locally manufactured or based on in-house assays. Moreover, in lower- and middle-income
countries testing for HDV is rare, especially outside tertiary care centres. Thus, treatment algorithms
and policies based on the premise that prevalence was low may need to be reconsidered.



Two different patterns of patient distribution are being seen. In those low- and lower- and middle-
income countries where the virus in endemic, there has been no substantial change in the
epidemiological trends, although there have been reports of HDV associated with HBeAg-negative
HBV infection. In high-income countries, in contrast, the pattern has shifted from an ageing cohort of
domestic patients with advanced liver disease representing the end stage of HDV disease to a
younger generation of immigrants from endemic countries who now account for most new
infections (the population with the highest HBV burden in the USA, for instance). The
epidemiological situation in Italy was described as “vanishing but not yet vanished” as HBV rates
plummeted, leading to the perception that hepatitis D was no longer a medical problem in the
domestic population. Nevertheless, cases of hepatitis D in immigrants rose, adding to the public
health burden.® In Switzerland, a 10-year retrospective study found that one third of the hepatitis D
patient population was of African origin, confirming that population movements and migration from
highly endemic regions to low-prevalence countries are changing the demographics of chronic
hepatitis B and thus HDV, particularly in central Europe. The authors judged that the situation
represents a public health challenge for host countries.’

Chronic hepatitis D poses a significant risk for development of HCC. An extreme example of this
significant problem is seen in Mongolia but it is also seen in other central Asian countries.” Persistent
HDV replication more than doubles the rate of progression to liver disease and the presence of HDV
RNA is a major predictor of progression to cirrhosis and mortality.

The question was raised of how much disease that is thought to be caused by HBV is actually due to
HDV? Are flares in chronic hepatitis B actually manifestations of hepatitis D? In Italy, cases of HBsAg
positivity are being reanalysed in order to assess the real burden of hepatitis D. Asymptomatic
carriers of both HBV and HDV may exist. Some instances of HBV-negative but HDV-positive patients
with HCV infection have been seen, raising the possibility of transmission of HDV through viruses
unrelated to HBV.8 Studies in humanized mice show that several viruses unrelated to HBV and
including HCV can act as helper viruses by packaging HDV ribonucleoproteins, facilitating egress of
HDV particles and entry into cells with relevant receptors. Furthermore, HCV also propagated HDV
infection of the liver.?® Alternatively, HDV infection in the apparent absence of HBV could reflect
occult HBV infection.

The finding of new HDV-like viruses in a diverse range of animals raises questions about the origin of
HDV and its evolution.? It was observed that in Guadeloupe, where many people have their roots in
Africa, there is no HDV, suggesting that HDV was not present in the African continent several
centuries ago.

Epidemiology: country examples

France

There have been a few studies on HDV infection and its clinical sequelae. Academic interest in HDV
and its disease burden is growing, as exemplified for instance by the establishment of specialist
centres including a national reference centre for HDV. In separate studies, reported prevalence
ranged from 2% in blood donors and 3.7% in new HBV-positive patients to 12.6% in coinfected HIV-
infected subjects.

A nationwide retrospective study of 1112 HDV-infected patients from 34 centres across France (the
DeltaVir cohort of hospitalized patients in 2000-2013) found that most cases of HDV infection (86%)

* See Mentha et al (2019), reference 3.



were in immigrants, mainly from sub-Saharan Africa (49%) or Europe (16-17% from both western
and eastern Europe); most cases were due to genotypes 1 and 5 (with those with genotype 5 having
higher rates of liver fibrosis). Risk factors included injecting drug use, but place of birth, genotype
and persistent viraemia constituted the main determinants of liver involvement and response to
treatment in patients with chronic HDV infection.?!

Germany

Notifications of HDV infection have been increasing in recent years, but this finding could be due to
increasing awareness, more testing or both. A broad systematic literature review was undertaken to
support the national strategy on meeting WHQ's goals for eliminating viral hepatitis by 2030, but
data on hepatitis D were scarce and often old.?? Prevalences of HDV infection of 1.2% for HBsAg-
positive blood donors and 1.45% for general HBsAg-positive cohorts were reported; generally higher
figures are recorded in at-risk populations. Most patients with hepatitis D (85%) were from other
countries (including eastern Europe), with more men than women and average age of 37 years. The
number of notified cases has increased over the past 20 years. The picture remains incomplete, with
much research remaining to be done.

Georgia

Data on HDV in the country are poor (and those on trends are not very reliable). The burden of HBV
in the country is intermediate to high (2.7%) — a 2013 study reported an HBsAg prevalence of 2.5% in
pregnant women. HBV vaccination rates have risen since the introduction of the vaccine into the
childhood immunization schedule in 2001 and as a universal birth dose in 2003, leaving fewer
individuals susceptible to HBV and HDV. Georgia has an internationally-supported national hepatitis
C elimination programme, which includes serosurveys for HBV and HCV infection in the general
population. The prevalence of coinfection with HBV and HCV is among the highest in the world. The
estimated prevalence of HDV coinfection (HDV RNA positive) is 0.9%; all cases (mostly men with
compensated liver disease) have been due to genotype 1. Risk factors for HDV infection include a
history of blood transfusion, incarceration and injecting drug use.?® Infection control is insufficient.

Challenges include poor knowledge of viral hepatitis in the general population and of HBV and HDV
among clinicians, lack of standardized international guidelines for management of HDV infection and
disease, lack of access to HBV treatment, no access to clinical trials and no financial support from the
State or private insurance companies.

Peru

A report from Peru highlighted the striking impact of hepatitis B vaccination as prevention of both
hepatitis B and D.?* Previously, Peru was a country with an intermediate endemicity level for HBV
infection, with areas of high, medium and low endemicity in its different regions. The government
introduced a pilot hepatitis B vaccination programme in children aged 5 years in hyperendemic
regions in 1991, extending this to universal vaccination of all newborns in all areas in 2003. Among
native communities in the jungle and in some locations in the highlands such as Abancay and
Huanta, however, a prevalence of 14% of HDV infection had been reported in apparently healthy
school-age children. After 20 years of the vaccination programme, the prevalence of HBsAg in
children aged under 5 years in the Peruvian Amazon fell to zero in 2010,?° and the prevalence of
HBsAg in the general population of the highlands decreased from 9.8% to <2%. Nationally, hepatitis
D has almost disappeared; a low prevalence of 0.4% has been reported and no case has been
detected recently in people under 30 years of age.?® Before the vaccination programme, HDV
circulated in eight departments in the country; subsequently it has been reported in only two
(Ayacucho and Loreto). Declines in infections and liver disease were also recorded. The health



ministry issued national guidelines for the prevention, diagnosis and treatment of viral hepatitis in
2018, and an elimination plan for viral hepatitis in Ayacucho will run until 2024.%’

Policy responses

Generally, policy responses to hepatitis D have been unremarkable; for instance, it is not covered by
WHQO's global health-sector strategy for viral hepatitis for 2016—-2021 and hepatitis D does not
feature among the elimination targets for 2030. WHO is in the process of drafting a new high-level
strategy for viral hepatitis for 2022-2030% (which will take into consideration the conclusions of the
present meeting) for submission to its governing bodies in 2022.

Until recently, little research has been done, with the pharmaceutical industry showing little interest
in developing antiviral agents for what has sometimes, erroneously, been described as an orphan
disease. In recent years, academic institutions have stepped into the breach, and research is
generating new tools, medicines and approaches, which are being tested.

The European Association for the Study of the Liver (EASL) includes coinfection with HBV and HDV in
its latest HBV clinical practice guidelines and is currently drafting recommendations for the
treatment of hepatitis D and for testing all HBsAg-positive people for anti-HDV antibodies. The
American Association for the Study of Liver Disease (AASLD) recommends such testing only for
HBsAg-positive people with risk factors, but complex criteria may have resulted in targeted testing.
(Also, in the USA the Food and Drug Administration has not approved any HDV assay.) Despite
EASL’s recommendations, a study in Spain found that a large proportion of HBsAg-positive
individuals were not tested for anti-HDV antibodies, particularly in primary care settings, resulting in
many hepatitis D patients remaining undiagnosed.?® (See Table 1 for a summary of key elements
regarding hepatitis D in guidelines addressing hepatitis B)

Funding remains an issue in every country.

Table 1

Key elements regarding hepatitis D in guidelines addressing hepatitis B (last updated February 2022)*

Natural
history

Epidemiology

AASLD

Screening,
diagnosis

Anti-HDV
screening is
recommended
in HIV positive
persons,
persons who
inject drugs,
men who
have sex with
men, those at
risk for
sexually
transmitted
diseases,

Treatment

Pegylated
IFNa
(PegIFNa) for
12 months is
the
recommended
therapy for
those with
elevated HDV-
RNA levels
and ALT
elevation. If
HBV-DNA
levels are

Management

Assessment of
HDV-RNA is
warranted if
ALT elevation
occurs
following
treatment
because of
the high rates
of relapse.

Reasonable to
refer patients
to specialized
centres that

Prognosis



EASL

APASL

Epidemiology

The
prevalence of
HDV has not
declined. In
the United
States of
America,
Australia and
some
European
countries, the
prevalence of
HDV infection
is increasing.

Natural
history

Severe or
fulminant
hepatitis is
more
frequently
reported in
HBV-HDV co-
infection
compared to
HBV mono-
infection.
Chronic
infection after
acute HBV-
HDV hepatitis
is less
common,
while chronic
delta hepatitis
develops in
70-90% of
patients with
HDV
superinfection.

Chronic
infection after
acute HBVHDV
hepatitis is less
common,
while chronic
hepatitis D
develops in
70-90% of
patients with
HDV
superinfection.

Screening,
diagnosis

migrants from
areas of high
HDV
endemicity,
patients with
low HBV-DNA
levels and
elevated ALT
levels.

Confirmed by
detectable
HDV RNA,
immuno-
histochemical
staining for
HDV antigen,
or IgM anti-
HDV.
However,
diagnosis of
active HDV
infection may
be difficult, as
HDV RNA
assays are not
standardised
and HDV
antigen and
IgM anti-HDV
assays are not
widely
available.

Confirmed by
detectable
HDV RNA,
immuno-
histochemical
staining for
HDV antigen,
or IgM anti-
HDV. But
diagnosis of
active HDV
infection may
be difficult, as
HDV RNA
assays are not

Treatment

elevated,
concurrent
therapy with
NA is
indicated.

PeglFNa for at
least 48 weeks
is the current
treatment of
choice in HDV-
HBV co-
infected
patients with
compensated
liver disease.
It can be
continued
irrespective of
on-treatment
response
pattern if well
tolerated.
Patients with
ongoing HBV
DNA
replication,
NA therapy
should be
considered.

Pegylated
interferon is
effective
against HDV.
Weekly
injection of
pegylated
interferon is
currently used
for 12—

18 months.
Nucleotide
analogues
treatment
might be

Management

offer access to
experimental
therapies.

Long-term
follow-up HDV
RNA
monitoring is
recommended
for all treated
patients as
long as HBsAg
is present.

Patients
should be
monitored for
6 months post
treatment and
beyond.

Prognosis

Persistent HDV
replication leads
to cirrhosis and
HCC at annual
rates of 4% and
2.8%, leading to
high fatality rate
and justifying the
need for antiviral
therapy.

HDV can cause
severe liver
injury that may
result in
fulminant
hepatic failure
and rapid
progression to
cirrhosis and
hepatic
decompensation,
as well as an
increased risk of
liver cancer.



Epidemiology

Up to 5% of
the world’s
population is
infected with
HBV, and
probably 5%
of those
chronically
infected with
HBV have
HDV
infection.
Some
endemic
areas in the
developing
world may
have much
higher
prevalence.

WGO

Natural
history

Coinfection
evolves to
chronicity in
only 2% of
cases, but is
associated
with a higher
chance of
fulminant
acute
infection,
while
superinfection
leads to
progressive
disease and
cirrhosis in
more than
80% of cases.

Screening,
diagnosis

standardized
and HDV
antigen and
IgM anti-HDV
assays are not
widely
available.

Should be
evaluated
particularly if
hepatitis is
present in the
face of little or
no HBV viral
replication, or
if they come
from an HDV-
endemic
region or have
acquired HBV
through
injection drug
use. Infection
should be
diagnosed by
detection of
HDV RNA in
serum by
polymerase
chain
reaction, or
indirectly by
detection of
antibodies
against
hepatitis D
antigen of the
IgG and IgM
classes.

Treatment Management

considered in
some patients
who have
active HBV
replication
with
persistent or
fluctuating
serum HBV
DNA levels
above

2000 IU/ml.

Chronic -
hepatitis D
should be
treated with
IFN
(preferably
peglFN) for at
least

12 months,
but the
treatment
results are
suboptimal.
Patients with
active HBV
replication
despite HDV
coinfection
may benefit
from
treatment
with NA in
combination
with PeglFN.

Prognosis

Cirrhosis
develops at a
younger age
than in patients
with chronic HBV
monoinfection.

*AASLD, American Association for the Study of Liver disease; EASL, European Association for the Study of the
Liver; APASL, Asian Pacific Association for the Study of the Liver; WGO, World Gastroenterology Organisation

Global Guideline.

ALT, alanine aminotransferase; NA, nucleos(t)ide analogue; IFN, interferon; PeglFN, pegylated interferon



Source: Hayashi T, Takeshita Y, Hutin YJ, et al. The global hepatitis delta virus (HDV) epidemic: what gaps to address in
order to mount a public health response? Archives of Public Health 2021 Oct;79(1):180. DOI: 10.1186/s13690-021-00693-2.
PMID: 34663473; PMCID: PM(C8525025.

Diagnostic tools and screening

Participants agreed that testing for HDV infection should be a reflex action for every new case of
HBsAg-positivity that is detected, incorporated into management guidelines and policies. Diagnosis
can identify exposure (antibodies — total or IgG) and infection (RNA). Although IgM antibodies persist
in chronic HDV infection, they can be absent in African patients and were generally ruled to be not
useful in clinical practice.

Diagnostic tests to detect anti-HDV antibodies are not widely available, and there has been limited
standardization of HDV RNA assays (PCR). For the few that are available, quality assurance is not
guaranteed. Existing sensitive assays include qualitative PCR tests, antibody ELISAs, and the
guantitative microarray antibody capture (Q-MAC) assay (the latter is proposed as valuable for
population screening following its use in detecting an HDV prevalence of about 60% in HBV-infected
Mongolian subjects).3® Nevertheless, more reliable tools for diagnosis or detection of markers of
HDV infection are needed. Most available assays underestimate or fail to measure viral load (the
variability of the viral genome is responsible), but some show promise. Quantification of viral load is
important as the concentration of HDV RNA predicts the response to treatment and is a guide to
deciding the duration of maintenance of treatment. The probability of detecting anti-HDV antibodies
is not consistent across all stages of the clinical spectrum, from lowest in asymptomatic and mild
disease to high in advanced disease and in high-risk settings. Point-of-care tests are being developed
but are not yet on the market. Whole-blood tests for rapid diagnosis would be valuable.

The first international study on quality control for HDV RNA viral load quantification attracted 28
participating laboratories from 17 countries worldwide. Less than one half the participants correctly
quantified all positive samples and several underestimated RNA from African genotypes (1 and 5-
8).3! The results underline the urgent need to improve methods for monitoring HDV viraemia.

Non-invasive diagnostic methods for liver fibrosis, such as transient elastography, are considered
useful tools for evaluating the stage of fibrosis, and are often preferable to liver biopsy, but specific
cut-offs for degrees of fibrosis in hepatitis D have not been well defined. Newer promising methods
include the delta-4 fibrosis score3? and the BEA (baseline event anticipation) score.

Not only should diagnostic tests be standardized but they should be optimized for genotypes and
genotype subtypes. Strategies for their use and application should be developed, including
diagnostic algorithms, starting from detection of a positive result for HBV infection. Once those tools
are available and deemed reliable, they can be used for the screening of all HBsAg carriers. The
Russian Federation has changed its clinical guidelines for HDV; testing for HDV is now mandatory in
all cases of HBsAg-positive tests irrespective of clinical presentation.

Screening for HDV infection is insufficient and, in some countries (for instance, Greece) declining. Its
practice is also limited; for example, few people with HCV or HIV infection are screened for HDV;
higher but still low rates of screening are reported for different groups and races. How to ensure
reporting of results from laboratories on a routine basis is an issue to be resolved, and it was noted
that many laboratories are not prepared to invest in expensive tests that may be used only
infrequently — HDV infection is not seen as a priority compared with the other workload.

As reported in France, most cases of HDV infection are being seen in immigrants. As with other
marginalized groups, their management is difficult — they face poor access to healthcare systems in



the first place, they tend to attend for one visit and then are lost to follow-up. Rapid testing methods
would be a great help.

Some argue that low prevalence rates argue against screening, but given limited information on
burden and prevalence screening is needed to best characterize the true epidemiological picture
before creating risk-based strategies. Testing in lower- and middle-income countries and outside
tertiary centres is low. Elsewhere there may be a “diagnostic inertia” to test for HDV and questions
arise about reimbursement of costs. Advent of new treatments will provide an additional reason for
screening.

Treatment

WHO estimated that globally at least 26 million people and possibly 65 million with HBV infection
are eligible for treatment.3? For those with HDV, treatment options are limited and current
recommended treatment does not have high success rates.

The only currently-recommended treatment, with pegylated interferon-alpha, is unsatisfactory with
undetectable serum HDV RNA levels 24 weeks after end of treatment in only 20—33% of cases as
well as side effects and poor tolerance. A recent meta-analysis confirmed its limited effectiveness,
noting only rare clearance of HBsAg and seroconversion to anti-HBs in treated chronic HDV
patients.3* Re-examination with a new quantitative PCR assay of samples from one large clinical trial
that had previously been classified as having undetectable levels of HDV RNA showed that one-third
contained HDV RNA. Furthermore, detectable low-level HDV viraemia with the sensitive assay at
48—96 weeks after cessation of treatment was associated with a high risk of HDV RNA relapse.?®
Addition of nucleos(t)ide analogues added no benefit and doubling the duration of treatment to two
years did not improve results. Some data indicate that long-term treatment, up to 10 years, may
produce better virological results.

The main targets for novel antiviral approaches against HDV are viral entry, assembly and egress.
Four new therapeutic agents or approaches were reviewed.

Bulevirtide, a polypeptide analogue (47 amino acids) of the hepatitis B large surface antigen, blocks
the entry of the HBV and thereby also HDV into liver cells by competitive inhibition of binding to the
HBV receptor, the sodium taurocholate co-transporting polypeptide. This results in a limitation of
cell-to-cell spread of HBV and HDV in the liver. In 2020 it was given “conditional marketing
authorization” by the European Medicines Agency, which regularly reviews further evidence on the
effectiveness of the antiviral agent.® It is administered by daily subcutaneous injections.

Monotherapy with bulevirtide is safe and well tolerated through 24 weeks of treatment (and in
some cases up to three years®); it was associated with significant HDV RNA declines and
improvements in biochemical parameters (alanine aminotransferase activity). Longer follow-up to
confirm clinical benefit of this new treatment is underway in phase lll trials.

Lonafarnib, a small non-peptide molecule, inhibits a host enzyme (farnesyl transferase) that is
essential in the assembly of HDV particles, namely the prenylation of its major structural protein. It is
an oral medication that has been approved by the US Food and Drug Administration for treatment of
rare disorders, but is currently under investigation for the treatment of hepatitis D. It can be used as
monotherapy for hepatitis D or boosted with ritonavir and pegylated interferon. Several phase Il
clinical trials in various countries have been completed with promising results; a phase lll trial of the
triple combination is underway, and although there have been no major safety concerns to date but
tolerance is poor.38



Interferon-lambda is a class Ill interferon, receptors for which are highly expressed on epithelial cells
but otherwise not widely distributed in the body, and thus might be better tolerated than other
interferons. Phase Il trials have shown promising virological and biochemical responses. A phase
trial to evaluate the safety and efficacy of pegylated interferon lambda treatment for 48 weeks with
24 weeks follow-up compared to no treatment for 12 weeks in patients chronically infected with
HDV is in preparation; the outcome sought will be the proportion of patients with undetectable HDV
RNA.3° The results of a Phase Il trial show that the combination of lonafarnib, ritonavir and
interferon lambda is safe and generates a good virological response on treatment, but there are
gastrointestinal side effect due to inhibition of a host enzyme and off-treatment viral relapses occur
in a considerable proportion of patients.*

The end points in clinical trials of treatment of coinfection with HBV and HDV need definition.
Undetectable serum HDV RNA six months after stopping treatment has been considered a primary
end point with an intermediate goal of normalization of alanine aminotransferase activity, but RNA
negativity is now not considered to be a good marker for treatment efficacy. A reliable early
predictor of nonresponse has not yet been defined.** Some experts have proposed a decline in HDV
RNA from baseline of >=2 log together with normalization of alanine aminotransferase activity as a
reasonable surrogate for future treatments, but others do not endorse this endpoint.*?

Discussions also touched on the question of when to start treatment. Serological markers were
deemed to be not suitable to guide the decision.

Treatment: group discussion

A group discussion focused on three questions: how to improve the outcome for patients with
hepatitis D, is treatment optimal and, if not, what would constitute the best treatment, and can HDV
be eliminated and, if not, why not?

Outcomes could be improved by starting with raising awareness of hepatitis D — from the general
population through to clinicians and policy-makers. Advocacy campaigns and publication of data and
results would help. Revised guidelines resulting in routine screening and better testing methods and
programmes, including those for anti-HDV antibodies, could lead to earlier identification and
treatment.

The optimal treatment does not yet exist. Current regimens are unsatisfactory. New treatments are
in clinical trials, some at phase Ill, but it will be some time before they become approved,
established and available at affordable prices. Combination therapies against HDV rather than
monotherapy may be necessary to obtain firm clinical endpoints, especially when aiming at loss of
HBsAg. Further work is needed to determine factors that predict those patients who need long-term
treatment and the timing of cessation of treatment. Bulevirtide looks promising for maintenance
therapy, but alternative formulations to daily injection would be preferable; an oral form would be
valuable or even a version that could be self-injected.

Elimination of HDV depends on elimination of HBV, for which the answer lies in vaccination against
hepatitis B with much broader coverage of vaccination programmes. In this way, elimination of
hepatitis D as a public health problem is feasible and relatively cheap, but the goal will not be
achieved before 2030. Elimination activities will need a better understanding of the epidemiology of
HDV, standardized testing strategies and better treatment options. For individual patients, it is not
yet possible to talk of cure of hepatitis D — such expectations of clinicians and patients need to be
tempered; the immediate goal is functional remission through treatment.



Issues and needs

Poor awareness of hepatitis D and HDV exists in many countries at clinical, medical, scientific,
political and general population levels. Physicians need to be educated about prevention, control
and management. More information needs to be disseminated broadly about the essential role of
hepatitis B vaccination in eliminating HDV, using examples such as the success of the hepatitis B
vaccination programme in Peru in reducing the burden of HDV at the same time as HBV infection
and disease. Also, the severity of the public health problem due to hepatitis D needs to be
recognized, for example the situation among PWID in Ukraine where prevalences of HIV and HCV as
well as HDV are also high. Publication of more abstracts and articles is one way to spread the
message.

Several taxonomies exist for naming HDV genotypes. Consensus needs to be reached on one
nomenclature and its application ensured (with notification of journal editors, for instance).

Poor or lacking data, often old and not updated and from unrepresentative groups, result in
underestimation of prevalence. Many studies have been small and limited (geographically and in
scope) and focus on patients with advance liver disease or at high-risk; denominators are varied
(general population or HBsAg-positive cases); temporal data (trends) are few; and not all antibody-
positive subjects have active HDV-related liver damage. Necessary improvements include:

» different, broader and more representative groups for both screening and epidemiological
studies;

* generation of more genotype-specific information;

* screening of marginal groups for both HBV and HDV;

* standardization or better definition of methods for determining prevalence;

* creation of algorithms for HDV testing of every new case of HBsAg-positivity.

It is clear that HDV is widespread but often has not been recognized or identified. The maxim “seek,
and ye shall find” seems to apply to future epidemiological work.

Beside epidemiological studies, better data are needed on everything from hepatitis D virus itself
(genetic features, phylogeny and correlation with clinical outcomes) to antiviral agents in the
development pipeline. Areas for further work include:

» definition of markers of infection and their behaviour (for example, the probability of finding
HDV antibodies at all stages of the clinical spectrum is low);

* descriptions of the natural history of hepatitis D;

* determination of the attributable fraction of HDV to cirrhosis and HCC (estimated at 20% in
one study);

e standardization of sera and reference materials;

* development or refinement and standardization of diagnostic assays, including commercial,
inhouse and new tests (for instance, PCR tests for genotypes) and their availability and
affordability;

* staging of liver fibrosis: development of reliable non-invasive tests;

* conclusion of clinical trials of new therapies and investigation of new combination
treatments, aiming for licensure and negotiations for availability and affordable pricing;

* identification of reproducible virological endpoints that predict long term clinical outcomes
in clinical trials;

* indications of when to stop treatment and evaluation of benefits of long-term versus short-
term treatment;



* developments of alternatives to daily subcutaneous injection of bulevirtide such as an oral
formulation or possibly self-administered injections.

At the public health level, the practicality, benefits and costs of screening (as well as of new
treatment regimens) need greater consideration. Building and maintaining networks such as those in
WHO's Western Pacific Region must be given attention. Sources and mechanisms of sustainable
funding must be found. High-level input into the drafting of WHO’s global health sector strategy for
viral hepatitis 2022-2030 should continue urgently for its consideration by WHO’s governing bodies.
At national levels, efforts should be made to intensify maximal implementation of universal
coverage of hepatitis B vaccination; this would accelerate declines in the prevalence of hepatitis D
even if not in a sufficiently timely manner to ensure elimination of HDV by 2030.

The final, strong message was that every new diagnosis of a case of HBV infection should be, as a
reflex, tested for HDV. Liver associations such as EASL and AASLD should be encouraged to change
their guidelines for screening to start with the detection of every new case of HBsAg-positivity, and
these should be broadly disseminated and promoted. Meanwhile, more intensive educational
activities and new strategies for anti-HDV testing particularly focused on migrant populations should
be devised and implemented.
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