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Abstract

Hepatitis D virus (HDV), a satellite virus requiring hepatitis B surface antigen (HBsAg) for propagation, is a
hepatotropic virus implicated in acute and chronic viral hepatitis, with an accentuated risk of cirrhosis and
hepatocellular carcinoma. The epidemiology of HDV infection is underestimated owing to underdiagnosis
and low screening rates. Being inherently defective, HDV depends on HBsAg, the envelope protein of the
hepatitis B virus (HBV), for hepatocyte entry and exit. However, viral replication is then HBV-independent
but dependent on the host cell RNA polymerases. Infection can either be a coinfection with HBV or
superinfection in individuals with pre-existing HBV, with the latter exhibiting a higher propensity for
progression to chronicity. Clinical manifestations could range from acute hepatitis to acute flares in chronic
hepatitis to rapidly progressive chronic liver disease. For decades, the treatment of HDV infection relied
heavily on conventional and pegylated interferons (PEG-IFNs), which, despite limited efficacy and high
relapse rates, continue to be a therapeutic option in patients with compensated liver disease. The past
decade witnessed an advanced understanding of HDV virology and pathogenesis, which led to the
development of multiple specific and targeted therapeutic agents, most notably the HDV viral entry
inhibitor, bulevirtide, and the prenylation inhibitor, lonafarnib. In 2020, bulevirtide became the first drug
approved in the European Union to treat chronic HDV with compensated liver disease. The emergence of
lambda interferons, nucleic acid polymers, RNA silencers, and immune modulators further expands the
therapeutic landscape. Combination regimens leveraging complementary mechanisms are promising but
require further validation to optimize dosing and treatment durations. While novel therapies provide hope,
significant unmet needs remain, especially for patients with decompensated cirrhosis. Future research
must prioritize comprehensive strategies to enhance treatment efficacy and accessibility, offering a brighter
prognosis for those affected by this devastating virus.
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Introduction

The hepatitis D virus (HDV) is a negative-sense, single-stranded RNA virus belonging to the delta virus
genus [1]. It is an incomplete virus, lacking envelope proteins and nucleic acid polymerases. Instead, it
utilizes the surface antigen of hepatitis B virus (HBV) to envelope itself and the host RNA polymerase to aid
replication. HDV can infect an individual only in the presence of HBV infection to provide hepatitis B surface
antigen (HBsAg), making it a satellite virus to HBV. HDV infections may be coinfections, simultaneously
acquired HBV-HDV duos, or superinfections, where HDV infects a person with a background HBV infection.
It is estimated that about 5% of those chronically infected with HBV do have HDV infection as well [2]. The
HDV prevalence rates are underestimated, thanks to the abysmally low testing rates. Recent studies reveal
HDV screening rates ranging from 6.7% to 19.7% [3-5].

HDV virology

HDV infection is transmitted mainly through percutaneous exposure: contaminated needles or other
sharps, followed by sexual transmission from infected partners [2]. Mother-to-child transmission is
infrequent compared to HBV. Rare cases have been reported following mucosal exposure and breastfeeding
[6]. Inside the host, being an incomplete virus that lacks an envelope and RNA polymerase, it is ineffective
by itself in infecting or replicating. The HDV-ribonucleoprotein (HDV-RNP) depends on the hepatitis B
antigens to facilitate hepatocyte infection. The HDV envelope is derived from the HBsAg, small, medium,
and large. This HBsAg-enveloped HDV interacts with the hepatocyte receptors, heparan sulfate
proteoglycan (HSPG), and sodium taurocholate co-transporting polypeptide (NTCP). Following the HBsAg-
HSPG/NTCP interaction, the HDV-RNP comprising HDV-RNA and hepatitis D antigen (HDAg) is released
into the hepatocyte. This complex migrates into the hepatocyte nucleus and utilizes the host RNA
polymerase to replicate. HDV-RNA is transcribed into mRNA by host RNA polymerase and subsequently
translated to generate both small and large HDAg (S-HDAg and L-HDAg). This HDAg integrates with HDV-
RNA, forming nascent HDV-RNP. The HDAg undergoes post-translational modifications, most importantly,
prenylation, which allows it to interact with HBsAg [7]. Subsequently, the HBsAg envelops this HDV-RNP
core in the presence of concomitant HBV infection. Only these HBsAg-enveloped HDV-RNP can egress from
the hepatocyte. In summary, HDV utilizes HBV-generated HBsAg to form an enveloped virus that enters and
exits hepatocytes while replicating using host RNA polymerases independent of HBV [1, 2, 8].

Clinical manifestations

The mean incubation period of HDV infection is 2-8 weeks; it tends to be longer in cases of coinfection but
shorter in those of superinfection [9, 10]. The disease may manifest as acute hepatitis, or acute flare in
chronic hepatitis, or as chronic hepatitis. Acute hepatitis typically results in the setting of HDV-HBV
coinfection, while flare or chronic infection is more common with HDV superinfection. The possible
outcomes of HDV-HBYV infection are depicted in Figure 1.

Coinfection results when an individual acquires hepatitis B and D simultaneously. The typical
manifestation is acute or fulminant hepatitis. The manifestations include a prodromal phase characterized
by fever, myalgia, and fatigue, followed by the development of jaundice. The infections resolve in most cases
but may sometimes progress to acute liver failure. In an immunocompetent adult, coinfection rarely
progresses to chronic illness; the estimated incidence of chronic HDV in coinfection is about 2% [11].

Superinfection results when an individual with pre-existing hepatitis B acquires an add-on HDV
infection. The clinical manifestations can be acute hepatitis, or flare, or chronic hepatitis. The incidence of
chronic hepatitis D, in the setting of HDV superinfection, is as high as 90% [11].

Chronic HDV infections are the most rapidly progressive form of chronic viral hepatitis, often
culminating in cirrhosis in 5-10 years in 70% of cases [12]. HDV-HBYV infection has a three times higher risk
of cirrhosis compared to isolated HBV infection [13]. Though controversial, few studies even report a
higher risk of hepatocellular carcinoma in HDV-related cirrhosis of the liver compared to isolated HBV
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Figure 1. Clinical outcomes of HDV-HBV coinfection or superinfection. HBV: hepatitis B virus; HDV: hepatitis D virus

cirrhosis [13, 14]. Chronic HDV infection is also associated with numerous autoimmune diseases; notably,

approximately 15% of individuals are positive for anti-liver-kidney-microsomal antibodies (anti-LKM-3)
[11].

Evolution of HDV treatment

The earlier HDV treatment efforts largely paralleled those of hepatitis B infection. Since HDV depends on
HBsAg for its infectivity, it was previously believed that treating HBV infection would also eliminate its
satellite infection. In 1994, Farci et al. [15] evaluated interferon alfa (IFNa) for the treatment of HDV
infection, subsequently paving the way for pegylated IFN therapy. The early 21st century saw extensive
trials of nucleic acid analogues in the treatment of HDV. The subsequent two decades witness no
groundbreaking evolution in the treatment of the delta virus. However, since 2020, multiple new molecules
have been evaluated, and many are still in different stages of clinical trials for managing HDV infection.
Figure 2 illustrates the timeline of HDV treatment evolution.

All patients with chronic HDV infection should be considered for antiviral therapy. Currently, available
medications are validated for use in compensated liver disease. None of the medicines are licensed for use
in decompensated cirrhosis, and hence, this group of patients should be evaluated for liver transplantation.
The monitoring of patients includes virological, biochemical, and histological responses. The virological
response is estimated using HDV-RNA and quantified every six months. Biochemical response involves
monitoring of liver chemistries, typically 3-6 monthly. An ideal assessment of histological response
requires a liver biopsy with an estimation of the histological activity index. Liver biopsy is an invasive
procedure potentially associated with sequelae; hence, less invasive alternatives like hepatic Fibroscan® or
Fibrotest® might suffice. A > 2-log reduction in HDV-RNA, undetectable HDV-RNA at the end of treatment
and 6 months post-treatment, and normalization of alanine aminotransferase (ALT) are utilized as markers
in clinical trials. The ideal endpoint in HDV treatment is the loss of HBsAg, which is rarely achievable with
currently available therapies [8].

Pharmacotherapy of HDV
Interferons

IFNs are cytokines and a regular component of the human immune system with intrinsic antiviral
properties. The IFNs interact with the cell surface receptors of virus-infected cells, upregulating the Janus
kinase-signal transducer and activator of transcription (JAK-STAT) pathway. This pathway downstream
activates multiple IFN-stimulated genes, the products of which have numerous antiviral effects, including,
but not limited to, inhibition of viral replication [16]. Pegylation of IFN results in slower clearance, thereby
increasing its half-life [17]. IFN is the only class of medication recommended by the American Association
for the Study of Liver Diseases (AASLD) HBV treatment guidelines, 2016 [18].
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Figure 2. The timeline depicts the currently utilized and potential candidate medications for treating HDV infection.
HDV: hepatitis D virus; IFN: interferon; PEG-IFNa: pegylated-IFNa

IFNa was the first molecule ever evaluated in the treatment of HDV. Administered subcutaneously at a
dose of 9 million units (MU) three times weekly, it achieved approximately a 50% virological and
biochemical response at 48 weeks of treatment. However, most of the patients relapsed weeks after
cessation of therapy [15]. The unacceptable adverse effect profile, thrice weekly injection schedule, and
high relapse rates post-treatment were the significant limitations. Long-term follow-up of [FNa-treated
patients has reported better survival rates, lower HDV viral replication, and lower fibrosis rates years after
treatment [19].

PEG-IFNq, the advent of which allowed a shift from thrice weekly to once-a-week injection therapy.
Trials with PEG-IFNa-2a (180 pg/week) or PEG-IFNa-2b (1.5 pg/kg/week) for 48 weeks to 96 weeks
reported HDV-RNA negativity rates of 17% to 46% at 6 months to 12 months post-treatment follow-up
[20]. A meta-analysis comprising 13 studies involving 475 patients treated with PEG-IFNa revealed a
pooled virological response of 29% and a biochemical response of 33% at 24 weeks post-treatment [21].
The European Association for the Study of the Liver (EASL), 2023 practice guidelines recommend
considering PEG-IFN, preferably PEG-IFNq, for 48 weeks to treat chronic HDV infection with compensated
liver disease [8]. The treatment limitations include an overall suboptimal response, an adverse effect
profile, and the need for parenteral administration of the medication. IFN therapy is not recommended in
patients with decompensated liver disease. Also, IFN treatment has been linked with the onset of
autoimmune hepatitis [8].

PEG-IFNA has demonstrated antiviral effects with a more favorable adverse effect profile compared to
PEG-IFNa. The IFNA receptor is preferentially expressed in the liver, lung, and gut, compared to the
ubiquitous expression of the I[FNa receptor, which explains its better adverse effect profile [22]. Human
liver chimeric mouse model studies have reported reduced intrahepatic HDAg and HDV RNA levels with
PEG-IFNA, which are comparable to those observed with PEG-IFNa [23]. The LIMT-1, phase II trial, with
PEG-IFNA, reported a 24-week post-treatment virological response of 36% and 16%, respectively, with
subcutaneous injections of 180 pg/week and 120 pg/week, for 48 weeks. Hepatobiliary adverse effects
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requiring drug interruption was encountered with both dosages in this trial [24]. The LIMT-2 phase III trial,
which evaluated PEG-IFNA at 180 pg/week in compensated liver disease, was discontinued in 2023 due to
concerns about hepatobiliary complications, which led to hepatic decompensation [25]. Considering the
overall mediocre response rates, a narrow therapeutic index, the need for parenteral therapy, and the
emergence of safer, novel medications, PEG-IFNA may be pushed into oblivion in the HDV therapeutic
landscape. However, future research may reveal that its immunological effects are beneficial when
combined with direct antiviral agents, possibly at a lower dose and in specific patient populations.

Nucleos(t)ide analogues (NA)

Several trials have evaluated the role of nucleos(t)ide analogues (NA) in treating HDV-HBV infection.
Lamivudine, famciclovir, entecavir, and tenofovir have been evaluated as monotherapy, with no clinically
meaningful response in HDV infection [26-29]. The EASL, 2023 recommends using NA in patients with
HBV-HDV infection, guided by the indications for HBV and not targeting HDV [8].

HDV entry inhibitor

Bulevirtide interacts with the hepatocyte NTCP and blocks the entry of the HDV/HBYV into the hepatocyte
[30]. Hepatocyte entry blockade results in diminished immune-mediated hepatocyte injury, subsequent
viral replication, and a reduction in viral load, leading to a biochemical and virological response. Multiple
MYR trials since 2015 have demonstrated the safety and efficacy of bulevirtide [31-33]. The MYR 202 dose-
finding trial estimated that subcutaneously administered doses of 2 mg and 10 mg per day were effective in
HDV infection [32]. In a phase III trial, Wedemeyer et al. [34] reported that at least a 2 log10 IU/mL
reduction in HDV-DNA levels and normalization of ALT were achieved in nearly half of the subjects at 48
weeks. Studies have demonstrated a good safety profile, with non-specific symptoms, such as leukopenia
and thrombocytopenia, reported in 2-8% of the subjects. Dose-dependent elevation of bile acid levels has
been reported consistently across studies, but asymptomatic and reversible upon drug discontinuation
[35]. The fact that NTCP is a natural bile acid transporter explains the elevation of bile acids with
bulevirtide therapy [36]. Due to its efficacy and safety profile, bulevirtide received conditional approval for
treating chronic HDV infection in Europe in 2020. The EASL Practice Guidelines, 2023, suggest considering
bulevirtide in all patients with chronic HDV and compensated liver disease; however, it notes that the
duration and dose have yet to be defined [8]. Beyond the trials, real-world studies from France, Italy, and
Austria reported excellent virological response rates and safety profiles with bulevirtide administered at
2 mg and 10 mg daily [37-39]. Bulevirtide monotherapy in cirrhosis reportedly reduces the progression to
decompensation and mortality [40]. The off-label use of bulevirtide in patients with decompensated
cirrhosis was associated with similar biochemical and virological responses; however, further data from
randomized trials would be required to confirm these benefits [41].

Ezetimibe is a lipid-lowering drug that acts by inhibiting the Niemann-Pick C1-Like 1 protein
receptors on enterocytes, which are essential for the absorption of luminal cholesterol. Additionally, it
exhibits inhibitory effects on NTCP, the hepatocyte entry receptor for HBV and HDV. Abbas et al. [42]
reported a = 1 log reduction in HDV-RNA with a 12-week course of ezetimibe in a phase II trial. Further
evaluation, with a larger number of subjects, is required to prove the efficacy of ezetimibe in HDV infection.

HDV prenylation inhibitors

Lonafarnib, an orally administered farnesyltransferase inhibitor, is being tested for the treatment of HDV
infection. Prenylation refers to a post-translational modification that involves the covalent addition of lipid
groups to the polypeptide chains, mainly at the C-terminus. Farnesylation is a type of prenylation in which a
farnesyl group is added and catalyzed by the enzyme farnesyltransferase [43]. Prenylation of HDAg is a
critical post-translational modification that facilitates its interaction with HBsAg and the subsequent
release of virions from the hepatocyte. Blockade of prenylation prevents the release of nascent HDV virions
from hepatocytes. Hence, prenylation inhibitors result in a lower circulating viral load and a better
virological response [7]. Phase II trials have yielded a statistically significant reduction in HDV-RNA, with
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no major adverse effects; however, the ALT trends did not differ from those of the placebo [44]. The phase
[II D-LIVR trial evaluated ritonavir-boosted lonafarnib, PEG-IFNa monotherapy, the combination of
ritonavir-boosted lonafarnib with PEG-IFNa, and placebo in patients with compensated liver disease. The
composite endpoint, ALT normalization, and at least a 2-log drop in HDV-RNA at 48 weeks was achieved in
nearly 10% and 20% of the ritonavir-boosted lonafarnib and ritonavir-boosted lonafarnib with PEG-IFNa
arms, respectively [45]. Higher doses of lonafarnib reportedly have higher gastrointestinal disturbances.
Ritonavir boosting allows for lower lonafarnib dosage and, thereby, better tolerability [46].

Nucleic acid polymers (NAPs)

Nucleic acid polymers (NAPs) are amphipathic oligonucleotides with a polyanionic backbone that interact
with the viral envelope proteins, including the HBsAg. After interacting with NAPs, the envelope proteins
fail to bind to host receptors, thereby preventing the virus from entering the cell. Again, the NAPs migrate
into hepatocytes and interact with the nascent HBsAg, preventing the exit of newly formed virions [43].
Furthermore, limited data suggests engagement of HSPG/NTCP by NAPs, further impeding viral entry [47].
REP 2139 is a candidate NAP currently under evaluation for HBV and HBV-HDV coinfections. Reports of
phase II trials, with REP 2139 chelates combined with PEG-IFN, are promising in HBV-HDV coinfection [48,
49]. However, the combination therapy of REP 2139 and PEG-IFN was associated with significant ALT
elevations, requiring further evaluations for its safety [50].

Viral RNA silencers

Viral RNA silencers utilize small interfering RNAs to silence the viral RNA. ALN-HDV belongs to this class of
medications and is currently in preclinical trials for the treatment of HDV [51].

Immune response stimulators

GI-18000, a candidate immune response stimulator, is undergoing preclinical trials for the treatment of
various diseases, including HBD-HDV infections. The proposed mechanism involves the activation of
specific host T-cells to target hepatocytes infected with HBV and HDV [52].

Combination therapies

Combination therapy, utilizing the synergic and complementary effects of multiple HBV/HDV-targeted
medications, should technically offer advantages over monotherapy. Following this principle, numerous
drug combinations have been and are being evaluated in the management of HDV.

NA-IFN/PEG-IFN: Several studies evaluated this combination in HDV infection, with most reporting
futility or clinically irrelevant results. Wedemeyer et al. [53], 2011, evaluated Adefovir and PEF-IFN as
monotherapies and combination therapies in HBV-HDV infection. There was no significant difference in
HDV-RNA negative status at 48 weeks between PEG-IFN and Adefovir-PEG-IFN subgroups [53]. Boyd et al.
[29] failed to demonstrate a clinically relevant response with tenofovir-PEG-IFN therapy. The study by
Wolters et al. [54] was unable to support the use of lamivudine-IFN in HBV-HDV infection. The meta-
analysis by Rong et al. [55] reported no additional benefit in adding NA to IFN preparation.

Bulevirtide-PEG-IFN: Multiple recent trials have reported favorable outcomes when bulevirtide is
combined with PEG-IFN to treat HDV infection. Asselah et al. [56] evaluated the benefits of combination
therapy compared to bulevirtide or PEG-IFN monotherapy. They reported a significantly higher
undetectable status for HDV-RNA at 24- and 48-week post-treatment follow-up. Both 2 mg and 10 mg of
bulevirtide yielded superior results at 24 weeks, but only 10 mg dosage had benefits at 48 weeks [56]. A
meta-analysis of multiple drug combinations in HDV infection reported a combination of bulevirtide and
IFNs to be the most potential treatment option [55]. The results of the French Early Access Program, with
bulevirtide at 2 mg/day, combined with PEG-IFNa at 180 pg/week, estimated HDV virological responses of
84% and 94%, respectively, at 24 weeks and 48 weeks of treatment [37].
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Bulevirtide-NA: In case reports, the bulevirtide-tenofovir combination was associated with improved
liver function and virological response [57]. The MYR202 evaluated different doses of bulevirtide in
combination with tenofovir and tenofovir monotherapy. The trial reported significantly higher levels of
HDV virological response at the end of therapy with all combinations; however, 24 weeks post-treatment,
most patients experienced viral rebound [32]. Hence, the beneficial effects of this combination require
further validation, including for the optimal duration of therapy.

Lonafarnib-IFN/PEG-IFN/NA: A phase II study evaluating the combination of lonafarnib and
lonafarnib-PEG-IFNa reported virological response rates of 46% and 89%, respectively, at 24 weeks of
therapy [58]. The LOWR HDV-1 study reported a better virological response with ritonavir- and lonafarnib
and an even more substantial response with lonafarnib-PEG-IFNa [46]. The phase II LIFT-HDV study
analyzed a combination of PEG-IFNA, ritonavir, and lonafarnib and reported a 77% virological response at
the end of 24 weeks of therapy, as well as a 23% response 24 weeks after the end of treatment [59].

In brief, combination therapies for HDV infection are likely more efficacious than monotherapy owing
to the synergistic effects of medications. The pharmacotherapeutic options for patients with HDV infection
are summarized in Table 1, while Figure 3 depicts the mechanism of action of these medications.

Table 1. Summary of current and potential future pharmacotherapies for HDV infection

Drug Class Route Status Dose Duration
PEG-IFNa [15-21] Immunomodulator Subcutaneous Off-label”  PEG-IFNa-2a: 180 ug/week 48 weeks
PEG-IFNo-2b: 1.5 pg/kg/week

PEG-IFNA [22-25] Immunomodulator Subcutaneous Phase Il 120 or 180 pg/weekly* 48 weeks
Bulevirtide [30—40] NTCP receptor blocker Subcutaneous Approved®® 2 mg daily** Unclear
Lonafarnib [43—46] Prenylation inhibitor Oral Phase llI 50 mg to 200 mg, twice daily* Unclear
REP 2139 [43, 47-50] Nucleic acid polymers Intravenous Phase llI 500 mg weekly* Unclear
ALN-HDV [51] Viral RNA silencers Subcutaneous Phase I Trials ongoing

GI-18000 [52] Immune response stimulators Subcutaneous Phase Il Trials ongoing

* Limited data from trials; °° approved by European Medicines Agency, not US-FDA approved; ** recommended by European
Medicines Agency, higher doses of 5 mg and 10 mg have been evaluated in trials; * recommended off-label in the treatment of
HDV, not formally approved. HDV: hepatitis D virus; IFN: interferon; NTCP: Sodium Taurocholate Co-transporting Polypeptide;
PEG-IFNa: pegylated-IFNa

HDV treatment in special populations

Human immunodeficiency virus (HIV): The management of HDV in patients with HIV is an area of
interest as both infections, at least to some extent, share similar modes of transmission. IFN-based
monotherapies have been utilized in the treatment of HIV-coinfected, non-decompensated liver diseases
with modest response rates. Bulevirtide monotherapy in five patients infected by the HDV-HBV-HIV triad
complicated with cirrhosis and clinically significant portal hypertension was associated with a progressive
reduction in HDV RNA and transaminases, with good tolerance and no detectable drug-to-drug interactions
[60]. de Lédinghen et al. [61] administered bulevirtide, 2 mg, with or without PEG-IFNa in HIV-coinfected
patients. At 44 weeks, 52.6% and 71.4% of patients achieved virological response with monotherapy and
combination therapy, respectively. The regimens were well-tolerated and had no deleterious effects on CD4
counts or HIV viral loads [61]. However, these studies were non-randomized and involved only a small
number of patients; larger, better-designed studies are needed to substantiate the benefits. There is a lack
of data to suggest a role for other novel molecules in the treatment of HDV in people living with HIV
infection.

Decompensated liver diseases: Regardless of etiology, the optimal management of decompensated
liver disease is hepatic transplantation. The use of IFN-based therapies is generally discouraged in such
cases owing to the risk of worsening hepatic function [62]. Bulevirtide, though approved for treatment in
compensated liver disease, has been used off-label in the treatment of decompensated diseases with similar
virological and biochemical response rates [41]. Data are lacking regarding the role of other agents in this
subset of patients. Hepatitis B immunoglobulin and NA is associated with a lower risk of HDV recurrence
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Figure 3. A summary of HDV virology and the current therapeutic targets. The HDV-ribonucleoprotein (HDV-RNP),
enveloped by the HBsAg, interacts with the NTCP on hepatocytes to facilitate hepatocyte entry. Within the hepatocytes, the
HDV utilizes the host enzymes to replicate and transcribe, forming nascent HDV-RNP. Farnesylation of the HDAg on the HDV-
RNP allows it to interact with HBsAg and form nascent virions, which exit the hepatocytes. Bulevirtide and ezetimibe inhibit the
NTCP, thereby preventing viral entry into hepatocytes. Lonafarnib, a farnesyltransferase inhibitor, prevents the prenylation of
HDAg, the assembly of nascent HDV-RNP-HBsAg, and the subsequent release of virions from the cell. IFNs act through the
JAK-STAT pathway, causing the activation of ISREs and ISGs, which results in numerous antiviral effects. The nucleic acid
polymers link to and prevent the HBsAg from enveloping the HDV-RNP, as well as its interaction with NTCP. HBsAg: hepatitis B
surface antigen; HDAg: hepatitis D antigen; HDV: hepatitis D virus; IFN: interferon; JAK-STAT: Janus kinase-signal transducer
and activator of transcription

post-liver transplantation. The European Liver and Intestine Transplantation Association recommends
lifelong combination therapy of immunoglobulin and NA following liver transplant in HDV infected [63].

Pediatric: Currently, there is a dearth of data regarding HDV management in children. Trials from
Greece and Pakistan reported the safety of conventional IFN in children; however, the efficacy was not
encouraging [64, 65]. PEG-IFNs were also employed in the treatment of HDV in the pediatric population;
again, they were not supported by governing bodies or guidelines [66]. The European Medicines Agency
permits the use of bulevirtide at a dose of 2 mg daily for children over three years of age and weighing more
than ten kilograms. However, the safety and efficacy of bulevirtide remain unestablished in individuals
under 18 years of age [67].

Pregnancy: Convention and PEG-IFN are contraindicated, while there is no published literature to
support the use of novel anti-HDV agents during pregnancy. Universal precautions and optimal
management of HBV infection are believed to prevent the other to child transmission of HBV infection [68].

Conclusion

Pharmacotherapy of hepatitis D has been a formidable challenge in hepatology due to its unique virology,
significant disease burden, and limited therapeutic armamentarium. However, recent advances in
molecular virology and immunology have catalyzed the development of targeted therapies, such as
bulevirtide and lonafarnib, which promise to improve patient outcomes. Combination regimens, through
synergistic mechanisms, are poised to become the cornerstone of future HDV management. Despite these
advancements, unmet needs persist for patients with decompensated cirrhosis. Ongoing research and
clinical collaboration will be crucial in achieving sustained virological control and enhancing long-term
outcomes for individuals infected with HDV.

Explor Dig Dis. 2025;4:100573 | https://doi.org/10.37349/edd.2025.100573 Page 8



Abbreviations

AASLD: American Association for the Study of Liver Diseases
ALT: alanine aminotransferase

Anti-LKM-3: anti-liver-kidney-microsomal antibodies

EASL: European Association for the Study of the Liver
HBsAg: hepatitis B surface antigen

HBV: hepatitis B virus

HDAg: hepatitis D antigen

HDV: hepatitis D virus

HDV-RNP: hepatitis D virus-ribonucleoprotein

HIV: human immunodeficiency virus

HSPG: heparan sulfate proteoglycan

[FNa: interferon alfa

JAK-STAT: Janus kinase-signal transducer and activator of transcription
NA: nucleos(t)ide analogues

NAPs: nucleic acid polymers

NTCP: Sodium Taurocholate Co-transporting Polypeptide
PEG-IFNs: pegylated interferons

Declarations
Acknowledgments

During the preparation of this work, Figure 1 was created using OpenAl’s ChatGPT version April 2025. This
tool was utilized to visually communicate a complex concept for which no suitable copyright-free image
was available from conventional sources. After using the tool, the author(s) reviewed and edited the
content as needed and take(s) full responsibility for the content of the publication.

Author contributions

GSZ: Conceptualization, Investigation, Data curation, Writing—original draft. AJ: Investigation, Data
curation, Writing—original draft, Writing—review & editing. Both authors read and approved the
submitted version.

Conflicts of interest

The authors have no conflicts of interest to declare.

Ethical approval
Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Explor Dig Dis. 2025;4:100573 | https://doi.org/10.37349/edd.2025.100573 Page 9



Availability of data and materials

The data analyzed in the preparation of the manuscript is mostly available free of cost over the Internet.
The corresponding author can be contacted for any concerns or clarifications regarding data availability.

Funding

Not applicable.

Copyright
© The Author(s) 2025.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1.  Mentha N, Clément S, Negro F, Alfaiate D. A review on hepatitis D: From virology to new therapies. ]
Adv Res. 2019;17:3-15. [DOI] [PubMed] [PMC]

2. Pan C, Gish R, Jacobson IM, Hu KQ, Wedemeyer H, Martin P. Diagnosis and Management of Hepatitis
Delta Virus Infection. Dig Dis Sci. 2023;68:3237-48. [DOI] [PubMed] [PMC(]

3. John BV, Amoli MM, Evon DM, Wong R, Dahman B. Hepatitis delta testing trends in a US national
cohort: An analysis of patient and provider-level predictive factors. Hepatol Commun. 2024;8:e0401.
[DOI] [PubMed] [PMC(]

4, Wong R], Kaufman HW, Niles JK, Chen C, Yang Z, Kapoor H, et al. Low Performance of Hepatitis Delta
Virus Testing Among 2 National Cohorts of Chronic Hepatitis B Patients in the United States. Am ]
Gastroenterol. 2022;117:2067-70. [DOI] [PubMed]

5. Wong R], Yang Z, Jou JH, John BV, Lim JK, Cheung R. Hepatitis Delta Virus Testing, Prevalence, and
Liver-Related Outcomes Among US Veterans With Chronic Hepatitis B. Gastro Hep Adv. 2024;4:
100575. [DOI] [PubMed] [PMC]

6.  Sellier PO, Maylin S, Brichler S, Bercot B, Lopes A, Chopin D, et al. Hepatitis B Virus-Hepatitis D Virus
mother-to-child co-transmission: A retrospective study in a developed country. Liver Int. 2018;38:
611-8. [DOI] [PubMed]

7.  Abbas Z, Afzal R. Life cycle and pathogenesis of hepatitis D virus: A review. World ] Hepatol. 2013;5:
666-75. [DOI] [PubMed] [PMC(]

8.  European Association for the Study of the Liver. EASL Clinical Practice Guidelines on hepatitis delta
virus. ] Hepatol. 2023;79:433-60. [DOI] [PubMed]

9.  Ahn ], Gish RG. Hepatitis D Virus: A Call to Screening. Gastroenterol Hepatol (N Y). 2014;10:647-86.
[PubMed] [PMC(]

10. Bennett JE, Dolin R, Blaser M]. Mandell, Douglas, and Bennett’s Principles and Practice of Infectious
Diseases. 8th ed. Philadelphia: Elsevier; 2014.

11. Farci P, Niro GA. Clinical features of hepatitis D. Semin Liver Dis. 2012;32:228-36. [DOI] [PubMed]

12. Saracco G, Rosina F, Brunetto MR, Amoroso P, Caredda F, Farci P, et al. Rapidly progressive HBsAg-
positive hepatitis in Italy. The role of hepatitis delta virus infection. ] Hepatol. 1987;5:274-81. [DOI]
[PubMed]

13. Fattovich G, Giustina G, Christensen E, Pantalena M, Zagni |, Realdi G, et al. Influence of hepatitis delta
virus infection on morbidity and mortality in compensated cirrhosis type B. The European Concerted
Action on Viral Hepatitis (Eurohep). Gut. 2000;46:420-6. [DOI] [PubMed] [PMC]

14. Verme G, Brunetto MR, Oliveri F, Baldi M, Forzani B, Piantino P, et al. Role of hepatitis delta virus

infection in hepatocellular carcinoma. Dig Dis Sci. 1991;36:1134-6. [DOI] [PubMed]

Explor Dig Dis. 2025;4:100573 | https://doi.org/10.37349/edd.2025.100573 Page 10


https://dx.doi.org/10.1016/j.jare.2019.03.009
http://www.ncbi.nlm.nih.gov/pubmed/31193285
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6526199
https://dx.doi.org/10.1007/s10620-023-07960-y
http://www.ncbi.nlm.nih.gov/pubmed/37338616
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10374831
https://dx.doi.org/10.1097/HC9.0000000000000401
http://www.ncbi.nlm.nih.gov/pubmed/38619425
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11019823
https://dx.doi.org/10.14309/ajg.0000000000001947
http://www.ncbi.nlm.nih.gov/pubmed/35971233
https://dx.doi.org/10.1016/j.gastha.2024.10.015
http://www.ncbi.nlm.nih.gov/pubmed/39906477
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11791144
https://dx.doi.org/10.1111/liv.13556
http://www.ncbi.nlm.nih.gov/pubmed/28834623
https://dx.doi.org/10.4254/wjh.v5.i12.666
http://www.ncbi.nlm.nih.gov/pubmed/24409335
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3879688
https://dx.doi.org/10.1016/j.jhep.2023.05.001
http://www.ncbi.nlm.nih.gov/pubmed/37364791
http://www.ncbi.nlm.nih.gov/pubmed/27540336
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4988222
https://dx.doi.org/10.1055/s-0032-1323628
http://www.ncbi.nlm.nih.gov/pubmed/22932971
https://dx.doi.org/10.1016/s0168-8278(87)80032-6
http://www.ncbi.nlm.nih.gov/pubmed/3429834
https://dx.doi.org/10.1136/gut.46.3.420
http://www.ncbi.nlm.nih.gov/pubmed/10673308
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1727859
https://dx.doi.org/10.1007/BF01297460
http://www.ncbi.nlm.nih.gov/pubmed/1650690

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Farci P, Mandas A, Coiana A, Lai ME, Desmet V, Van Eyken P, et al. Treatment of chronic hepatitis D
with interferon alfa-2a. N Engl ] Med. 1994;330:88-94. [DOI] [PubMed]

Katze MG, He Y, Gale M Jr. Viruses and interferon: a fight for supremacy. Nat Rev Immunol. 2002;2:
675-87. [DOI] [PubMed]

Zein CO, Zein NN. Advances in therapy for hepatitis C infection. Microbes Infect. 2002;4:1237-46.
[DOI] [PubMed]

Terrault NA, Bzowej NH, Chang KM, Hwang JP, Jonas MM, Murad MH; American Association for the
Study of Liver Diseases. AASLD guidelines for treatment of chronic hepatitis B. Hepatology. 2016;63:
261-83. [DOI] [PubMed] [PMC(]

Farci P, Roskams T, Chessa L, Peddis G, Mazzoleni AP, Scioscia R, et al. Long-term benefit of interferon
alpha therapy of chronic hepatitis D: regression of advanced hepatic fibrosis. Gastroenterology. 2004;
126:1740-9. [DOI] [PubMed]

Sandmann L, Wedemeyer H. Interferon-based treatment of chronic hepatitis D. Liver Int. 2023;43:
69-79. [DOI] [PubMed]

Abdrakhman A, Ashimkhanova A, Almawi WY. Effectiveness of pegylated interferon monotherapy in
the treatment of chronic hepatitis D virus infection: A meta-analysis. Antiviral Res. 2021;185:104995.
[DOI] [PubMed]

Zhang Z, Urban S. New insights into HDV persistence: The role of interferon response and implications
for upcoming novel therapies. ] Hepatol. 2021;74:686-99. [DOI] [PubMed]

Giersch K, Homs M, Volz T, Helbig M, Allweiss L, Lohse AW, et al. Both interferon alpha and lambda
can reduce all intrahepatic HDV infection markers in HBV/HDV infected humanized mice. Sci Rep.
2017;7:3757. [DOI] [PubMed] [PMC]

Etzion O, Hamid S, Lurie Y, Gane EJ], Yardeni D, Duehren S, et al. Treatment of chronic hepatitis D with
peginterferon lambda-the phase 2 LIMT-1 clinical trial. Hepatology. 2023;77:2093-103. [DOI]
[PubMed] [PMC(]

Manalac T. Eiger discontinues phase III hepatitis study due to safety concerns [Internet]. BioSpace;
c1985 - 2025 [cited 2024 Dec 12]. Available from: https://www.biospace.com/eiger-discontinues-pha
se-iii-hepatitis-study-due-to-safety-concerns

Yurdaydin C, Bozkaya H, Giirel S, Tillmann HL, Aslan N, Okcu-Heper A, et al. Famciclovir treatment of
chronic delta hepatitis. ] Hepatol. 2002;37:266-71. [DOI] [PubMed]

Niro GA, Ciancio A, Tillman HL, Lagget M, Olivero A, Perri F, et al. Lamivudine therapy in chronic delta
hepatitis: a multicentre randomized-controlled pilot study. Aliment Pharmacol Ther. 2005;22:227-32.
[DOI] [PubMed]

Kabagam G, Onder FO, Yakut M, Seven G, Karatayli SC, Karatayli E, et al. Entecavir treatment of chronic
hepatitis D. Clin Infect Dis. 2012;55:645-50. [DOI] [PubMed]

Boyd A, Miailhes P, Brichler S, Scholtés C, Maylin S, Delaugerre C, et al. Effect of tenofovir with and
without interferon on hepatitis D virus replication in HIV-hepatitis B virus-hepatitis D virus-infected
patients. AIDS Res Hum Retroviruses. 2013;29:1535-40. [DOI] [PubMed] [PMC(]

Nkongolo S, Hollnberger ], Urban S. Bulevirtide as the first specific agent against hepatitis D virus
infections-mechanism and clinical effect. Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. 2022;65:254-63. German. [DOI] [PubMed] [PMC]

Bogomolov P, Alexandrov A, Voronkova N, Macievich M, Kokina K, Petrachenkova M, et al. Treatment
of chronic hepatitis D with the entry inhibitor myrcludex B: First results of a phase Ib/Ila study. ]
Hepatol. 2016;65:490-8. [DOI] [PubMed]

Wedemeyer H, Schoneweis K, Bogomolov P, Blank A, Voronkova N, Stepanova T, et al. Safety and
efficacy of bulevirtide in combination with tenofovir disoproxil fumarate in patients with hepatitis B
virus and hepatitis D virus coinfection (MYR202): a multicentre, randomised, parallel-group, open-
label, phase 2 trial. Lancet Infect Dis. 2023;23:117-29. [DOI] [PubMed]

Explor Dig Dis. 2025;4:100573 | https://doi.org/10.37349/edd.2025.100573 Page 11


https://dx.doi.org/10.1056/NEJM199401133300202
http://www.ncbi.nlm.nih.gov/pubmed/8259188
https://dx.doi.org/10.1038/nri888
http://www.ncbi.nlm.nih.gov/pubmed/12209136
https://dx.doi.org/10.1016/s1286-4579(02)01651-9
http://www.ncbi.nlm.nih.gov/pubmed/12467765
https://dx.doi.org/10.1002/hep.28156
http://www.ncbi.nlm.nih.gov/pubmed/26566064
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5987259
https://dx.doi.org/10.1053/j.gastro.2004.03.017
http://www.ncbi.nlm.nih.gov/pubmed/15188169
https://dx.doi.org/10.1111/liv.15410
http://www.ncbi.nlm.nih.gov/pubmed/36002390
https://dx.doi.org/10.1016/j.antiviral.2020.104995
http://www.ncbi.nlm.nih.gov/pubmed/33321155
https://dx.doi.org/10.1016/j.jhep.2020.11.032
http://www.ncbi.nlm.nih.gov/pubmed/33276031
https://dx.doi.org/10.1038/s41598-017-03946-9
http://www.ncbi.nlm.nih.gov/pubmed/28623307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5473824
https://dx.doi.org/10.1097/HEP.0000000000000309
http://www.ncbi.nlm.nih.gov/pubmed/36800850
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10187621
https://www.biospace.com/eiger-discontinues-phase-iii-hepatitis-study-due-to-safety-concerns
https://www.biospace.com/eiger-discontinues-phase-iii-hepatitis-study-due-to-safety-concerns
https://dx.doi.org/10.1016/s0168-8278(02)00162-9
http://www.ncbi.nlm.nih.gov/pubmed/12127433
https://dx.doi.org/10.1111/j.1365-2036.2005.02542.x
http://www.ncbi.nlm.nih.gov/pubmed/16091060
https://dx.doi.org/10.1093/cid/cis459
http://www.ncbi.nlm.nih.gov/pubmed/22573857
https://dx.doi.org/10.1089/AID.2013.0008
http://www.ncbi.nlm.nih.gov/pubmed/23972039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3848444
https://dx.doi.org/10.1007/s00103-022-03486-2
http://www.ncbi.nlm.nih.gov/pubmed/35028672
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8813823
https://dx.doi.org/10.1016/j.jhep.2016.04.016
http://www.ncbi.nlm.nih.gov/pubmed/27132170
https://dx.doi.org/10.1016/S1473-3099(22)00318-8
http://www.ncbi.nlm.nih.gov/pubmed/36113537

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Degasperi E, Anolli MP, Uceda Renteria SC, Sambarino D, Borghi M, Perbellini R, et al. Bulevirtide
monotherapy for 48 weeks in patients with HDV-related compensated cirrhosis and clinically
significant portal hypertension. ] Hepatol. 2022;77:1525-31. [DOI] [PubMed]

Wedemeyer H, Aleman S, Brunetto MR, Blank A, Andreone P, Bogomolov P, et al.; MYR 301 Study
Group. A Phase 3, Randomized Trial of Bulevirtide in Chronic Hepatitis D. N Engl ] Med. 2023;389:
22-32.[DOI] [PubMed]

Soriano V, Moreno-Torres V, Trevifio A, Corral O, de Mendoza C. Bulevirtide in the Treatment of
Hepatitis Delta: Drug Discovery, Clinical Development and Place in Therapy. Drug Des Devel Ther.
2023;17:155-66. [DOI] [PubMed] [PMC]

Deterding K, Xu C, Port K, Dietz-Fricke C, Xun ], Maasoumy B, et al. Bile acid increase during
bulevirtide treatment of hepatitis D is not associated with a decline in HDV RNA. ] Viral Hepat. 2023;
30:597-606. [DOI] [PubMed]

de Lédinghen V, Guyader D, Métivier S, Hilleret MN, Fontaine H, Roche B, et al. Safety and efficacy of
2 mg bulevirtide in patients with chronic HBV/HDV co-infection: first real-world results French early
access program. Hepatology. 2021;74:S16A.

Binter T, Jachs M, Hartl L, Aberle S, Zoller H, Aigner E, et al. Efficacy of long-term treatment of chronic
hepatitis D patients with bulevirtide - results of a “real world” study. Hepatology. 2021;74:420A-1A.
Loglio A, Uceda Renteria SC, Sambarino D, Borghi M, Perbellini R, Scholtes C, et al. Early clinical and
virological changes in HDV patients with advanced cirrhosis treated with bulevirtide monotherapy in
a real-life setting. Hepatology. 2021;74:1413A.

Degasperi E, De Silvestri A, Anolli MP, Sambarino D, Borghi M, Perbellini R, et al. Bulevirtide
monotherapy prevents liver decompensation and reduces mortality in patients with HDV-related
cirrhosis: a case control study with propensity score weighted analysis. Dig Liver Dis. 2024;56:531-2.
[DOI]

Dietz-Fricke C, Degasperi E, Jachs M, Maasoumy B, Reiter FP, Geier A, et al. Safety and efficacy of off-
label bulevirtide monotherapy in patients with HDV with decompensated Child-B cirrhosis-A real-
world case series. Hepatology. 2024;80:664-73. [DOI] [PubMed] [PMC(]

Abbas Z, Saad M, Asim M, Abbas M, Samejo SA. The effect of twelve weeks of treatment with ezetimibe
on HDV RNA level in patients with chronic hepatitis D. Turk ] Gastroenterol. 2020;31:136-41. [DOI]
[PubMed] [PMC]

Vogt A, Wohlfart S, Urban S, Mier W. Medical Advances in Hepatitis D Therapy: Molecular Targets. Int ]
Mol Sci. 2022;23:10817. [DOI] [PubMed] [PMC]

Koh C, Canini L, Dahari H, Zhao X, Uprichard SL, Haynes-Williams V, et al. Oral prenylation inhibition
with lonafarnib in chronic hepatitis D infection: a proof-of-concept randomised, double-blind,
placebo-controlled phase 2A trial. Lancet Infect Dis. 2015;15:1167-74. [DOI] [PubMed] [PMC]
Mascolini M. Lonafarnib with ritonavir slows HDV in 48-week placebo trial [Internet]. [Cited 2024 Dec
12]. Available from: https://www.natap.org/2023/EASL/EASL_78.htm#:~:text=Lonafarnib%20Wit
h%?20Ritonavir%Z20Slows%20HDV%20in%2048%2DWeek%20Placebo%20Trial&text=A%20407%?2
Dperson%20placebo%?2Dcontrolled,through%2048%20weeks%20%5B1%5D

Yurdaydin C, Keskin O, Kalkan C, Karakaya F, Caliskan A, Karatayli E, et al. Optimizing lonafarnib
treatment for the management of chronic delta hepatitis: The LOWR HDV-1 study. Hepatology. 2018;
67:1224-36. [DOI] [PubMed]

Beilstein F, Blanchet M, Vaillant A, Sureau C. Nucleic Acid Polymers Are Active against Hepatitis Delta
Virus Infection In Vitro. ] Virol. 2018;92:e01416-17. [DOI] [PubMed] [PMC]

Bazinet M, Pantea V, Cebotarescu V, Cojuhari L, Jimbei P, Anderson M, et al. Persistent Control of
Hepatitis B Virus and Hepatitis Delta Virus Infection Following REP 2139-Ca and Pegylated Interferon
Therapy in Chronic Hepatitis B Virus/Hepatitis Delta Virus Coinfection. Hepatol Commun. 2020;5:
189-202. [DOI] [PubMed] [PMC]

Explor Dig Dis. 2025;4:100573 | https://doi.org/10.37349/edd.2025.100573 Page 12


https://dx.doi.org/10.1016/j.jhep.2022.07.016
http://www.ncbi.nlm.nih.gov/pubmed/35973578
https://dx.doi.org/10.1056/NEJMoa2213429
http://www.ncbi.nlm.nih.gov/pubmed/37345876
https://dx.doi.org/10.2147/DDDT.S379964
http://www.ncbi.nlm.nih.gov/pubmed/36712949
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9875571
https://dx.doi.org/10.1111/jvh.13831
http://www.ncbi.nlm.nih.gov/pubmed/36924318
https://dx.doi.org/10.1016/j.dld.2024.01.047
https://dx.doi.org/10.1097/HEP.0000000000000847
http://www.ncbi.nlm.nih.gov/pubmed/38478755
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11332372
https://dx.doi.org/10.5152/tjg.2020.18846
http://www.ncbi.nlm.nih.gov/pubmed/32141822
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7062136
https://dx.doi.org/10.3390/ijms231810817
http://www.ncbi.nlm.nih.gov/pubmed/36142728
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9506394
https://dx.doi.org/10.1016/S1473-3099(15)00074-2
http://www.ncbi.nlm.nih.gov/pubmed/26189433
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4700535
https://www.natap.org/2023/EASL/EASL_78.htm#:~:text=Lonafarnib%20With%20Ritonavir%20Slows%20HDV%20in%2048%2DWeek%20Placebo%20Trial&text=A%20407%2Dperson%20placebo%2Dcontrolled,through%2048%20weeks%20%5B1%5D
https://www.natap.org/2023/EASL/EASL_78.htm#:~:text=Lonafarnib%20With%20Ritonavir%20Slows%20HDV%20in%2048%2DWeek%20Placebo%20Trial&text=A%20407%2Dperson%20placebo%2Dcontrolled,through%2048%20weeks%20%5B1%5D
https://www.natap.org/2023/EASL/EASL_78.htm#:~:text=Lonafarnib%20With%20Ritonavir%20Slows%20HDV%20in%2048%2DWeek%20Placebo%20Trial&text=A%20407%2Dperson%20placebo%2Dcontrolled,through%2048%20weeks%20%5B1%5D
https://dx.doi.org/10.1002/hep.29658
http://www.ncbi.nlm.nih.gov/pubmed/29152762
https://dx.doi.org/10.1128/JVI.01416-17
http://www.ncbi.nlm.nih.gov/pubmed/29212929
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5790928
https://dx.doi.org/10.1002/hep4.1633
http://www.ncbi.nlm.nih.gov/pubmed/33553968
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7850315

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Bazinet M, Pantea V, Cebotarescu V, Cojuhari L, Jimbei P, Albrecht |, et al. Safety and efficacy of REP
2139 and pegylated interferon alfa-2a for treatment-naive patients with chronic hepatitis B virus and
hepatitis D virus co-infection (REP 301 and REP 301-LTF): a non-randomised, open-label, phase 2
trial. Lancet Gastroenterol Hepatol. 2017;2:877-89. [DOI] [PubMed]

Asif B, Koh C. Hepatitis D virus (HDV): investigational therapeutic agents in clinical trials. Expert Opin
Investig Drugs. 2022;31:905-20. [DOI] [PubMed] [PMC]

alnylam.com [Internet]. Alnylam Pharmaceuticals, Inc; c2025 [cited 2024 Dec 14]. Available from: htt
ps://www.alnylam.com

Hepatitis D Treatment and Clinical Trials: what current treatments are available for hepatitis D?
[Internet]. [Cited 2024 Dec 14]. Available from: https://www.hepb.org/assets/Uploads/HDV-Clinical-
Trial-Fact-Sheet-January-2020.pdf

Wedemeyer H, Yurdaydin C, Dalekos GN, Erhardt A, Cakaloglu Y, Degertekin H, et al.; HIDIT Study
Group. Peginterferon plus adefovir versus either drug alone for hepatitis delta. N Engl ] Med. 2011;
364:322-31. [DOI] [PubMed]

Wolters LM, van Nunen AB, Honkoop P, Vossen AC, Niesters HG, Zondervan PE, et al. Lamivudine-high
dose interferon combination therapy for chronic hepatitis B patients co-infected with the hepatitis D
virus. ] Viral Hepat. 2000;7:428-34. [DOI] [PubMed]

Rong Y, Ju X, Sun P, Wang Y. Comparative effectiveness of seven interventions for chronic hepatitis D:
a systematic review and network meta-analysis of randomized controlled trials. BMC Infect Dis. 2023;
23:726.[DOI] [PubMed] [PMC(]

Asselah T, Chulanov V, Lampertico P, Wedemeyer H, Streinu-Cercel A, Pantea V, et al. Bulevirtide

Combined with Pegylated Interferon for Chronic Hepatitis D. N Engl ] Med. 2024;391:133-43. [DOI]
[PubMed]

Papadopoulos N, Tsibouris P, Braimakis I, Apostolopoulos P. Bulevirtide plus tenofovir disoproxil
fumarate improves liver function in HDV/HBV-related cirrhosis after virological response: A case
report. Gastrointest Disord. 2022;4:277-81. [DOI]

Yurdaydin C, Keskin O, Yurdcu E, Caliskan A, Onem S, Karakaya F, et al. A phase 2 dose-finding study
of lonafarnib and ritonavir with or without interferon alpha for chronic delta hepatitis. Hepatology.
2022;75:1551-65. [DOI] [PubMed]

Eiger announces positive peginterferon lambda-lonafarnib combination end of study results from
phase 2 LIFT HDV study in late-breaker session at The Liver Meeting Digital Experience™ 2020
[Internet]. Cision US Inc; c2025 [cited 2024 Dec 14]. Available from: https://www.prnewswire.com/n
ews-releases/eiger-announces-positive-peginterferon-lambda--lonafarnib-combination-end-of-stud
y-results-from-phase-2-lift-hdv-study-in-late-breaker-session-at-the-liver-meeting-digital-experienc
e-2020-301174515.html

Visco Comandini U, De Santis E, De Maria F, Lionetti R, Taibi C, Montalbano M, et al. “Real world”
efficacy of bulevirtide in HBV/HDV-related cirrhosis including people living with HIV: Results from
the compassionate use programme at INMI Spallanzani in Rome, Italy. HIV Med. 2023;24:1075-82.
[DOI] [PubMed]

de Lédinghen V, Fougerou-Leurent C, Le Pabic E, Pol S, Alfaiate D, Lacombe K, et al.; ANRS HD EP01
BuleDelta study group. Treatment with bulevirtide in HIV-infected patients with chronic hepatitis D:
ANRS HD EPO1 BuleDelta and compassionate cohort. JHEP Rep. 2024;6:101057. [DOI] [PubMed]
[PMC]

Honer Zu Siederdissen C, Cornberg M. Management of HBV and HBV/HDV-Associated Liver Cirrhosis.
Visc Med. 2016;32:86-94. [DOI] [PubMed] [PMC]

Ferenci P, Reiberger T, Stadlbauer V, Zoller H. Transplantation of hepatitis D virus patients: Lifelong
hepatitis B immunoglobulins? Liver Int. 2023;43:96-100. [DOI] [PubMed]

Explor Dig Dis. 2025;4:100573 | https://doi.org/10.37349/edd.2025.100573 Page 13


https://dx.doi.org/10.1016/S2468-1253(17)30288-1
http://www.ncbi.nlm.nih.gov/pubmed/28964701
https://dx.doi.org/10.1080/13543784.2021.1977795
http://www.ncbi.nlm.nih.gov/pubmed/34482769
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11391510
https://www.alnylam.com
https://www.alnylam.com
https://www.hepb.org/assets/Uploads/HDV-Clinical-Trial-Fact-Sheet-January-2020.pdf
https://www.hepb.org/assets/Uploads/HDV-Clinical-Trial-Fact-Sheet-January-2020.pdf
https://dx.doi.org/10.1056/NEJMoa0912696
http://www.ncbi.nlm.nih.gov/pubmed/21268724
https://dx.doi.org/10.1046/j.1365-2893.2000.00254.x
http://www.ncbi.nlm.nih.gov/pubmed/11115054
https://dx.doi.org/10.1186/s12879-023-08718-7
http://www.ncbi.nlm.nih.gov/pubmed/37880598
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10601284
https://dx.doi.org/10.1056/NEJMoa2314134
http://www.ncbi.nlm.nih.gov/pubmed/38842520
https://dx.doi.org/10.3390/gidisord4040026
https://dx.doi.org/10.1002/hep.32259
http://www.ncbi.nlm.nih.gov/pubmed/34860418
https://www.prnewswire.com/news-releases/eiger-announces-positive-peginterferon-lambda--lonafarnib-combination-end-of-study-results-from-phase-2-lift-hdv-study-in-late-breaker-session-at-the-liver-meeting-digital-experience-2020-301174515.html
https://www.prnewswire.com/news-releases/eiger-announces-positive-peginterferon-lambda--lonafarnib-combination-end-of-study-results-from-phase-2-lift-hdv-study-in-late-breaker-session-at-the-liver-meeting-digital-experience-2020-301174515.html
https://www.prnewswire.com/news-releases/eiger-announces-positive-peginterferon-lambda--lonafarnib-combination-end-of-study-results-from-phase-2-lift-hdv-study-in-late-breaker-session-at-the-liver-meeting-digital-experience-2020-301174515.html
https://www.prnewswire.com/news-releases/eiger-announces-positive-peginterferon-lambda--lonafarnib-combination-end-of-study-results-from-phase-2-lift-hdv-study-in-late-breaker-session-at-the-liver-meeting-digital-experience-2020-301174515.html
https://dx.doi.org/10.1111/hiv.13518
http://www.ncbi.nlm.nih.gov/pubmed/37287427
https://dx.doi.org/10.1016/j.jhepr.2024.101057
http://www.ncbi.nlm.nih.gov/pubmed/39045338
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11264178
https://dx.doi.org/10.1159/000445518
http://www.ncbi.nlm.nih.gov/pubmed/27413725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926882
https://dx.doi.org/10.1111/liv.15352
http://www.ncbi.nlm.nih.gov/pubmed/35767373

64.

65.

66.

67.

68.

Dalekos GN, Galanakis E, Zervou E, Tzoufi M, Lapatsanis PD, Tsianos EV. Interferon-alpha treatment of
children with chronic hepatitis D virus infection: the Greek experience. Hepatogastroenterology.
2000;47:1072-6. [PubMed]

Aziz S, Rajper ], Noor-ul-Ain W, Mehnaz A, Masroor M, Chang MH. Interferon-alpha treatment of
children and young adults with chronic hepatitis delta virus (HDV) infection. ] Coll Physicians Surg
Pak. 2011;21:735-40. [PubMed]

Xue MM, Glenn |S, Leung DH. Hepatitis D in Children. ] Pediatr Gastroenterol Nutr. 2015;61:271-81.
[DOI] [PubMed]

Annex [ summary of product characteristics [Internet]. [Cited 2025 Apr 4]. Available from: https://w
ww.ema.europa.eu/en/documents/product-information/hepcludex-epar-product-information_en.pdf
Asafo-Agyei KO, Samant H. Pregnancy and Viral Hepatitis. In: StatPearls. Treasure Island (FL):
StatPearls Publishing; 2025.

Explor Dig Dis. 2025;4:100573 | https://doi.org/10.37349/edd.2025.100573 Page 14


http://www.ncbi.nlm.nih.gov/pubmed/11020882
http://www.ncbi.nlm.nih.gov/pubmed/22166693
https://dx.doi.org/10.1097/MPG.0000000000000859
http://www.ncbi.nlm.nih.gov/pubmed/25988557
https://www.ema.europa.eu/en/documents/product-information/hepcludex-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/hepcludex-epar-product-information_en.pdf

	Abstract
	Keywords
	Introduction
	HDV virology
	Clinical manifestations
	Evolution of HDV treatment
	Pharmacotherapy of HDV
	Interferons
	Nucleos(t)ide analogues (NA)
	HDV entry inhibitor
	HDV prenylation inhibitors
	Nucleic acid polymers (NAPs)
	Viral RNA silencers
	Immune response stimulators
	Combination therapies
	HDV treatment in special populations

	Conclusion
	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

