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Abstract: It has been ten years since the identification of NTCP as the cell surface receptor for HBV and HDV entry into hepatocytes. 
The search for molecules interfering with the binding of NTCP and HBV/HDV led to design bulevirtide (BLV). This large polypeptide 
mimics a region of the pre-S1 HBsAg and blocks viral entry by inhibitory competition. BLV was initially tested in cell cultures, animal 
models and more recently in Phase I–III human trials (called ‘MYRS’). As monotherapy or in combination with peginterferon, BLV is 
well tolerated and exhibits potent antiviral activity. Plasma viremia significantly declines and/or becomes undetectable in more than 
75% of patients treated for >24 weeks. However, serum HBsAg concentrations remain unchanged. No selection of BLV resistance in 
HBV/HDV has been reported in vivo to date. BLV is administered subcutaneously once daily at doses between 2 and 10 mg. BLV 
received conditional approval in Europe in 2020 to treat chronic hepatitis delta. The advent of peginterferon lambda or new specific 
anti-HDV antivirals (lonafarnib, etc.) will open the door for combination therapies with BLV. Since there is no stable reservoir for 
HDV-RNA within infected hepatocytes, viral clearance might be achieved using antivirals for a minimum timeframe. This is what 
happens in hepatitis C combining several antivirals, curing nearly all patients treated for 3 months. Clearance of HDV-RNA genomes 
may occur despite HBV persistence as cccDNA or chromosome integrated HBV-DNA within hepatocytes. This is supported by cases 
of HDV elimination using BLV despite persistence of serum HBsAg. Another path for HDV cure will derive from achieving HBsAg 
clearance, the goal of new promising anti-HBV gene therapies (bepirovirsen, etc.). In summary, the advent of BLV has triggered 
a renovated interest for antiviral therapy in hepatitis delta. We envision combination therapies that will lead to HDV cure in the near 
future. 
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Introduction
Hepatitis D virus (HDV) infection causes the most severe forms of both acute and chronic viral hepatitis. Approximately 
12–15 million people are chronically infected with HDV worldwide.1 HDV is a small defective virus that only produces 
human infection along with the hepatitis B virus (HBV). HDV requires HBV-encoded envelope proteins for dissemina
tion and de novo cell entry. However, it can also spread by cell division of infected hepatocytes in carriers.2,3 HDV 
replicates its 1.7 kb circular single-stranded RNA genome in the nucleus of hepatocytes using a human polymerase.4

Simultaneous exposure to HBV and HDV (co-infection) mostly occurs in young persons and frequently produces 
icteric acute hepatitis. Fulminant hepatitis may occur rarely,5 resolving most acute episodes without progressing to 
chronicity. In contrast, HDV super-infection may occur anytime in chronic hepatitis B patients; then HDV uniformly 
establishes persistence.6,7 Chronic hepatitis delta is characterized by accelerated course to cirrhosis and more frequent 
development of liver cancer.8 No specific antivirals to treat hepatitis delta existed until recently. Interferon alfa has been 
used for decades, but poor drug tolerance and low efficacy have discouraged its broader use.4,9
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The small HDV does not codify for any replication enzyme, as do other RNA viruses such as hepatitis C or HIV, for 
which drugs targeting viral enzymes (ie, polymerases and proteases) have successfully been developed. Therefore, the 
search for antivirals against HDV has been an important challenge. A few host proteins have been identified as potential 
antiviral targets. Indeed, it has been ten years since the identification of NTCP as the receptor for both HBV and HDV 
entry into hepatocytes.10

Drug Discovery
The search for molecules that interfere with the binding of NTCP and HBV/HDV led to design bulevirtide (BLV), 
formerly known as myrcludex-B, by researchers at the University of Heidelberg, Germany.11 It is a very large lipopeptide 
comprising 47 amino acids in its sequence and a myristoylation at the N-terminus. BLV mimics a region of the pre-S1 
hepatitis B surface antigen (HBsAg) and blocks viral entry by inhibitory competition. Figure 1 shows the viral replication 
cycle for HDV and other hepatitis viruses.

Drug Development
In vitro experiments using hepatoma cell lines and studies in animal models demonstrated the efficacy of BLV, producing 
rapid and significant declines in HDV-RNA.12,13 After the release of new NIH regulations restricting the use of 
chimpanzees on experiments, studies using chimeric small animals with hepatocytes expressing the NTCP receptor 
have provided helpful models.14,15

Clinical Development: The MYR Trials
Phase 1 trials in humans testing BLV started in 2015. One of these trials confirmed a good safety profile of BLV 
subcutaneously at multiple doses up to 10 mg daily in 36 healthy volunteers.16 The drug was well tolerated, and no 
serious adverse events representing off-target effects nor immunogenic reactions were observed up to the highest applied 
dose of 20 mg intravenously. BLV showed dose-dependent pharmacokinetics, best described by a 2-compartment target- 
mediated drug disposition model. Furthermore, the bioavailability of the subcutaneous administration was large (85%) 
and interindividual variability was moderate. Overall, BLV pharmacokinetics showed that subcutaneous doses of 10 mg 
and above reached a target saturation >80% for at least 15 h.16,17

Figure 1 Major differences in the replication of hepatitis viruses. 
Abbreviations: NTCP, sodium taurocholate co-transporter polypeptide; Pol, human RNA polymerase II.
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Further Phase II–III human studies were conducted testing the safety and efficacy of BLV as monotherapy or in 
combination with tenofovir and/or pegylated interferon α-2a (pegIFN). These studies are known as the “MYR” trials, 
acknowledging that the drug was formerly named myrcludex-B. Table 1 summarizes the main features of these studies.

The MYR-201 trial was a phase Ib/II study that tested BLV safety and efficacy at doses of 2 mg sc/day.18 It was the 
first proof-of-concept for BLV efficacy in humans infected with HDV. A total of 24 patients with chronic hepatitis delta 
were randomized into 3 arms: i) BLV monotherapy followed by pegIFN for 48 weeks, ii) BLV combined with pegIFN 
for 24 weeks followed by pegIFN monotherapy for 24 weeks, and iii) pegIFN monotherapy for 48 weeks. While ALT 
normalized in 75% of patients, there was no significant decline in serum HBsAg in any arm. Serum HDV-RNA declined 
in all patients treated with BLV. The combination of pegIFN and BLV resulted in undetectable HDV-RNA at the end-of- 
therapy (EOT) in 5 of 7 patients. Side effects included asymptomatic serum bile acid elevations and mild hematologic 
abnormalities. The results supported an enhanced antiviral effect adding BLV to pegIFN.

In the multicentre Phase II MYR-202 study, 118 tenofovir-treated patients were randomized to different BLV doses 
(2, 5 or 10 mg/day) or tenofovir monotherapy for 24 weeks followed by 24 weeks of tenofovir alone.19 Approximately 
half of patients had baseline compensated cirrhosis. A dose-dependent reduction in HDV-RNA and ALT was noticed. In 
contrast, HBsAg titers did not change under BLV therapy. The virological response at EOT was 50%, 44% and 73% in 
groups treated with BLV at doses of 2, 5 and 10 mg. However, all relapsed within the next 6 months.

The MYR-203 trial was a multicenter, open-label randomized study that examined the efficacy and safety of BLV as 
monotherapy or in combination with pegIFN or tenofovir.20 Initially, 60 patients with chronic hepatitis delta were 
randomized into 4 treatment arms to receive pegIFN monotherapy, BLV 2 mg monotherapy, BLV 2 mg plus pegIFN, or 
BLV 5 mg plus pegIFN, for 48 weeks with additional 24 weeks of follow-up. The primary endpoint was undetectable 
HDV-RNA at week 72. A good tolerability profile was noticed for BLV, regardless dosing. Serum HDV-RNA declined in 

Table 1 Bulevirtide (“MYR”) Clinical Trials

MYR-20118 MYR-20219 MYR-20320 MYR-20421,22 MYR-30123

No. patients 24 118 90 175 150

Drugs BLV + pegIFN BLV + tenofovir BLV + pegIFN BLV + pegIFN BLV + pegIFN ± 

tenofovir

Design Dosing & Safety BLV dose finding Comparison mono vs 

combo

Comparison mono vs 

combo

Comparison mono 

vs combo

Treatment length (weeks) 24 24 48 96 240

Arms 3 4 4+2 4 3

Mean age (years) 40 36 41 42

Male sex (%) 67 63 71 57

White race (%) 86 98 87 83

Cirrhosis (%) 50 17 34 47

Mean ALT (IU/mL) 116 119 114 111

Mean HDV-RNA (IU/mL) 5.3 5.6 5.3 5.0

Mean HBsAg (IU/mL) 3.9 4.1 3.7 3.7

EOT or latest interim analysis (undetectable 

HDV-RNA)

5/7 2 mg: 14/28 (50%) 

5 mg: 14/32 (44%) 

10 mg: 22/30 (73%)

5 mg: 8/15 (53%) 

10 mg: 4/15 (33%)

2 mg: 24% 

10 mg: 34%

Control: 0% 

2 mg: 6% 

10 mg: 8%

SVR 0 4/15 (33%) 

0/15

Abbreviations: EOT, end-of-treatment; SVR, sustained virological response; BLV, bulevirtide; pegIFN, pegylated interferon alpha.
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all treatment arms, but undetectable HDV-RNA at week 72 was seen in only the low-dose BLV+pegIFN (8/15 patients) 
and high-dose BLV+pegIFN (4/15 patients) groups. While neither pegIFN or BLV monotherapies resulted in significant 
HBsAg declines, HBsAg loss occurred in 3/15 patients in the low-dose BLV+pegIFN arm at week 48, and unexpectedly 
in 4/15 patients at week 72. ALT normalization was more frequent in patients receiving BLV monotherapy. Hepatic 
fibrosis went down in 4/8 paired biopsies in patients on BLV monotherapy. Reductions in necroinflammation were 
noticed in 6/8 patients. Given the evidence of functional HBV cure alongside sustained HDV-RNA suppression, the 
MYR-203 trial was the first to demonstrate the curative potential of BLV in combination with pegIFN for hepatitis delta.

The MYR-204 trial is a multicenter randomized Phase 2b study that examines the safety of BLV with or without 
pegIFN over 48 weeks.21,22 It includes monotherapy arms, along with 2 and 10 mg dose arms of BLV. The primary 
endpoint was defined as undetectable HDV-RNA at week 24 of treatment. EOT response was 13%, 24%, 34% and 4% in 
the pegIFN monotherapy, 2 mg BLV+pegIFN, 10 mg BLV+pegIFN, and BLV 10 mg monotherapy arms, respectively. 
While BLV alone produced the highest rate of ALT normalization, the combination therapy arms and BLV 10 mg 
monotherapy resulted in higher rates of HDV-RNA decline.

The MYR-301 trial is the first multicenter randomized, Phase 3 study testing BLV.23 The trial assesses the efficacy 
and safety of delayed BLV therapy compared to 2 mg or 10 mg daily dosing. A total of 150 patients with chronic 
hepatitis delta were randomized into 3 arms: i) controls (10 mg BLV for 48 weeks after 48 weeks no treatment), ii) BLV 
2 mg (144 weeks followed by 96 weeks off-treatment), iii) BLV 10 mg (144 weeks followed by 96 weeks off treatment). 
All patients were followed for 240 weeks. Undetectable HDV-RNA at week 48 was achieved in 0%, 6% and 8% of 
patients, respectively. Similar to MYR-202, there was no clear dose effect of BLV. Furthermore, HBsAg levels did not 
change with BLV monotherapy.

End-Points for HDV Therapies
To date, the combination of a >2 log decline in HDV-RNA and ALT normalization (combined response) has been used as 
a primary endpoint in most clinical studies. However, a significant viral load decline without reaching undetectability 
should better be considered a partial virologic response to BLV, only being complete when there is a sustained HDV- 
RNA clearance. The interpretation of persistent elimination should only be applied when HDV-RNA undetectability is 
seen for at least 24 weeks (SVR24). On the other hand, ALT is an unreliable marker of liver damage in this population. 
Firstly, HBV may still cause hepatic harm after removal of HDV. Secondly, some HDV patients with advanced chronic 
liver disease may depict ALT values within the normal range.24

Given the dependence of HDV for HBsAg, some authors have defended that HDV cure would ultimately depends on 
clearing circulating HBsAg. However, some patients treated for HDV have kept on undetectable HDV-RNA for long 
periods (years) without eliminating HBsAg. Certainly, others have experienced late relapses. Thus, the term sustained 
virological response (used for HCV infection) should be avoided for HDV. Instead, the durable response would be more 
appropriate (when HDV RNA remains undetectable).25 On the other hand, there are two different situations for HBsAg 
elimination, known as HBsAg seroreversion, meaning clearance of circulating HBsAg without developing anti-HBs; and 
HBsAg seroconversion, referring to development of anti-HBs along with disappearance of circulating HBsAg.

European Post-Approval Studies
Outside clinical trials, experiences using BLV at distinct European countries have been released following BLV 
conditional approval on July 2020. Table 2 records the main findings in these real-world studies.

France
The early access program for BLV in France began in late 2019. Results for the first 146 patients were recently 
reported.26,27 Overall, 77 patients received BLV 2 mg/day monotherapy and 56 BLV 2 mg/day plus PegIFN over 12 
months. Most patients were men (70%), mean age 41 years, and 64% had advanced fibrosis or cirrhosis. At 48 weeks, 
39% and 85% of patients, respectively, achieved undetectable HDV-RNA. ALT normalized in 49% and 36%, respec
tively. Mild side effects (headache, asthenia, etc.) were reported in patients treated with BLV but none discontinued 
treatment due to adverse events. Almost all patients showed asymptomatic increases of bile acids. This first real-world 
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cohort showed that daily BLV 2 mg monotherapy or combined with pegIFN was well tolerated over 12 months. 
Significant antiviral responses were noticed in real-life, confirming the results from the MYR clinical trials.

BuleDelta
BuleDelta is an ongoing observational study planned to recruit 400 patients with chronic hepatitis delta treated with BLV, 
under the auspices of the French early access program. Until May 2022, the cohort had been enrolled 173 patients (69% 
males; mean age 41 years-old; 46% sub-Saharan Africans; 55% cirrhosis).28 BLV had been given for a mean of 16 
months, in 41% associated with pegIFN. In a preliminary analysis, HDV-RNA was undetectable in 23/115 patients at 
week 24 (44% of those with BLV plus pegIFN vs 8% of those on BLV monotherapy). Severe adverse events occurred in 
22% of patients (nearly half represented by bile acid elevations).

Italy
The results from a single center were reported for 18 patients with hepatitis delta and compensated cirrhosis, all with 
portal hypertension and/or liver cancer.29,30 At 24 weeks of BLV 2 mg/day monotherapy, 83% of patients achieved 
negative HDV-RNA or >2 log IU/mL reductions. However, 11% of patients show virological non-response, defined as <1 
log IU/mL decline at week 24. HBsAg levels did not change significantly. In this difficult-to-treat population, BLV was 
well tolerated with only asymptomatic increases of bile acids.

Austria
Results recorded from 15 patients (mean age, 50 years-old; 9 with compensated cirrhosis) that received BLV have been 
released.31 During BLV monotherapy, 4 achieved undetectable viremia. HBsAg levels did not change significantly. Bile 
acid levels increased but there was no pruritus. BLV was discontinued in two patients with undetectable HDV-RNA 
treated for more than 6 months. One persisted with undetectable viremia at least for 20 weeks off therapy. The second 
experienced viral rebound.

Germany
Data were reported for 8 patients with chronic hepatitis delta, all being treated with nucleos(t)ide analogues, that were 
treated with BLV 2 mg/day for 16 weeks.32 Mean HDV-RNA levels dropped by 0.5 log IU/mL. BLV was discontinued in 

Table 2 Bulevirtide Real-World Studies

French26,27 BuleDelta28 Italian29,30 Austrian31 German32

No. 146 173 18 15 8

Drugs BLV + pegIFN BLV ± pegIFN BLV monotherapy BLV + pegIFN BLV + 

tenofovir

Treatment length (weeks) 48 48 >48

Arms Mono (57) Mono (59%)
Combo (61) Combo (41%)

Mean age (years) 41 41 50 50

Male sex (%) 68 69

Cirrhosis (%) 63 55 All 9

EOT or latest interim analysis 

(undetectable HDV-RNA)

Mono 32% Mono: 8% 83% undetectable 

or >2 log drop

2 0.5 log drop
Combo 70% Combo: 44%

SVR 20% 1

Abbreviations: EOT, end-of-treatment; SVR, sustained virological response; BLV, bulevirtide; pegIFN, pegylated interferon alpha.
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1 patient who did not show significant ALT or HDV-RNA responses. No side effects apart from asymptomatic elevations 
of bile acids were reported.

More recently, clinical experiences and anecdotal observations have appeared that provide new insights into the 
spectrum of clinical responses to BLV.33,34 A German study of 7 patients with compensated HDV cirrhosis showed that 
BLV 2 mg plus tenofovir provided virological response in most patients. However, one experienced viral breakthrough at 
week 48 for unclear reasons.35 Similarly, another patient from France experienced viral rebound after initial response to 
BLV plus pegIFN, although interferon dosing had to be reduced due to poor tolerance.36

As shown in Box 1, a subset of patients seems to be primarily resistant to BLV. Others respond initially but exhibit 
viral breakthrough under BLV, perhaps due to the development of an adaptive immune response to the drug. A third 
group responds to BLV and even achieves undetectable viremia under prolonged treatment but relapses upon drug 
discontinuation. Finally, a group of BLV treated patients suppress viremia on treatment and keep undetectable viral 
replication after stopping the drug. Some of the latest HDV cured patients show HBsAg seroreversion or seroconversion, 
whereas the majority remain positive for HBsAg.  

Box 1 Spectrum of Responses to Bulevirtide

1. Primary non-response 

2. Transient response (breakthrough on therapy) 
3. Sustained response under therapy and relapse upon drug discontinuation 

4. Sustained response off therapy (HDV cure)

Abbreviation: HDV, hepatitis delta virus.

Long-Term BLV Monotherapy
Anecdotal cases of BLV monotherapy have been released. In two patients with compensated cirrhosis, ALT normalization 
occurred before 6 months and both achieved undetectable HDV-RNA before 1 year. Responses persisted for over 3 years, 
even after reducing BLV dosing from 10 to 5 and 2 mg/day.37 In one of the patients, with compensated cirrhosis and portal 
hypertension, esophageal varices disappeared, histological damage ameliorated, and platelets and albumin levels signifi
cantly improved. Overall, BLV was well tolerated, with a clinically silent dose-dependent increase of total bile acids.

Patient-Reported Outcomes Under BLV
An exploratory analysis using the EuroQol 5D visual analog scale (EQ-5D VAS) scores was conducted in patients with 
chronic hepatitis delta enrolled in the phase MYR-301 trial.38 A total of 150 patients were assigned to three arms (BLV 
2 mg or 10 mg or controls). The EQ-5D VAS is a self-completed rating of the patients’ health state (or quality of life) 
with a range of 0–100 (100 = Best health state). The quality-of-life analysis was based on EQ-5D VAS scores at baseline 
and week 48. Baseline characteristics were well balanced. Patients treated with BLV 2 mg reported statistically 
significant improvement in quality of life at week 48 and also showed statistically significantly better EQ-5D VAS 
change from baseline scores as compared to controls. BLV 10 mg EQ-5D VAS scores did not reach the statistical 
significance levels at week 48. There were similar improvement trends among patients with and without cirrhosis.

Histological Response to BLV
First acknowledged virological and biochemical responses to BLV should provide histological and clinical benefits to be 
considered as therapeutic. Paired liver biopsies were collected at baseline and at week 48 from 79 patients enrolled in the 
Phase III clinical trial MYR-301.39

At week 48, intrahepatic HDV-RNA strongly declined with median reductions from baseline of 2.2 log IU/mL in the 
BLV 2 mg group (n = 21) and 2.5 log IU/mL in the BLV 10 mg group (n = 27), with undetectable HDV-RNA in 33% and 
52% of cases, respectively. Intrahepatic HDV-RNA levels did not change in untreated controls.
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The number of HDAg+ cells significantly decreased in patients treated with BLV, with strong correlations with serum 
HDV-RNA levels. Transcriptional levels of several inflammatory chemokines (eg, CXCL10) and interferon-stimulated 
genes (eg, ISG15) simultaneously declined. Importantly, these reductions strongly correlated with HDV-RNA declines, 
suggesting that HDV replication is the major driver of intrahepatic damage. By contrast, BLV treatment did not reduce 
intrahepatic HBV-DNA or HBV-RNA levels, further confirming that BLV does not influence long-term HBV-infected 
cells. This result is noteworthy given that most patients in the MYR-301 trial received nucleos(t)ide analogues as HBV 
treatment.23

BLV Resistance
In the MYR-204 trial, virological non-response (HDV-RNA decline <1 log IU/mL at week 24 of treatment) was 
recognized in 5 patients treated with BLV.20,21 Alike, there were 15 patients in the MYR-301 trial.23 Drug susceptibility 
studies were carried out in vitro on samples from 3 and 13 of these patients, respectively.40 No differences in BLV 
susceptibility were recognized comparing baseline and week 24 specimens. Furthermore, plasma concentration of BLV 
was recognized in all cases, exceeding the in vitro EC50 by more than 2-fold. These results point out that virological non- 
response to BLV is a real phenomenon, occurring in roughly 10–20% of patients; it does not seem to result from the 
selection of HDV resistance.

BLV Safety
Both phase II–III clinical trials and real-world studies have provided strong confidence about the good tolerability of 
BLV. The MYR-202 trial reported safety data for 24 weeks of BLV 2, 5 and 10 mg monotherapy.18 Likewise, the MYR- 
203 study reported tolerance for 48 weeks of BLV 2 and 10 mg monotherapy.20 There was no recording of serious 
adverse events nor side effects leading to drug discontinuation.

Mild symptoms/signs such as fatigue, nausea, headache, dizziness, leukopenia and thrombocytopenia occurred in 
5%–8% of patients. In the MYR-301 study, injection site reactions were recorded by 6% and 26% of patients, treated 
with BLV 2 mg and 10 mg, respectively.23 Local skin reactions were generally mild and short lasting.

A dose-dependent increase of bile acids was uniformly reported across studies, but increases were generally 
asymptomatic. Upon BLV discontinuation, bile acids returned to baseline values.

In the MYR-202 trial, relapses in serum HDV-RNA upon BLV discontinuation were generally associated with 
moderate ALT flares, none with clinical consequences.18 Of note, favourable safety outcomes were noticed in the subset 
of patients with advanced compensated cirrhosis.19 In patients that combined BLV with pegIFN, side effects were 
generally those usually associated with the latest. In the MYR-204 trial, the rate of any treatment-emergent grade 3 or 4 
adverse events was greater in patients treated with pegIFN than in those receiving BLV monotherapy.21,22

A recent pooled safety analysis of BLV treated patients was performed using data from the phase II MYR-203 and 
MYR-204 along with phase III MYR-301 trials.41 A total of 179 patients treated with BLV were examined. By week 48, 
the overall incidence of participants experiencing adverse events was 86% in both BLV 2 mg and 10 mg groups 
compared to rates of 90% in the pegIFN group. No serious adverse events potentially related to BLV were recorded and 
none led to BLV discontinuation. Asymptomatic dose-dependent increases in serum bile acids were frequent.

Despite the favorable experience in the MYR studies, two cases of immediate-type hypersensitivity reactions and allergic 
skin reaction were recently reported in patients treated with BLV.42,43 Anyway, both were able to continue BLV treatment.

Future Prospects
Given the strong dependency of HDV from HBV, it has been claimed that any curative strategy for hepatitis delta will 
require a simultaneous “eradication” of HBV24,44 or at least disappearance of HBsAg from the bloodstream. However, 
the experience collected to date support that sustained clearance of HDV-RNA despite persistence of serum HBsAg may 
occur using pegIFN alone or in combination with BLV or lonafarnib. Anyway, the high rate of HBsAg loss observed in 4 
out of 15 HDV/HBV-coinfected patients in the MYR-203 phase 2 trial20 is hard to explain and should not be general
izable. More rarely, HBsAg seroreversion or seroconversion may be seen using pegIFN but almost never with BLV 
monotherapy.
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The achievement of HDV cure might hypothetically be obtained using two therapeutic strategies, one focused on 
HBsAg clearance and another pursuing dual HBV and HDV replication blocking. In the first group will be the new 
promising anti-HBV gene therapies, such as bepirovirsen,45 AT-2173, VIR-2218, JNJ-3989, REP-2139, etc.46 In 
the second group will be agents with dual anti-HBV and anti-HDV activity, such as pegIFN or BLV (Table 3). Adding 
specific anti-HDV agents, such as lonafarnib, will hypothetically enhance the chances of HDV-RNA clearance. 
Lonafarnib inhibits the host enzyme farnesyl-transferase which is required for modifying the delta antigen precursor 
and promote viral assembly. Blocking the latest step of the HDV life cycle with lonafarnib might provide a synergistic 
effect with BLV.47

Late HDV-RNA relapses off therapy may occur after sustained virological responses, defined as HDV-RNA clearance 
24 weeks after treatment completion. In a retrospective analysis of the HIDIT-1 trial that tested adefovir plus pegIFN in 
chronic hepatitis delta patients, 9/16 with undetectable HDV-RNA 24 weeks after the end of therapy, experienced viral 
rebound during a 5-year follow-up.48,49 Likewise, late relapses were recognized in the HIDIT-II trial that tested tenofovir 
plus pegIFN.50 In both studies, however, a few patients sustained undetectable serum HDV-RNA indefinitely, occasion
ally despite remaining positive for HBsAg.

Outside clinical trials, deferred HDV-RNA rebounds have been seen in other studies, mostly using pegIFN mono
therapy. In a long-term follow-up conducted at one single centre in Belgium, SVR24 was seen in 12/23 (52%) of patients 
treated with pegIFN. However, 4 relapsed later within 3 years. Hence, definitive SVR was seen in only 8/23 (35%).51 

Therefore, undetectable HDV-RNA at SVR24 may not represent true HDV clearance and longer-term follow-up could be 
required. Hence, some authors defend that the ideal endpoint for HDV cure should be HBsAg loss. Since HDV needs 
HBsAg as its envelope for entry into hepatocytes, only a “functional cure” of chronic hepatitis B will ensure a sustained 
stop of HDV replication.

The reasons why deferred viral rebounds may occur in hepatitis delta should discharge false-negative HDV-RNA 
results when a low sensitivity assay is used.52 Alternatively, significant HDV-RNA fluctuations could be more frequent in 
HDV carriers than in other chronic viral infections.6 Finally, spontaneous HDV clearance has been noticed occasionally, 
often accompanying episodes of immune imbalance or immune restoration.53

At the MYR-202 trial, the combination of BLV plus tenofovir did not modify serum HBsAg concentrations.18 Thus, 
a rebound in serum HDV-RNA upon BLV discontinuation was expected. Rather than extending treatment duration, for 
achieving HDV elimination, adding new anti-HDV agents seems to be the path for success. A promising drug, lonafarnib, 
is completing phase 3 trials as HDV therapy.54,55 It specifically blocks the assembly of HDV virions within hepatocytes. 
Peginterferon lambda is another antiviral drug currently been tested in phase 3 studies as hepatitis D therapy.56

Since there is no stable cell reservoir for the HDV-RNA genome, viral clearance might hypothetically be achieved if 
complete blocking of viral replication occurs using antivirals for a minimum timeframe.57 The combination of several 
specific anti-HDV agents will be required. This is what happens in hepatitis C combining direct-acting antivirals, with 
cure of nearly all patients treated for 3 months. At this time, the dynamics of HDV and infected hepatocytes have 
estimated a half-life for viral particles of 1.3 days,58 which is somewhat longer than for HBV and HCV (Table 4).

Table 3 Hepatitis Delta Cure Modalities

Spontaneous Treatment-Guided

1. Isolated HDV-RNA clearance, with 
persistence of HBsAg+

● Natural history ● Peginterferon
● Bulevirtide
● Lonafarnib

2. HDV-RNA loss along with HBsAg 

seroreversion or seroconversion (functional 

hepatitis B cure)

● Cross-immunity following distinct 
hepatic insults

● Immune reconstitution syndromes 

(HIV on HAART, removal of immuno
suppressants, etc.)

● Peginterferon-⍺
● HBV gene therapies (bepirovirsen, etc.)
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Hepatitis delta is a unique condition, and clearance of HDV-RNA genomes might occur despite HBV persistence as 
cccDNA or integrated HBV-DNA within hepatocytes (Figure 1). Supporting this concept are cases of HDV elimination 
despite persistence of serum HBsAg following treatment with BLV or lonafarnib generally along with 
pegIFN.20,28,59–61

Although the extent of HDV genetic variability has been considered a potential caveat as a source of differences in 
susceptibility among distinct HDV genotypes,62 more recent findings do not support this concern.60 Indeed, BLV 
susceptibility seems to be quite similar across all eight HDV genotypes.63

Conclusion
Investigations about the mechanism of viral entry for HBV and HDV led to the identification of NTCP as the hepatocyte 
cell surface receptor. The synthesis of a modified peptide that mimics the HBsAg pre-S1 region led to produce 
myrcludex, a potent inhibitory competitor of HBV/HDV entry. The drug has been developed clinically as BLV. Phase 
II/III trials have demonstrated its potent antiviral activity along with good safety profile.64 Significant reductions in serum 
HDV-RNA are seen in most but not all patients at 24–48 weeks. However, there is no effect on serum HBsAg levels. In 
combination with pegIFN, a synergistic effect is seen with BLV. However, viral rebound occurs in most patients upon 
drug discontinuation.

Rare cases of hypersensitivity reactions have been reported using BLV. In some real-world studies, the addition of 
pegIFN and/or using higher BLV doses have resulted in greater virological response rates. The market authorization has 
only been obtained for the 2 mg/day dose of BLV. The optimal dose as monotherapy (2 vs 10 mg per day), the duration of 
therapy, stopping rules, and long-term results after stopping BLV treatment should be better characterized.

The advent of new specific HDV antivirals, such as lonafarnib, will allow to explore the efficacy of combination 
therapy for hepatitis delta. Given the biological mechanisms of viral persistence within infected cells, attempts to 
eradicate HDV and cure hepatitis delta should be explored. The combination of several antiviral drugs most likely will 
be needed. At this time, cocktails with BLV, lonafarnib, pegIFN and/or tenofovir are being investigated in vitro and in 
animal models. Alike in the treatment of hepatitis C, we envision that combination therapies for a limited time frame (ie, 
3–6 months) will cure hepatitis delta.56

Abbreviations
BLV, bulevirtide; HBV, hepatitis B virus; HDV, hepatitis delta virus; HCV, hepatitis C virus; LNF, lonafarnib.
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The data supporting the findings of the article are all available upon request.
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Table 4 Estimated Half-Life 
of Virions

Virus Half-Life

HIV 30 minutes

HCV 2.7 hours

HBV 4 hours

HDV 1.3 days

Abbreviations: HIV, human immu
nodeficiency virus; HCV, hepatitis 
C virus; HBV, hepatitis B virus; HDV, 
hepatitis D virus.
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