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Hepatitis D Virus 

• A unique virus – similar to “satellite viroids” in plants

• 15-60 million infected people worldwide

• 5-10% infection rate in people with chronic hepatitis B

• Single stranded RNA genome

• Codes for only one protein (HDV antigen)

• “Defective” – needs HBV to express its coat protein (HBsAg)

• Can coinfect with HBV de novo or superinfect chronic HBV carriers

• Most patients with chronic HDV are HBeAg-negative and have low HBV DNA levels

• Highly pathogenic – high risk of progressive fibrosis, cirrhosis and hepatocellular 
carcinoma

• Interferon has been only treatment for many years: limited efficacy

• New drugs offer promise





Dr. Mario Rizzetto – The Discoverer of HDV



The First Paper Describing “Delta”









Global Distribution of HDV Infection Among HBsAg Carriers



Hepatitis D Virus: Global Prevalence
Not All Estimates Agree

Stockdale AJ et al, J Hepatology 2020;73:523-32



Prevalence and Burden of Hepatitis D Virus Infection in the Global 
Population: A Systematic Review and Meta-Analysis 

• Search of PubMed, Embase, Cochrane Library and China Knowledge Resource 
Integrated databases from 1 January 1977 to 31 December 2016. 

• Analysis of 40 million individuals to estimate the prevalence of HDV by using Der-
Simonian Laird random-effects model. 

• 182 articles from 61 countries and regions met the final inclusion criteria 
• Overall prevalence of HDV was 0.98% (95% CI 0.61 to 1.42). 
• In HBsAg-positive population, HDV pooled prevalence was 14.6% (95% CI 12.93 to 

16.27)
• Seroprevalence 10.6% in mixed population without risk factors of intravenous 

drug use (IVDU) and high-risk sexual behaviour (HRSB)
• 38% in the IVDU population 
• 17% in HRSB population.

Chen HY et al, Hepatology 2019
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Risk Factors for Delta Hepatitis in a North American Cohort: Who Should be Screened?

Da B et al, American J Gastroenterology 2021;116:206-209
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• 3,373 patients tested for HBsAg

• 652 HBsAg+

• 588(90%) patients were tested for HDAb.

• 113(19%) were HDAb+

• 91(80.5%) confirmed to have chronic HDV infection by HDV RNA

• Among those with HDAb

• 9.8% HBeAg+

• 79.5% anti-HBe+

• 65.5% from an endemic country 10.6% IVDU, and 12.4% were on nucleo(s) tides 

• HDV“exposed” patients were more likely to be from a HEC or be IVDU (P , 0.0001) compared 
with “unexposed” patients.

Da B et al,  American Journal of Gastroenterology. 116(1):206-209, January 2021.

Risk Factors for Delta Hepatitis in a North American Cohort 
NIH Study



• Authors recommended screening for HDV with any of the 
following:

• History of IVDU
• Baseline serum HBV-DNA < 2,000 IU/mL
• ALT >40 U/L 
• Origins from an endemic country

Risk Factors for Delta Hepatitis in a North American Cohort:
Who Should be Screened? 

Da B et al,  American Journal of Gastroenterology. 116(1):206-209, January 2021.

Alternative view (including speaker): Screen all HBsAg-positive persons



HBV and HDV

Gilman C et al. World J Gastroenterol 2019;25:4580-97



HDV Life Cycle

Gilman C et al. World J Gastroenterol 2019;25:4580-97



Hepatitis D Virus Genotypes

• 8 distinct genotypes, each with 2-4 subtypes

• Genotype 1 most prevalent worldwide, predominant in Europe and North America

• In comparative studies vs genotype 2, higher risk of adverse outcomes, lower rates of 
remission

• Genotype 2: Asia, Middle East

• Genotype 3: Amazon Basin, most divergent from others

• Most pathogenic

• Genotype 4: Taiwan, China, Japan

• Genotypes 5-8: Africa, genotypes 5-7 also now in Europe

Note: Genotype testing not approved in US, rarely done

Da B et al. Gastroenterology Report, 7(4), 2019, 231–245



Global distribution of hepatitis D virus genotypes. 

Hai-Yan Chen et al. Gut 2019;68:512-521

Copyright © BMJ Publishing Group Ltd & British Society of Gastroenterology. All rights reserved.

Global distribution of hepatitis D virus genotypes. 

Hai-Yan Chen et al. Gut 2019;68:512-521
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Global distribution of hepatitis D virus genotypes. 

Hai-Yan Chen et al. Gut 2019;68:512-521
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Diagnostic Tests for Hepatitis D

Da B et al. Gastroenterology Report, 7(4), 2019, 231–245







Algorithm for the Evaluation of Hepatitis D

Shah PA et al, Gastroenterology Rep 2019 Oct 19;7(6):396-402 



Natural History of HDV Infection



Adverse Outcomes Increased With Hepatitis D

Da B et al. Gastroenterology Report, 7(4), 2019, 231–245



• 2888 HBsAg‐positive subjects 

• 151 (5.2%) tested positive for anti‐HDV

• 118 were included (58% men; median age, 49 years; 

• 73% detectable HDV‐RNA and 30% cirrhosis, most often in subjects with

HDV‐RNA

Long‐Term Clinical Outcomes in Patients With Chronic 
Hepatitis Delta: the Role of Persistent Viraemia

Palom A et al, Alimentary Pharmacology & Therapeutics. 2020;51:158-166

Note: The discordance between anti-HDV and HDV RNA has
resulted in screen failures in clinical trials



Spontaneous Reduction or Clearance of HCV RNA Over Time

Palom A, et al. AASLD TLMdX2020. #1023

• 331 stored annual consecutive serum samples from 
56 CHD patients were collected in 4 academic hospitals

• Inclusion criteria:
• CHD with detectable HDV-RNA
• No interferon therapy in the previous 3 years
• No HCV or HIV coinfection

6.1 years of follow-up



Long‐Term Clinical Outcomes in Patients With Chronic Hepatitis Delta: 
The Role of Persistent Viraemia

Palom A et al, Alimentary Pharmacology & Therapeutics. 2020;51:158-166



New Data From French National Reference Center for HDV
n = 1112

• 659/748 (88%) HDV RNA positive

• Most were immigrants (Sub-Saharan Africa 53%), Southern and Eastern

Europe (21%), Northern Africa and Middle East (6%), Asia (6%), South America (0.3%)

• HDV-1 76%, then HDV-5, 7, 6,  and 8

• 28% cirrhosis, half with at least 1 episode hepatic decompensation

• At end of follow-up (median 3 yrs), 48% cirrhosis half decompensated

• 9% HCC

• Persistent HDV replication associated with more adverse outcomes

• African patients better response to IFN than non-African (46% vs 29%)

• HDV viral load lower at baseline in subsequent responders to IFN

Roulot D et al, J Hepatology 2020;1046-62



Approved and Investigational HDV Drugs

Zhang Z, Urban S.  J Hepatology 2020



Algorithm for the Current Management of Hepatitis D

Shah PA et al, Gastroenterology Rep 2019 Oct 19;7(6):396-402 



Clinical Trials of PEG IFN alpha

Da B et al. Gastroenterology Report, 7(4), 2019, 231–245



HIDIT-1: Virologic Response to Treatment as Determined by Serum 
Level of HDV RNA, According to Treatment Group 

PEG IFN + ADV vs PEG IFN vs ADV (n=90)
48 Weeks Treatment, 24 Weeks Followup

Wedemeyer H et al, N Engl J Med 2011;354:322-331

26

31
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HIDIT-II: PEG IFN + Tenofovir/Placebo for HDV Infection
96 Weeks of Treatment, 24 Weeks Followup

Wedemeyer H et al. Lancet Infect Dis 2019;19:275-286

N=120



Ten‐year follow‐up of a randomized controlled 
clinical trial in chronic hepatitis delta

Wranke A et al. Journal of Viral Hepatitis, Volume: 27, Issue: 12, Pages: 1359-1368, First published: 24 July 2020, DOI: (10.1111/jvh.13366) 



• Analysis of virological response was carried out in 60 patients with 
long‐term follow‐up. 

• Undetectable HDV RNA at follow‐up week 24 was described in 14 
patients (seven each of groups I and II, respectively). 

• Of the 14 patients, 6 had a maintained virological response. In the 
remaining 8 patients, late‐HDV RNA relapses occurred between years 2 
and 9 

• Of these 8 patients, five were retreated with IFN‐based therapy but this 
led to HDV RNA negativity during the entire follow‐up in only one 
patient.

Ten‐Year Follow‐up of a Randomized Controlled Clinical Trial 
in Chronic Hepatitis Delta

Wranke A et al.  Journal of Viral Hepatitis, Volume: 27, Issue: 12, Pages: 1359-1368, First published: 24 July 2020, DOI: (10.1111/jvh.13366) 



• 13 patients 

• Mean treatment duration: 75 months (2–397)                          

• Extension past 5 years in 5 cases

• FU duration: 104 months (2–211)

Kim GE, et al. AASLD TLMdX2020. #1028

Ten-Year Follow-up of Long-Term Peginterferon-α
Treatment for Chronic Delta Hepatitis 

Implication: Long term therapy, or repeated courses of 
therapy, may be necessary to optimize outcomes of 
patients with HDV



Algorithm for the Treatment of Hepatitis D in January 2021

Shah PA et al, Gastroenterology Rep 2019 Oct 19;7(6):396-402 



HDV Treatments in Development
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Clinical Trials on Investigative Treatments for Hepatitis D

Da B et al. Gastroenterology Report, 7(4), 2019, 231–245



Myrcludex B 

• Synthetic 47 amino acid, N-acylated preS1 lipopeptide

• Targets Na-taurocholate cotransporting polypeptide (NTCP) 

– Bile acid receptor on the surface of hepatocytes that acts as the HBV 

receptor via attachment of preS1 surface protein (discovered 2012)

• Blocks receptor functions of NTCP and HBV/HDV virus entry

• Administered subcutaneously once daily

Pre S1 aa 2-48

Courtesy of Dr Robert Gish



JHEPReport 2019 1278-285DOI: (10.1016/j.jhepr.2019.07.006) 
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Donkers JM et al



Phase Ib/IIa Study of Myrcludex

Mean reduction
1.67 log at wk 24

with Myrcludex 2 mg/d

Bogomolov P et al, J Hepatology 2016;65:490-498

HDV RNA decreased at week 24 ⩾1 log in six of seven patients of the Myr cohort, 
and became undetectable in two patients during treatment with Myrcludex B alone



Wedemeyer H, et al. EASL 2018, Paris. #GS-005

Final results of a multicenter, open-label Phase 2b trial to assess safety and 
efficacy of Myrcludex B + TDF in patients with chronic HBV/HDV co-infection



Multicenter, open-label Phase 2 clinical trial (MYR203) to assess 
safety and efficacy of bulevirtide (myrcludex B) with pegIFN-α2a in 

patients with chronic HBV/HDV co-infection

Median serum HDV RNA log 
reduction

Week 
48

Week 
72

pegIFN-α -1.30 -0.26

MyrB 2 mg + pegIFN-α -4.81 -4.04

MyrB 5 mg + pegIFN-α -5.59 -1.48

MyrB 2 mg -2.84 -1.08

Wedemeyer H, et al. EASL 2019, Vienna, Austria. #GS-13



48 Weeks of High Dose (10 mg) Bulevirtide With Nuc or With Peginterferon alfa-2a in 
Patients With Chronic HBV/HDV Co-infection 

(MYR203 Extension Study)



48 Weeks of High Dose (10 mg) Bulevirtide With Nuc or With Peginterferon alfa-2a in 
Patients With Chronic HBV/HDV Co-infection 

(MYR203 Extension Study)

HBsAg response 
(>1 Log10 decline or 
negativation) Week 48 Week 72

PEG-IFNα 0.0% 0.0%

2 mg BLV + PEG-IFNα 46.7% 40.0%

5 mg BLV + PEG-IFNα 20.0% 13.3%

10 mg BLV + PEG-IFNα 6.7% 13.3%

Wedemeyer H et al.  EASL dILC2020. #AS072



Myrcludex Monotherapy in Compensated Cirrhotics With Hepatitis Delta: 
Safety and Effectiveness Beyond 2 Years of Treatment in a Real-Life Setting

1 patient with recurrent viremia
after stopping therapy

2 patients with recurrent viremia who remained on therapy with 
Persistent viral suppression and normalization of ALT

Improved clinical outcomes noted

Loglio A, et al. AASLD TLMdX2020. #1024





Lonafarnib for HDV
FIRST ORAL AGENT IN DEVELOPMENT FOR HDV

• Prenylation inhibitor – prenylation is embedded in the HDV life cycle

• Well-characterized in patients

- > 2,000 patients dosed in oncology program by Merck (Schering)

- > 90 children dosed in Progeria program by Boston Children’s Hospital

- > 170 patients dosed in HDV program

- Longest duration of dosing > 10 years

• Most common experienced AEs are GI related (class effect)

• Orphan Designation U.S. and EU

• FDA Breakthrough Therapy Designation

• EMA PRIME Designation

Adapted from Dr Robert Gish

*Mei Wang & Patrick J. Casey
Nature Reviews Molecular Cell Biology volume 17, pages110–122(2016)

Most prenylated proteins are CAAX proteins, for 
which prenylation is initiated by the attachment of a 
15-carbon (farnesyl) or a 20-carbon (geranylgeranyl) 
isoprenoid lipid to the Cys residue by protein 
farnesyltransferase (FTase) or protein 
geranlygeranyltransferase I (GGTase I), respectively. 
The enzymatic reaction is termed farnesylation if it 
involves the farnesyl isoprenoid, or 
geranylgeranylation if it involves the geranylgeranyl 
isoprenoid.

https://www.nature.com/nrm
https://www.nature.com/articles/nrm.2015.11#Glos1
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Lonafarnib Phase 2 Data



LIM T HDV “M ONO”: PHASE 2 STUDY

1

Lambda Interferon MonoTherapy Study in HDV

Arm  1

n = 19

Arm  2

n = 14

Follow-upLambda 120 μg QW

Lambda 180 μg QW Follow-up

On-treatm ent

48 weeks 24 weeks

Post-treatment

• Randomized, open-label study of Lambda 120 and 180 μg, weekly SC injections for 48 weeks in HDV patients

• Dose reductions permitted

• Major inclusion criteria: HDV RNA (+) by qPCR (BLQ 14 IU/mL)*, ULN<ALT<10×ULN, compensated liver disease

• Tenofovir or entecavir were started at baseline (BL)

*Robogene® 2.0, BLQ = below limit of quantification

LIMT HDV “MONO”: Phase 2 Study



LIMT: Phase 2 Lambda Monotherapy Study
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DVR = below the limit of quantification (BLQ) at 24 weeks post-treatment

Robogene® 2.0 HDV RNA PCR assay, LOQ = 14 IU/mL; LOD = 6 IU/mL

Etzion et al, EASL 2019; dose reductions allowed

72

36% 

DVR
(5/14 = BLQ)

36% DURABLE VIROLOGIC RESPONSE (DVR) (“MVR”) WITH LAMBDA



A Phase 2 study of Peginterferon Lambda, Lonafarnib, and Ritonavir 
for 24 Weeks: End-of-Treatment Results From the LIFT HDV Study

End of therapy:

▪ 77% of patients achieved >2 Log HDV RNA decline after 
24 weeks of therapy

▪ 50% had undetectable or BLOQ HDV RNA after 24 weeks 
of therapy

End of follow-up:

▪ 5 (23%) maintained undetectable or BLOQ HDV RNA

▪ 3 (14%) maintained undetectable HDV RNA

▪ 11/20 (55%) patients demonstrated improvement in HAI

▪ GI side effects common

Koh C, et al. AASLD TLMdX2020. #LO8

*DVR = Durable Virologic Response

*

22/26 pts completed 
24 weeks



A Phase 2 study of peginterferon lambda, lonafarnib, and ritonavir for 24 weeks: 
End-of-treatment results from the LIFT HDV study

Koh C, et al. AASLD TLMdX2020. #LO8

LNF 50 mg BID + RTV 100 mg BID 
peg-IFN-λ 180 µg QW SC N=26 Post-therapy monitoring

Week 0

TDF or ETV started prior to therapy in pts with HBV DNA <21 IU/mL

24 48

Treatment response at 12 and 24 weeks

Treatment 
duration

n Mean change in 
Log10 HDV RNA 

(IU/mL)

95% CI p-value

12 weeks 26 3.36 (2.86–3.85) <0.0001

24 weeks 22 3.23 (2.94–4.49) <0.0001

• Most common AEs
• Diarrhea – 100%
• Nausea – 69% 
• GERD – 65%
• Abdominal bloating – 63%
• Anorexia – 46%
• Fatigue – 42%
• Weight loss – 31%
• Anemia – 23%
• Hyperbilirubinemia – 19% 

• 2 dose reductions
(1 x anemia, 1 x 
hyperbilirubinemia)

• 5 discontinuations 
(4 x hyperbilirubinemia, 1 x ascites)



N = 175

N = 125

N = 50

N = 50

Lonafarnib 50 mg BID 
Ritonavir 100 mg BID

Lonafarnib 50 mg BID 
Ritonavir 100 mg BID

PEG IFN-alfa-2a

Placebo

PEG IFN-alfa-2a 

On-treatment

48 weeks 24 weeks

Post-treatment

Follow Up

Follow Up

Follow Up

Follow Up

**

Phase 3 Global Study

Primary Endpoint 
at Week 48

≥ 2 log decline in HDV RNA
+ 

Normalization of ALT                      

Secondary Endpoint 
at Week 48

Histologic improvement

Improvement of fibrosis

* biopsy
All patients will be maintained on background HBV nucleoside therapy.
Superiority over PEG IFN-alfa-2a not required.

Courtesy of Dr. Robert Gish



Anti-HDV Effects of REP 2139

1. Inhibition of HBV SVP assembly / secretion and 

HDV envelopment

▪ Allows host mediated clearance of HBsAg / HDV

▪ Blocks release of HDV

2. Interaction with S-HDAg

▪ Potential upstream inhibition of HDV RNA 

synthesis

3. Interaction with L-HDAg

▪ Potential upstream inhibition of HDV RNP 

assembly

Infected

hepatocyte

HDV RNP

(L-HDAg)

Chromosomally 

integrated HBV DNA

HBV cccDNA

“minichromosome”

HDV RNA

S-HDAg

1

1

2
3

3

Courtesy of Dr Robert Gish



REP 301: REP 2139-Ca + pegIFN in HBV / HDV co-infection

REP 2139-Ca 
pegIFN

Universal clearance of HDV RNA during therapy driven by multiple antiviral mechanisms

Bazinet et al., Lancet Gastro Hepatol 2017; 2: 877-889



Antiviral effects during REP 2139-Ca / pegIFN

3

REP 2139-Ca 
pegIFN

TND (0.00 IU/mL) 

LLOQ 

POS

TND

LLOQ

HBsAg clearance 

prior to pegIFN

Universal HDV RNA 

response

Target not detected in 11/12 

participants during therapy

Even in participants with 

moderate HBsAg response

Likely due to direct effects 

against HDV replication

*2 participants maintaining 2.67 and 2.12 log10 HDV RNA

reduction from baseline at 3.5 years follow-up did not maintain

normal liver function during follow-up.

Completed treatment and 3.5 years of follow-up 11

Clinical 

response

Normal ALT 8/11 (73%)

Normal / declining liver median stiffness 7/11 (64%)

HBsAg 

response

< 1 IU/ml 6/11 (55%)

≤ LLOQ (0.05 IU/mL) 5/11 (42%)

Seroconversion 4/11 (36%)

HDV RNA 

response

> 2 log10 reduction from baseline 9/11 (82%)*

TND 7/11 (64%)

Functional cure of HDV at 3.5 years of follow-up

(HDV RNA TND, ALT normal)

7

HBV DNA 

response

≤ 2000 IU/mL 7/7 (100%)

Target not detected (TND) 5/7 (71%)

HBV virologic 

response

Virologic control HBV 

(HBV DNA ≤ 2000 IU/mL, normal ALT)
3/7 (43%)

Functional cure HBV

(HBsAg < LLOQ, HBV DNA TND, normal 

ALT)

4/7 (57%)

HBV clinical benefit, no therapy required

(Low risk of progression, reduced risk of 

HCC)

7/7 (100%)

On-therapy 

flare

Asymptomatic transaminase flare

while HBsAg ≤ 1IU/mL
7/7 (100%)

Bazinet et al., Lancet Gastro & Hepatol 2017

Bazinet et al., Hepatology 2019



Completed treatment and ≥ 24 weeks of follow-

up

36

(32 completed 48 

weeks

of follow-up)

Clinical 

response

Normal ALT 89%

Normal liver median stiffness 56%

HBsAg 

response

< 1000 IU/mL 72%

< 1 IU/ml 50%

≤ LLOQ (0.05 IU/mL) 42%

Seroconversion 53%

HBV 

DNA 

response

≤ 2000 IU/mL 78%

Target not detected (TND) 47%

Virologic 

response

Virologic control (Inactive HBV)

(HBV DNA ≤ 2000 IU/mL, normal ALT)
39%

Functional cure

(HBsAg < LLOQ, HBV DNA TND, 

normal ALT)

39%

Clinical benefit, no therapy required

(Low risk of progression, reduced risk of 

HCC)

78%

Antiviral effects during TDF / REP 2139/ pegIFN

NAPs + TDF + pegIFNTDF

NAPs + TDF + pegIFNTDF TDF + pegIFN

LLOQ

TND

20

20

positive

absent

< 1 log reduction in HBsAg

HBsAg > 1 log reduction

but > 1 IU/mL
HBsAg < 1 IU/mL

NAPs absent

28/40 HBsAg < 1 IU/mL

24/40 HBsAg loss (≤ 0.05 IU/mL)

(22/24 HBsAg loss in genotype D)

Previously with TDF + pegIFN: no 

HBsAg loss in genotype D

Anti-HBs increased with HBsAg 

reduction in the presence of 

pegIFN

(but only in patients with HBsAg 

declines to < 1 IU/mL)

Bazinet et al., Gastroenterology 2020

Marcellin et al.,  Gastroenterology 2016



REP 301-LTF: Long Term Outcomes 
from REP 301 Study

11 REP 301 participants completed therapy

7/11 with functional cure of HDV
(HDV RNA target not detected, normal ALT)

4/7 with functional cure of HBV
All with associated with transaminase flares while HBsAg < 1 IU/mL

• HBsAg < 0.005 IU/mL maintained in the 
absence of HBsAg immunocomplexes

• HBV pgRNA target not detected
• HBcrAg < LLOQ

3/7 with virologic control of HBV

3.5 year follow-up in the REP 301-LTF study

Bazinet et al., Hepatol Comm. 2020 epub Nov 13



Conclusions

• HDV is a major worldwide pathogen 

• High risk of liver-related morbidity and mortality

• HBsAg carriers, especially those at high risk, should be screened

• Anti-HDV (HDAb) is the screening test of choice; must confirm with HCV RNA assay 

• Treatment with PEG IFN for 1 year yields about 25% SVR; late relapse can occur

• EU action on Myrcludex B (now Hepcludex) is a major development in the field

• Evidence suggests that long term therapy may be needed – maintenance?

• Lonafarnib (oral agent) in phase 3 with PEG IFN

• Results with NAPS warrant further study


