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Traitements actuels: viro-suppression et 
rémission de la maladie hépatique 



Histoire naturelle de l’infection VHB 

elevated levels of viral replication (HBV DNA) and ala-
nine transaminase (ALT; an enzyme released by dying 
hepatocytes). These patients are defined as having either 
HBeAg- positive or HBeAg- negative chronic hepatitis B 
(CHB) (FIG. 1). Patients with CHB and either high or low 
levels of HBV DNA but normal levels of ALT (HBeAg- 
positive or HBeAg- negative chronic infection) are also 
recommended for treatment, although such guidelines 
have been challenged and are now undergoing revi-
son4. The overall goal of therapy is to reach a functional 
cure, characterized by a sustained off- treatment loss of 
HBsAg in the circulation; this loss is associated with an 
improved long- term clinical outcome. A functional cure 
includes remission of liver inflammation, a decrease in 

the risks of cirrhosis and hepatocellular carcinoma and 
lower rates of disease reactivation5–8. Therefore, treat-
ment guidelines have adopted HBsAg loss, with or with-
out the development of anti- hepatitis B surface protein 
antibodies (anti- HBs antibodies), as an ideal end point 
for anti- HBV therapy.

The goal of any new therapy is to increase the rate 
of functional cure, which is not frequently achieved with 
currently available treatments5,9. Excitingly, drug discov-
ery and development for HBV infection has moved from 
controlling the virus to curing chronic infection in both 
the academic community and the industrial commu-
nity. The burden of liver disease caused by HBV infec-
tion worldwide is great, with approximately 250 million 
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Fig. 1 | Natural history of hepatitis B. The natural history of chronic hepatitis B is depicted through four clinical or 
virological phases of infection and/or hepatitis (accordingly to European Association for the Study of the Liver 2018 
guidelines), ending with a functional cure, defined by the sustained loss of hepatitis B surface antigen (HBsAg) with or 
without anti- HBsAg antibodies. Alanine transaminase (ALT) level elevations are present during the hepatitis phases 
(hepatitis B e antigen (HBeAg) positive or HBeAg negative). ALT levels are normal in the chronic infection phases 
(HBeAg positive or HBeAg negative). During the HBeAg- negative phases, HBsAg is thought to be produced preferentially 
by integrated hepatitis B virus (HBV) DNA sequences, although covalently closed circular DNA (cccDNA) is detectable. 
Depending on the balance between viral replication and immune control, patients can go from one phase to the other, and 
these phases do not necessarily follow in a sequential manner. cccDNA levels decline over time but cccDNA is never fully 
eliminated. Serum HBsAg levels, however, do decline over time. Viral genome integration events are thought to increase 
with the duration of infection, as is the proportion of HBsAg expressed from integrated viral sequences. The extent of liver 
fibrosis observed during each phase is indicated. The bottom panels show the estimated levels of inflammatory intrahepatic 
immune cells and the quantity of HBV- specific T and B cells during the different phases. These adaptive responses are 
subclassified by which HBV antigen they recognize or produce antibodies to. −/−, not detected; −/+, rarely detected;  
+, detected; + +, detected with high- frequency; HBc, hepatitis B core protein; HBp, hepatitis B virus DNA polymerase; 
HBs, hepatitis B surface protein; LLOD, lower limit of detection.
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Guérison 
partielle 

Guérison 
fonctionnelle 

Guérison complète 

Guérison 
stérilisante 

Définition de la guérison HBV: quels objectifs ?    1 



Definition de la guérison HBV    2 
•  «	  Guérison	  fonc-onnelle	  »	  

•  Arrêt	  du	  traitement	  avec	  risque	  minime	  de	  rechute.	  
•  Perte	  de	  l’AgHBs	  avec	  ou	  sans	  séroconversion	  HBs.	  
•  Persistance	  du	  cccDNA.	  

•  «	  Guérison	  complète	  »	  
•  Elimina>on	  de	  l’AgHBs	  et	  du	  	  cccDNA.	  
•  La	  guérison	  complète	  devrait	  être	  associée	  avec	  une	  

diminu>on	  du	   risque	   de	   progression	   de	   la	  maladie	  
et	  de	  CHC.	  

•  L’impact	   de	   la	   persistance	   de	   séquences	   virales	  
intégrées	  dans	  le	  génome	  doit	  être	  évalué.	  

Zeisel, Lucifora et al, Gut 2015; Revill et al, Nature Reviews Gastroenterol Hepatol 2016  
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incorporated, it terminates polymerization. For TFV, the innovation is 
the use of the acyclic phosphonate group, which achieves 2 functions: 
(a) this group is resistant to cellular esterases that otherwise might 

serve to remove the phosphate group to form a nucleoside derivative, 
and (b) in contrast to other nucleoside analogues, this stable alteration 
circumvents the need for the cellular addition of the alpha phosphate, 
which is the rate- limiting step in the synthesis of 2′- deoxynucleoside 
triphosphates, the active substrates for reverse transcriptase.

The phosphonate group of TFV differs from a normal phosphate 
group in that a carbon is directly linked to the phosphorus. For a phos-
phate group, the phosphorus would be directly linked to an oxygen 
atom in place of the carbon atom in the TFV diagram above. The phos-
phonate is referred to as acyclic because in naturally occurring nucle-
otides, the phosphate group is linked to a sugar moiety (cyclic, ribose 
or deoxyribose), whereas this is absent in this drug. The nucleoside 
analogues used for HBV treatment are cyclic nucleosides (ETV, lami-
vudine [LAM] and telbivudine). Adefovir (ADV), in spite of its different 
characteristics, differs from TFV only by the lack of the methyl group 
(Figure 1B).

More than 95% of persons treated with the highly potent TDF 
and ETV achieve virological clearance. NAs are administered orally, 
and tolerance is good. The safety of these drugs over lifelong ther-
apy remains to be established. Regarding the risk of drug resistance, 
although common in the past with earlier, less potent NAs such as 
LAM and ADV, resistance has become extremely rare with TDF and 
ETV. Long- term clinical data up to 6 years and beyond are emerging 
for the newer NAs that are providing reassuring data on their efficacy 
and safety. There are large data that long- term blockage of HBV repli-
cation by the most potent drugs (ETV and TDF) results in an improved 
long- term survival with a decreased risk of progression to cirrhosis, 
end- stage liver disease and HCC. Furthermore, a study analysing liver 
histology in persons treated with TDF for 5 years demonstrated fibro-
sis regression in the majority of patients and also cirrhosis reversal 
(Figure 4).22,23 In addition, the cirrhosis reversal was observed during 
treatment in 75% of patients with cirrhosis, probably associated with 
a decreased risk of HCC and improved survival. Real- world data with 

TABLE  1 Advantages and disadvantages of PEG-IFN and 
nucleoside analogues

Peg- IFN
Nucleoside 
analogues

Advantages Finite duration High efficacy

Higher rates of HBs loss 
and/or seroconversion

Favourable 
tolerability

No resistance Oral 
administration

Disadvantages Poor tolerability Long life 
duration

Moderate efficacy Unknown 
long- term 
toxicity

Risk of adverse events Costs

Subcutaneous injection

F IGURE  3 HBsAg loss after therapy. Loss of HBsAg is the most 
reliable indicator to measure a functional cure of hepatitis B. In 
HBeAg(+) patients, HBsAg loss was around 11% with Peg- IFN after 
4 y, and around 10% after 5 y of TDF. In HBeAg(−) patients, HBsAg 
loss was still around 11% with Peg- IFN. However, no HBsAg loss was 
observed after 2 y of TDF or ETV treatment15-17,22,23
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F IGURE  2 Schematic representation of mechanisms of HBV 
replication and inhibition. The virus replication begins with the 
attachment of the virion to hepatocyte cell surface receptor hNTCP. 
This step can be blocked with entry inhibitors such as myrcludex 
B. Upon entry, the virion is released in the cytoplasm and the 
nucleocapsid travels to the nucleus where rcDNA enters the nucleus 
and cccDNA is formed. Novel cccDNA formation, or maintenance 
of already formed cccDNA can theoretically be disrupted with small 
molecule inhibitors or gene- editing technology such as CRISPR/Cas9. 
Viral mRNA and pregenomic RNA are transcribed from cccDNA. 
Inhibition of transcription suppresses viral gene expression. HBV DNA 
also gets integrated into the host chromosome. Secretion inhibitors 
can prevent the release of HBsAg, which can be independent of 
the virus replication cycle. Capsid effectors/inhibitors can mislead 
proper nucleocapsid formation while nucleoside analogues inhibit 
reverse transcription inside the nucleocapsid. Secretion inhibitors 
can subsequently inhibit the release of enveloped virions. Finally, 
immunomodulators such as therapeutic vaccines and TLR agonists 
can enhance the immune response to chronic hepatitis B

Les principales cibles antivirales et immunologiques 

Schinazi R, et al. Liver Int 2018 

NUCs 
“Polymerase inhibitors” 
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incorporated, it terminates polymerization. For TFV, the innovation is 
the use of the acyclic phosphonate group, which achieves 2 functions: 
(a) this group is resistant to cellular esterases that otherwise might 

serve to remove the phosphate group to form a nucleoside derivative, 
and (b) in contrast to other nucleoside analogues, this stable alteration 
circumvents the need for the cellular addition of the alpha phosphate, 
which is the rate- limiting step in the synthesis of 2′- deoxynucleoside 
triphosphates, the active substrates for reverse transcriptase.

The phosphonate group of TFV differs from a normal phosphate 
group in that a carbon is directly linked to the phosphorus. For a phos-
phate group, the phosphorus would be directly linked to an oxygen 
atom in place of the carbon atom in the TFV diagram above. The phos-
phonate is referred to as acyclic because in naturally occurring nucle-
otides, the phosphate group is linked to a sugar moiety (cyclic, ribose 
or deoxyribose), whereas this is absent in this drug. The nucleoside 
analogues used for HBV treatment are cyclic nucleosides (ETV, lami-
vudine [LAM] and telbivudine). Adefovir (ADV), in spite of its different 
characteristics, differs from TFV only by the lack of the methyl group 
(Figure 1B).

More than 95% of persons treated with the highly potent TDF 
and ETV achieve virological clearance. NAs are administered orally, 
and tolerance is good. The safety of these drugs over lifelong ther-
apy remains to be established. Regarding the risk of drug resistance, 
although common in the past with earlier, less potent NAs such as 
LAM and ADV, resistance has become extremely rare with TDF and 
ETV. Long- term clinical data up to 6 years and beyond are emerging 
for the newer NAs that are providing reassuring data on their efficacy 
and safety. There are large data that long- term blockage of HBV repli-
cation by the most potent drugs (ETV and TDF) results in an improved 
long- term survival with a decreased risk of progression to cirrhosis, 
end- stage liver disease and HCC. Furthermore, a study analysing liver 
histology in persons treated with TDF for 5 years demonstrated fibro-
sis regression in the majority of patients and also cirrhosis reversal 
(Figure 4).22,23 In addition, the cirrhosis reversal was observed during 
treatment in 75% of patients with cirrhosis, probably associated with 
a decreased risk of HCC and improved survival. Real- world data with 

TABLE  1 Advantages and disadvantages of PEG-IFN and 
nucleoside analogues

Peg- IFN
Nucleoside 
analogues

Advantages Finite duration High efficacy

Higher rates of HBs loss 
and/or seroconversion

Favourable 
tolerability

No resistance Oral 
administration

Disadvantages Poor tolerability Long life 
duration

Moderate efficacy Unknown 
long- term 
toxicity

Risk of adverse events Costs

Subcutaneous injection

F IGURE  3 HBsAg loss after therapy. Loss of HBsAg is the most 
reliable indicator to measure a functional cure of hepatitis B. In 
HBeAg(+) patients, HBsAg loss was around 11% with Peg- IFN after 
4 y, and around 10% after 5 y of TDF. In HBeAg(−) patients, HBsAg 
loss was still around 11% with Peg- IFN. However, no HBsAg loss was 
observed after 2 y of TDF or ETV treatment15-17,22,23
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F IGURE  2 Schematic representation of mechanisms of HBV 
replication and inhibition. The virus replication begins with the 
attachment of the virion to hepatocyte cell surface receptor hNTCP. 
This step can be blocked with entry inhibitors such as myrcludex 
B. Upon entry, the virion is released in the cytoplasm and the 
nucleocapsid travels to the nucleus where rcDNA enters the nucleus 
and cccDNA is formed. Novel cccDNA formation, or maintenance 
of already formed cccDNA can theoretically be disrupted with small 
molecule inhibitors or gene- editing technology such as CRISPR/Cas9. 
Viral mRNA and pregenomic RNA are transcribed from cccDNA. 
Inhibition of transcription suppresses viral gene expression. HBV DNA 
also gets integrated into the host chromosome. Secretion inhibitors 
can prevent the release of HBsAg, which can be independent of 
the virus replication cycle. Capsid effectors/inhibitors can mislead 
proper nucleocapsid formation while nucleoside analogues inhibit 
reverse transcription inside the nucleocapsid. Secretion inhibitors 
can subsequently inhibit the release of enveloped virions. Finally, 
immunomodulators such as therapeutic vaccines and TLR agonists 
can enhance the immune response to chronic hepatitis B

RNA 
interference 

Entry inhibitors 

Les principales cibles antivirales et immunologiques 

Schinazi R, et al. Liver Intern 2018 



Inhibiteurs d’entrée et siRNA : les essais 
Table 1 | Select novel hepatitis B virus infection therapies that have been investigated in humans

Drug name Sponsor Mechanism of 
action

Class Clinical 
stage

Notes Refs

Entry inhibitors

Myrcludex B 
(bulevirtide)

MYR 
Pharmaceuticals

Blocks NTCP Peptide II 2 mg Myrcludex B + IFNα treatment resulted in 40% 
responders with HBsAg loss observed in 26.7% of the cohort

25

CRV431 Contravir Blocks NTCP and 
protein folding

Small 
molecule

I Single- ascending-dose study performed up to a dose  
of 525 mg

172

Translation inhibitors

JNJ3989 Janssen mRNA degradation siRNA II Most patients had HBsAg levels <100 IU mL−1 after 3 doses. 
Range of 1.3–3.8 (at nadir) log decrease in HBsAg levels

55

ARB-1467 Arbutus mRNA degradation siRNA II 7 of 11 patients had >1 log decrease in HBsAg levels after 
10 weeks of dosing (responders). Biweekly dosing better 
than monthly dosing

173

GSK3389404 GlaxoSmithKline mRNA degradation ASO II Safe and well tolerated in healthy volunteers 174

Capsid assembly inhibitors

ABI- H0731 Assembly Core binding Small 
molecule

II Combined with entecavir, ABI- H0731 caused a 4.54 log 
decrease in HBV DNA levels at 12 weeks and a 5.94 log 
decrease at 24 weeks

66

JNJ6379 Janssen Core binding Small 
molecule

II Mean DNA level log decrease of 2.16–2.89 and a dose 
correlation for a number of patients who had a DNA level 
less than the LOQ at the end of the trial (28 days)

63

JNJ0440 Janssen Core binding Small 
molecule

I Single and multiple- ascending-dose studies in healthy 
volunteers. Doses up to 2,000 mg QD well tolerated in the 
7-day multiple- ascending-dose study

64

GLS4 HEC Pharma Core binding Small 
molecule

II Interim (20 week) data showed DNA level log reduction 
of 1.48–5.58 for BID administration and 1.51–6.09 log 
reduction for TID administration

58

RO7049389 Roche Core binding Small 
molecule

II Median DNA level declines of 2.7 (200 mg BID), 
3.2 (400 mg BID) and 2.9 (600 mg QD) observed at  
the end of the trial (28 days)

59

AB-506 Arbutus Core binding Small 
molecule

I 10-day study in healthy volunteers completed 175

HBsAg secretion inhibitors

REP 2139 and 
REP 2165

Replicor HBsAg binding Nucleic 
acid- 
based 
polymer

II At the end of the trial, 60% of patients had HBsAg loss  
(53% had HBsAg loss at 24 weeks and 50% had HBsAg loss 
at 48 weeks). Anti- HBs antibodies were detectable in 56% 
of patients at 48 weeks

70

Innate immunity activators

Inarigivir Springbank RIG- I agonist 
and polymerase 
inhibitor

Small 
molecule

II Dose- dependent decrease in HBV DNA levels (1.54 log 
decrease with 200 mg). After switch to TDF, 88% of 
participants had DNA levels below the LOQ

108

RO7020531 Roche TLR7 agonist Small 
molecule

I Immune activation observed in all patients. No viral  
data reported

176

GS-9620 Gilead TLR7 Small 
molecule

II No change in HBsAg levels. Transient dose- dependent 
induction of ISG15 and change in NK cell and T cell 
phenotype observed

111

GS-9688 Gilead TLR8 Small 
molecule

I Dose- dependent IL-12 and IL-1β production noted in 
healthy volunteers

177

Adaptive immunity activators

TG-1050 
(T101)

Transgene/Talsy Vaccine Ad5 
delivery

I HBV T cell responses induced by vaccine. Anti- Ad5 
antibodies seen with higher dose. Mean 0.45 log decrease 
in HBsAg levels observed at day 197

178,179

HepTcell Altimmune Vaccine Peptide 
plus IC31 
(adjuvant)

I T cell responses strongest for vaccine plus adjuvant. Safe, 
but no decline in HBsAg levels was observed after three 
administrations of vaccine

180

Ad5, adenovirus type 5; anti- HBs, anti- hepatitis B surface protein; ASO, antisense oligonucleotide; BID, twice daily; HBsAg, hepatitis B surface antigen; HBV, 
hepatitis B virus; IFNα, interferon- α; IU, infectious units; LOQ, limit of quantification; NK, natural killer; NTCP, sodium–taurocholate cotransporting polypeptide;  
QD, once daily; RIG- I, retinoic acid- inducible gene I protein; siRNA, small interfering RNA; TDF, tenofovir disoproxil fumarate; TID, thrice daily; TLR, Toll-like receptor.

NATURE REVIEWS | DRUG DISCOVERY
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Fanning GC, et al. Nature Review 2019	  
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incorporated, it terminates polymerization. For TFV, the innovation is 
the use of the acyclic phosphonate group, which achieves 2 functions: 
(a) this group is resistant to cellular esterases that otherwise might 

serve to remove the phosphate group to form a nucleoside derivative, 
and (b) in contrast to other nucleoside analogues, this stable alteration 
circumvents the need for the cellular addition of the alpha phosphate, 
which is the rate- limiting step in the synthesis of 2′- deoxynucleoside 
triphosphates, the active substrates for reverse transcriptase.

The phosphonate group of TFV differs from a normal phosphate 
group in that a carbon is directly linked to the phosphorus. For a phos-
phate group, the phosphorus would be directly linked to an oxygen 
atom in place of the carbon atom in the TFV diagram above. The phos-
phonate is referred to as acyclic because in naturally occurring nucle-
otides, the phosphate group is linked to a sugar moiety (cyclic, ribose 
or deoxyribose), whereas this is absent in this drug. The nucleoside 
analogues used for HBV treatment are cyclic nucleosides (ETV, lami-
vudine [LAM] and telbivudine). Adefovir (ADV), in spite of its different 
characteristics, differs from TFV only by the lack of the methyl group 
(Figure 1B).

More than 95% of persons treated with the highly potent TDF 
and ETV achieve virological clearance. NAs are administered orally, 
and tolerance is good. The safety of these drugs over lifelong ther-
apy remains to be established. Regarding the risk of drug resistance, 
although common in the past with earlier, less potent NAs such as 
LAM and ADV, resistance has become extremely rare with TDF and 
ETV. Long- term clinical data up to 6 years and beyond are emerging 
for the newer NAs that are providing reassuring data on their efficacy 
and safety. There are large data that long- term blockage of HBV repli-
cation by the most potent drugs (ETV and TDF) results in an improved 
long- term survival with a decreased risk of progression to cirrhosis, 
end- stage liver disease and HCC. Furthermore, a study analysing liver 
histology in persons treated with TDF for 5 years demonstrated fibro-
sis regression in the majority of patients and also cirrhosis reversal 
(Figure 4).22,23 In addition, the cirrhosis reversal was observed during 
treatment in 75% of patients with cirrhosis, probably associated with 
a decreased risk of HCC and improved survival. Real- world data with 

TABLE  1 Advantages and disadvantages of PEG-IFN and 
nucleoside analogues

Peg- IFN
Nucleoside 
analogues

Advantages Finite duration High efficacy

Higher rates of HBs loss 
and/or seroconversion

Favourable 
tolerability

No resistance Oral 
administration

Disadvantages Poor tolerability Long life 
duration

Moderate efficacy Unknown 
long- term 
toxicity

Risk of adverse events Costs

Subcutaneous injection

F IGURE  3 HBsAg loss after therapy. Loss of HBsAg is the most 
reliable indicator to measure a functional cure of hepatitis B. In 
HBeAg(+) patients, HBsAg loss was around 11% with Peg- IFN after 
4 y, and around 10% after 5 y of TDF. In HBeAg(−) patients, HBsAg 
loss was still around 11% with Peg- IFN. However, no HBsAg loss was 
observed after 2 y of TDF or ETV treatment15-17,22,23
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F IGURE  2 Schematic representation of mechanisms of HBV 
replication and inhibition. The virus replication begins with the 
attachment of the virion to hepatocyte cell surface receptor hNTCP. 
This step can be blocked with entry inhibitors such as myrcludex 
B. Upon entry, the virion is released in the cytoplasm and the 
nucleocapsid travels to the nucleus where rcDNA enters the nucleus 
and cccDNA is formed. Novel cccDNA formation, or maintenance 
of already formed cccDNA can theoretically be disrupted with small 
molecule inhibitors or gene- editing technology such as CRISPR/Cas9. 
Viral mRNA and pregenomic RNA are transcribed from cccDNA. 
Inhibition of transcription suppresses viral gene expression. HBV DNA 
also gets integrated into the host chromosome. Secretion inhibitors 
can prevent the release of HBsAg, which can be independent of 
the virus replication cycle. Capsid effectors/inhibitors can mislead 
proper nucleocapsid formation while nucleoside analogues inhibit 
reverse transcription inside the nucleocapsid. Secretion inhibitors 
can subsequently inhibit the release of enveloped virions. Finally, 
immunomodulators such as therapeutic vaccines and TLR agonists 
can enhance the immune response to chronic hepatitis B

CpAMs 
“Capsid inhibitors” 

Les principales cibles antivirales et immunologiques 

Schinazi R, et al. Liver Intern 2018 



Inhibiteurs de capside : les essais 

Table 1 | Select novel hepatitis B virus infection therapies that have been investigated in humans

Drug name Sponsor Mechanism of 
action

Class Clinical 
stage

Notes Refs

Entry inhibitors

Myrcludex B 
(bulevirtide)

MYR 
Pharmaceuticals

Blocks NTCP Peptide II 2 mg Myrcludex B + IFNα treatment resulted in 40% 
responders with HBsAg loss observed in 26.7% of the cohort

25

CRV431 Contravir Blocks NTCP and 
protein folding

Small 
molecule

I Single- ascending-dose study performed up to a dose  
of 525 mg

172

Translation inhibitors

JNJ3989 Janssen mRNA degradation siRNA II Most patients had HBsAg levels <100 IU mL−1 after 3 doses. 
Range of 1.3–3.8 (at nadir) log decrease in HBsAg levels

55

ARB-1467 Arbutus mRNA degradation siRNA II 7 of 11 patients had >1 log decrease in HBsAg levels after 
10 weeks of dosing (responders). Biweekly dosing better 
than monthly dosing

173

GSK3389404 GlaxoSmithKline mRNA degradation ASO II Safe and well tolerated in healthy volunteers 174

Capsid assembly inhibitors

ABI- H0731 Assembly Core binding Small 
molecule

II Combined with entecavir, ABI- H0731 caused a 4.54 log 
decrease in HBV DNA levels at 12 weeks and a 5.94 log 
decrease at 24 weeks

66

JNJ6379 Janssen Core binding Small 
molecule

II Mean DNA level log decrease of 2.16–2.89 and a dose 
correlation for a number of patients who had a DNA level 
less than the LOQ at the end of the trial (28 days)

63

JNJ0440 Janssen Core binding Small 
molecule

I Single and multiple- ascending-dose studies in healthy 
volunteers. Doses up to 2,000 mg QD well tolerated in the 
7-day multiple- ascending-dose study

64

GLS4 HEC Pharma Core binding Small 
molecule

II Interim (20 week) data showed DNA level log reduction 
of 1.48–5.58 for BID administration and 1.51–6.09 log 
reduction for TID administration

58

RO7049389 Roche Core binding Small 
molecule

II Median DNA level declines of 2.7 (200 mg BID), 
3.2 (400 mg BID) and 2.9 (600 mg QD) observed at  
the end of the trial (28 days)

59

AB-506 Arbutus Core binding Small 
molecule

I 10-day study in healthy volunteers completed 175

HBsAg secretion inhibitors

REP 2139 and 
REP 2165

Replicor HBsAg binding Nucleic 
acid- 
based 
polymer

II At the end of the trial, 60% of patients had HBsAg loss  
(53% had HBsAg loss at 24 weeks and 50% had HBsAg loss 
at 48 weeks). Anti- HBs antibodies were detectable in 56% 
of patients at 48 weeks

70

Innate immunity activators

Inarigivir Springbank RIG- I agonist 
and polymerase 
inhibitor

Small 
molecule

II Dose- dependent decrease in HBV DNA levels (1.54 log 
decrease with 200 mg). After switch to TDF, 88% of 
participants had DNA levels below the LOQ

108

RO7020531 Roche TLR7 agonist Small 
molecule

I Immune activation observed in all patients. No viral  
data reported

176

GS-9620 Gilead TLR7 Small 
molecule

II No change in HBsAg levels. Transient dose- dependent 
induction of ISG15 and change in NK cell and T cell 
phenotype observed

111

GS-9688 Gilead TLR8 Small 
molecule

I Dose- dependent IL-12 and IL-1β production noted in 
healthy volunteers

177

Adaptive immunity activators

TG-1050 
(T101)

Transgene/Talsy Vaccine Ad5 
delivery

I HBV T cell responses induced by vaccine. Anti- Ad5 
antibodies seen with higher dose. Mean 0.45 log decrease 
in HBsAg levels observed at day 197

178,179

HepTcell Altimmune Vaccine Peptide 
plus IC31 
(adjuvant)

I T cell responses strongest for vaccine plus adjuvant. Safe, 
but no decline in HBsAg levels was observed after three 
administrations of vaccine

180

Ad5, adenovirus type 5; anti- HBs, anti- hepatitis B surface protein; ASO, antisense oligonucleotide; BID, twice daily; HBsAg, hepatitis B surface antigen; HBV, 
hepatitis B virus; IFNα, interferon- α; IU, infectious units; LOQ, limit of quantification; NK, natural killer; NTCP, sodium–taurocholate cotransporting polypeptide;  
QD, once daily; RIG- I, retinoic acid- inducible gene I protein; siRNA, small interfering RNA; TDF, tenofovir disoproxil fumarate; TID, thrice daily; TLR, Toll-like receptor.
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protein folding

Small 
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I Single- ascending-dose study performed up to a dose  
of 525 mg
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JNJ3989 Janssen mRNA degradation siRNA II Most patients had HBsAg levels <100 IU mL−1 after 3 doses. 
Range of 1.3–3.8 (at nadir) log decrease in HBsAg levels
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QD, once daily; RIG- I, retinoic acid- inducible gene I protein; siRNA, small interfering RNA; TDF, tenofovir disoproxil fumarate; TID, thrice daily; TLR, Toll-like receptor.
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incorporated, it terminates polymerization. For TFV, the innovation is 
the use of the acyclic phosphonate group, which achieves 2 functions: 
(a) this group is resistant to cellular esterases that otherwise might 

serve to remove the phosphate group to form a nucleoside derivative, 
and (b) in contrast to other nucleoside analogues, this stable alteration 
circumvents the need for the cellular addition of the alpha phosphate, 
which is the rate- limiting step in the synthesis of 2′- deoxynucleoside 
triphosphates, the active substrates for reverse transcriptase.

The phosphonate group of TFV differs from a normal phosphate 
group in that a carbon is directly linked to the phosphorus. For a phos-
phate group, the phosphorus would be directly linked to an oxygen 
atom in place of the carbon atom in the TFV diagram above. The phos-
phonate is referred to as acyclic because in naturally occurring nucle-
otides, the phosphate group is linked to a sugar moiety (cyclic, ribose 
or deoxyribose), whereas this is absent in this drug. The nucleoside 
analogues used for HBV treatment are cyclic nucleosides (ETV, lami-
vudine [LAM] and telbivudine). Adefovir (ADV), in spite of its different 
characteristics, differs from TFV only by the lack of the methyl group 
(Figure 1B).

More than 95% of persons treated with the highly potent TDF 
and ETV achieve virological clearance. NAs are administered orally, 
and tolerance is good. The safety of these drugs over lifelong ther-
apy remains to be established. Regarding the risk of drug resistance, 
although common in the past with earlier, less potent NAs such as 
LAM and ADV, resistance has become extremely rare with TDF and 
ETV. Long- term clinical data up to 6 years and beyond are emerging 
for the newer NAs that are providing reassuring data on their efficacy 
and safety. There are large data that long- term blockage of HBV repli-
cation by the most potent drugs (ETV and TDF) results in an improved 
long- term survival with a decreased risk of progression to cirrhosis, 
end- stage liver disease and HCC. Furthermore, a study analysing liver 
histology in persons treated with TDF for 5 years demonstrated fibro-
sis regression in the majority of patients and also cirrhosis reversal 
(Figure 4).22,23 In addition, the cirrhosis reversal was observed during 
treatment in 75% of patients with cirrhosis, probably associated with 
a decreased risk of HCC and improved survival. Real- world data with 

TABLE  1 Advantages and disadvantages of PEG-IFN and 
nucleoside analogues

Peg- IFN
Nucleoside 
analogues

Advantages Finite duration High efficacy

Higher rates of HBs loss 
and/or seroconversion

Favourable 
tolerability

No resistance Oral 
administration

Disadvantages Poor tolerability Long life 
duration

Moderate efficacy Unknown 
long- term 
toxicity

Risk of adverse events Costs

Subcutaneous injection

F IGURE  3 HBsAg loss after therapy. Loss of HBsAg is the most 
reliable indicator to measure a functional cure of hepatitis B. In 
HBeAg(+) patients, HBsAg loss was around 11% with Peg- IFN after 
4 y, and around 10% after 5 y of TDF. In HBeAg(−) patients, HBsAg 
loss was still around 11% with Peg- IFN. However, no HBsAg loss was 
observed after 2 y of TDF or ETV treatment15-17,22,23
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F IGURE  2 Schematic representation of mechanisms of HBV 
replication and inhibition. The virus replication begins with the 
attachment of the virion to hepatocyte cell surface receptor hNTCP. 
This step can be blocked with entry inhibitors such as myrcludex 
B. Upon entry, the virion is released in the cytoplasm and the 
nucleocapsid travels to the nucleus where rcDNA enters the nucleus 
and cccDNA is formed. Novel cccDNA formation, or maintenance 
of already formed cccDNA can theoretically be disrupted with small 
molecule inhibitors or gene- editing technology such as CRISPR/Cas9. 
Viral mRNA and pregenomic RNA are transcribed from cccDNA. 
Inhibition of transcription suppresses viral gene expression. HBV DNA 
also gets integrated into the host chromosome. Secretion inhibitors 
can prevent the release of HBsAg, which can be independent of 
the virus replication cycle. Capsid effectors/inhibitors can mislead 
proper nucleocapsid formation while nucleoside analogues inhibit 
reverse transcription inside the nucleocapsid. Secretion inhibitors 
can subsequently inhibit the release of enveloped virions. Finally, 
immunomodulators such as therapeutic vaccines and TLR agonists 
can enhance the immune response to chronic hepatitis B
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Drug name Sponsor Mechanism of 
action

Class Clinical 
stage

Notes Refs

Entry inhibitors

Myrcludex B 
(bulevirtide)

MYR 
Pharmaceuticals

Blocks NTCP Peptide II 2 mg Myrcludex B + IFNα treatment resulted in 40% 
responders with HBsAg loss observed in 26.7% of the cohort

25

CRV431 Contravir Blocks NTCP and 
protein folding

Small 
molecule

I Single- ascending-dose study performed up to a dose  
of 525 mg

172

Translation inhibitors

JNJ3989 Janssen mRNA degradation siRNA II Most patients had HBsAg levels <100 IU mL−1 after 3 doses. 
Range of 1.3–3.8 (at nadir) log decrease in HBsAg levels

55

ARB-1467 Arbutus mRNA degradation siRNA II 7 of 11 patients had >1 log decrease in HBsAg levels after 
10 weeks of dosing (responders). Biweekly dosing better 
than monthly dosing

173

GSK3389404 GlaxoSmithKline mRNA degradation ASO II Safe and well tolerated in healthy volunteers 174

Capsid assembly inhibitors

ABI- H0731 Assembly Core binding Small 
molecule

II Combined with entecavir, ABI- H0731 caused a 4.54 log 
decrease in HBV DNA levels at 12 weeks and a 5.94 log 
decrease at 24 weeks

66

JNJ6379 Janssen Core binding Small 
molecule

II Mean DNA level log decrease of 2.16–2.89 and a dose 
correlation for a number of patients who had a DNA level 
less than the LOQ at the end of the trial (28 days)

63

JNJ0440 Janssen Core binding Small 
molecule

I Single and multiple- ascending-dose studies in healthy 
volunteers. Doses up to 2,000 mg QD well tolerated in the 
7-day multiple- ascending-dose study

64

GLS4 HEC Pharma Core binding Small 
molecule

II Interim (20 week) data showed DNA level log reduction 
of 1.48–5.58 for BID administration and 1.51–6.09 log 
reduction for TID administration

58

RO7049389 Roche Core binding Small 
molecule

II Median DNA level declines of 2.7 (200 mg BID), 
3.2 (400 mg BID) and 2.9 (600 mg QD) observed at  
the end of the trial (28 days)

59

AB-506 Arbutus Core binding Small 
molecule

I 10-day study in healthy volunteers completed 175

HBsAg secretion inhibitors

REP 2139 and 
REP 2165

Replicor HBsAg binding Nucleic 
acid- 
based 
polymer

II At the end of the trial, 60% of patients had HBsAg loss  
(53% had HBsAg loss at 24 weeks and 50% had HBsAg loss 
at 48 weeks). Anti- HBs antibodies were detectable in 56% 
of patients at 48 weeks

70

Innate immunity activators

Inarigivir Springbank RIG- I agonist 
and polymerase 
inhibitor

Small 
molecule

II Dose- dependent decrease in HBV DNA levels (1.54 log 
decrease with 200 mg). After switch to TDF, 88% of 
participants had DNA levels below the LOQ

108

RO7020531 Roche TLR7 agonist Small 
molecule

I Immune activation observed in all patients. No viral  
data reported

176

GS-9620 Gilead TLR7 Small 
molecule

II No change in HBsAg levels. Transient dose- dependent 
induction of ISG15 and change in NK cell and T cell 
phenotype observed

111

GS-9688 Gilead TLR8 Small 
molecule

I Dose- dependent IL-12 and IL-1β production noted in 
healthy volunteers

177

Adaptive immunity activators

TG-1050 
(T101)

Transgene/Talsy Vaccine Ad5 
delivery

I HBV T cell responses induced by vaccine. Anti- Ad5 
antibodies seen with higher dose. Mean 0.45 log decrease 
in HBsAg levels observed at day 197

178,179

HepTcell Altimmune Vaccine Peptide 
plus IC31 
(adjuvant)

I T cell responses strongest for vaccine plus adjuvant. Safe, 
but no decline in HBsAg levels was observed after three 
administrations of vaccine

180

Ad5, adenovirus type 5; anti- HBs, anti- hepatitis B surface protein; ASO, antisense oligonucleotide; BID, twice daily; HBsAg, hepatitis B surface antigen; HBV, 
hepatitis B virus; IFNα, interferon- α; IU, infectious units; LOQ, limit of quantification; NK, natural killer; NTCP, sodium–taurocholate cotransporting polypeptide;  
QD, once daily; RIG- I, retinoic acid- inducible gene I protein; siRNA, small interfering RNA; TDF, tenofovir disoproxil fumarate; TID, thrice daily; TLR, Toll-like receptor.
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incorporated, it terminates polymerization. For TFV, the innovation is 
the use of the acyclic phosphonate group, which achieves 2 functions: 
(a) this group is resistant to cellular esterases that otherwise might 

serve to remove the phosphate group to form a nucleoside derivative, 
and (b) in contrast to other nucleoside analogues, this stable alteration 
circumvents the need for the cellular addition of the alpha phosphate, 
which is the rate- limiting step in the synthesis of 2′- deoxynucleoside 
triphosphates, the active substrates for reverse transcriptase.

The phosphonate group of TFV differs from a normal phosphate 
group in that a carbon is directly linked to the phosphorus. For a phos-
phate group, the phosphorus would be directly linked to an oxygen 
atom in place of the carbon atom in the TFV diagram above. The phos-
phonate is referred to as acyclic because in naturally occurring nucle-
otides, the phosphate group is linked to a sugar moiety (cyclic, ribose 
or deoxyribose), whereas this is absent in this drug. The nucleoside 
analogues used for HBV treatment are cyclic nucleosides (ETV, lami-
vudine [LAM] and telbivudine). Adefovir (ADV), in spite of its different 
characteristics, differs from TFV only by the lack of the methyl group 
(Figure 1B).

More than 95% of persons treated with the highly potent TDF 
and ETV achieve virological clearance. NAs are administered orally, 
and tolerance is good. The safety of these drugs over lifelong ther-
apy remains to be established. Regarding the risk of drug resistance, 
although common in the past with earlier, less potent NAs such as 
LAM and ADV, resistance has become extremely rare with TDF and 
ETV. Long- term clinical data up to 6 years and beyond are emerging 
for the newer NAs that are providing reassuring data on their efficacy 
and safety. There are large data that long- term blockage of HBV repli-
cation by the most potent drugs (ETV and TDF) results in an improved 
long- term survival with a decreased risk of progression to cirrhosis, 
end- stage liver disease and HCC. Furthermore, a study analysing liver 
histology in persons treated with TDF for 5 years demonstrated fibro-
sis regression in the majority of patients and also cirrhosis reversal 
(Figure 4).22,23 In addition, the cirrhosis reversal was observed during 
treatment in 75% of patients with cirrhosis, probably associated with 
a decreased risk of HCC and improved survival. Real- world data with 

TABLE  1 Advantages and disadvantages of PEG-IFN and 
nucleoside analogues

Peg- IFN
Nucleoside 
analogues

Advantages Finite duration High efficacy

Higher rates of HBs loss 
and/or seroconversion

Favourable 
tolerability

No resistance Oral 
administration

Disadvantages Poor tolerability Long life 
duration

Moderate efficacy Unknown 
long- term 
toxicity

Risk of adverse events Costs

Subcutaneous injection

F IGURE  3 HBsAg loss after therapy. Loss of HBsAg is the most 
reliable indicator to measure a functional cure of hepatitis B. In 
HBeAg(+) patients, HBsAg loss was around 11% with Peg- IFN after 
4 y, and around 10% after 5 y of TDF. In HBeAg(−) patients, HBsAg 
loss was still around 11% with Peg- IFN. However, no HBsAg loss was 
observed after 2 y of TDF or ETV treatment15-17,22,23

Pr
op

ort
ion

 of
 pa

tie
nts

Ag
HB

e-n
eg

ati
ve

(%
)

Pr
op

ort
ion

  o
f p

ati
en

ts
Ag

HB
e-p

os
itiv

e(
%)

3-4 years 2 years 4-5 years 2 years

3-4 years 2 years 4-5 years 2 years 3 years 5 years
pegIFN

0
2
4
6
8
10
12

0
2
4
6
8
10
12

11

11

0 0 0*0,5

5

3 2
5 6

10

LAM ADV ETV TDFLdT

pegIFN LAM ADV ETV TDFLdT

F IGURE  2 Schematic representation of mechanisms of HBV 
replication and inhibition. The virus replication begins with the 
attachment of the virion to hepatocyte cell surface receptor hNTCP. 
This step can be blocked with entry inhibitors such as myrcludex 
B. Upon entry, the virion is released in the cytoplasm and the 
nucleocapsid travels to the nucleus where rcDNA enters the nucleus 
and cccDNA is formed. Novel cccDNA formation, or maintenance 
of already formed cccDNA can theoretically be disrupted with small 
molecule inhibitors or gene- editing technology such as CRISPR/Cas9. 
Viral mRNA and pregenomic RNA are transcribed from cccDNA. 
Inhibition of transcription suppresses viral gene expression. HBV DNA 
also gets integrated into the host chromosome. Secretion inhibitors 
can prevent the release of HBsAg, which can be independent of 
the virus replication cycle. Capsid effectors/inhibitors can mislead 
proper nucleocapsid formation while nucleoside analogues inhibit 
reverse transcription inside the nucleocapsid. Secretion inhibitors 
can subsequently inhibit the release of enveloped virions. Finally, 
immunomodulators such as therapeutic vaccines and TLR agonists 
can enhance the immune response to chronic hepatitis B

Immune modulation 
 

•  Toll-like receptors agonists 
•  Anti-PD-1 mAb 
•  Vaccine therapy 
•  Redirection of T cells 

Targeting 
cccDNA 
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Immunomodulateurs: les essais 

Table 1 | Select novel hepatitis B virus infection therapies that have been investigated in humans

Drug name Sponsor Mechanism of 
action

Class Clinical 
stage

Notes Refs

Entry inhibitors

Myrcludex B 
(bulevirtide)

MYR 
Pharmaceuticals

Blocks NTCP Peptide II 2 mg Myrcludex B + IFNα treatment resulted in 40% 
responders with HBsAg loss observed in 26.7% of the cohort

25

CRV431 Contravir Blocks NTCP and 
protein folding

Small 
molecule

I Single- ascending-dose study performed up to a dose  
of 525 mg

172

Translation inhibitors

JNJ3989 Janssen mRNA degradation siRNA II Most patients had HBsAg levels <100 IU mL−1 after 3 doses. 
Range of 1.3–3.8 (at nadir) log decrease in HBsAg levels

55

ARB-1467 Arbutus mRNA degradation siRNA II 7 of 11 patients had >1 log decrease in HBsAg levels after 
10 weeks of dosing (responders). Biweekly dosing better 
than monthly dosing

173

GSK3389404 GlaxoSmithKline mRNA degradation ASO II Safe and well tolerated in healthy volunteers 174

Capsid assembly inhibitors

ABI- H0731 Assembly Core binding Small 
molecule

II Combined with entecavir, ABI- H0731 caused a 4.54 log 
decrease in HBV DNA levels at 12 weeks and a 5.94 log 
decrease at 24 weeks

66

JNJ6379 Janssen Core binding Small 
molecule

II Mean DNA level log decrease of 2.16–2.89 and a dose 
correlation for a number of patients who had a DNA level 
less than the LOQ at the end of the trial (28 days)

63

JNJ0440 Janssen Core binding Small 
molecule

I Single and multiple- ascending-dose studies in healthy 
volunteers. Doses up to 2,000 mg QD well tolerated in the 
7-day multiple- ascending-dose study

64

GLS4 HEC Pharma Core binding Small 
molecule

II Interim (20 week) data showed DNA level log reduction 
of 1.48–5.58 for BID administration and 1.51–6.09 log 
reduction for TID administration

58

RO7049389 Roche Core binding Small 
molecule

II Median DNA level declines of 2.7 (200 mg BID), 
3.2 (400 mg BID) and 2.9 (600 mg QD) observed at  
the end of the trial (28 days)

59

AB-506 Arbutus Core binding Small 
molecule

I 10-day study in healthy volunteers completed 175

HBsAg secretion inhibitors

REP 2139 and 
REP 2165

Replicor HBsAg binding Nucleic 
acid- 
based 
polymer

II At the end of the trial, 60% of patients had HBsAg loss  
(53% had HBsAg loss at 24 weeks and 50% had HBsAg loss 
at 48 weeks). Anti- HBs antibodies were detectable in 56% 
of patients at 48 weeks

70

Innate immunity activators

Inarigivir Springbank RIG- I agonist 
and polymerase 
inhibitor

Small 
molecule

II Dose- dependent decrease in HBV DNA levels (1.54 log 
decrease with 200 mg). After switch to TDF, 88% of 
participants had DNA levels below the LOQ

108

RO7020531 Roche TLR7 agonist Small 
molecule

I Immune activation observed in all patients. No viral  
data reported

176

GS-9620 Gilead TLR7 Small 
molecule

II No change in HBsAg levels. Transient dose- dependent 
induction of ISG15 and change in NK cell and T cell 
phenotype observed

111

GS-9688 Gilead TLR8 Small 
molecule

I Dose- dependent IL-12 and IL-1β production noted in 
healthy volunteers

177

Adaptive immunity activators

TG-1050 
(T101)

Transgene/Talsy Vaccine Ad5 
delivery

I HBV T cell responses induced by vaccine. Anti- Ad5 
antibodies seen with higher dose. Mean 0.45 log decrease 
in HBsAg levels observed at day 197

178,179

HepTcell Altimmune Vaccine Peptide 
plus IC31 
(adjuvant)

I T cell responses strongest for vaccine plus adjuvant. Safe, 
but no decline in HBsAg levels was observed after three 
administrations of vaccine

180

Ad5, adenovirus type 5; anti- HBs, anti- hepatitis B surface protein; ASO, antisense oligonucleotide; BID, twice daily; HBsAg, hepatitis B surface antigen; HBV, 
hepatitis B virus; IFNα, interferon- α; IU, infectious units; LOQ, limit of quantification; NK, natural killer; NTCP, sodium–taurocholate cotransporting polypeptide;  
QD, once daily; RIG- I, retinoic acid- inducible gene I protein; siRNA, small interfering RNA; TDF, tenofovir disoproxil fumarate; TID, thrice daily; TLR, Toll-like receptor.

NATURE REVIEWS | DRUG DISCOVERY

REV IEWS

Table 1 | Select novel hepatitis B virus infection therapies that have been investigated in humans

Drug name Sponsor Mechanism of 
action

Class Clinical 
stage

Notes Refs
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Nouveaux endpoints, nouveaux biomarqueurs 
•  Quan-fica-on	  de	  l’AgHBs	  

	  -‐	  perte	  de	  l’AgHBs:	  critère	  de	  jugement	  des	  nouveaux	  traitements	  
	  -‐	  corrélé	  au	  cccDNA	  et	  HBVDNA	  intégré	  	  	  

•  RNA	  circulant	  
	  -‐	  inhibiteurs	  de	  capside	  
	  -‐	  corrélé	  à	  l’ac>vité	  transcrip>onnelle	  du	  cccDNA	  

•  AgHBcr	  	  
	  	  	  	  	  	  -‐	  corrélé	  à	  l’HBV	  DNA	  et	  le	  cccDNA	  
	  	  	  	  	  	  -‐	  prédit	  la	  rechute	  à	  l’arrêt	  des	  NUC	  	  	  

•  Le	  retour	  de	  la	  biopsie	  hépa-que	  ?	  
	  -‐	  Evalua>on	  du	  cccDNA:	  quan>fica>on,	  epigene>cs	  
	  -‐	  Immunité	  intrahepa>que	  :	  ISGs,	  Immune	  cells	  



L’hépatite Delta: essais thérapeutiques 

! 36!

Table!3.!Summary!of!new!HDV!antiviral!therapies.!!

Compound! Phase!of!development! Comments!/!Data!
Entry!(NTCP)!inhibitor!!
Myrcludex!(Bulevirtide)!(Myr!PharmaG
ceuticals)!

Phase!3!(in!progress)!

!

• s.c.!application!
• well!tolerated!in!phase!1/2!clinical!studies!
• increase!in!bile!acids!(no!itching)!
• monotherapy:!decrease!in!HDV!RNA,!no!effect!on!

HBsAg!(135)!

• combination!with!PEGGIFN!alfa:!stronger!effect!on!HDV!

RNA!and!HBsAg!decline!(136)!

Farnesyltransferase!inhibitor!Lonafarnib!
(Eiger)!

Phase!3!(in!progress)! • oral!application!
• higher!doses!associated!with!GI!side!effects!(137)!
• boosting!with!ritonavir!allows!lower!doses!and!reduced!
side!effects!

• monotherapy:!HDV!RNA!decline,!no!effect!on!HBsAg!

• combination!with!PEGGIFN!alfa:!stronger!effect!on!HDV!

RNA!

• postGtreatment!viral!and!biochemical!flares,!which!were!

associated!with!subsequent!HDV!RNA!and!ALT!response!

(138)!

Interferon!!
Pegylated!Interferon!lambda!(Eiger)!

Phase!2! • s.c.!application!
• fewer!adverse!events!compared!with!PEGGIFN!alfa!

• on!treatment!ALT!flares!

• >!2log!decrease!of!HDV!RNA!in!50%!(139)!
Nucleic!acid!polymers!!
(REP!compound!series)!(Replicor)!

Phase!2! • i.v.!application!
• in!combination!with!TDF!and!PEGGIFN!alfa:!ALT!flares!

• strong!effect!on!HDV!RNA!and!HBsAg!(44)!
PEGGIFN!(pegylated!interferon),!GI!(gastrointestinal)!

!

 

 

 

 



Hépatite Delta : ATU Myrcludex  

•  ATU nominative, puis de cohorte 
–  Fibrose F3/F4, F2 avec cytolyse 

–  Monothérapie ou association avec PEGIFN 

–  Possibilité d’augmenter la posologie 

•  Observatoire ANRS en collaboration avec ANSM 
(BlueDelta) 



L’ANRS : un acteur majeur 

•  Actions Coordonnées 

•  Cohorte HEPATHER 

•  Observatoires ATU 

•  Workshop HBV Cure : meeting international annuel  

•  Relations internationales ICE-HBV 



Vaccination chez le nouveau-né: diminution de 
l’incidence du CHC à Taiwan en 20 ans  
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Poisson regression analysis adjusted for birth cohort, age at 
diagnosis, and sex. The vaccinated birth cohorts had a statistically 
significantly lower hepatocellular carcinoma incidence rate than 
the unvaccinated birth cohorts, with an adjusted relative risk 
of 0.31 (95% CI = 0.24 to 0.41,  P  < .001) ( Table 4 ). Boys had 
a statistically significantly higher incidence of hepatocellular 
carcinoma than girls (adjusted RR = 2.50, 95% CI = 2.04 to 3.01, 
 P  < .001).      

  HBsAg and Anti-HCV Serostatus 
 We also examined the characteristics of persons who were vacci-
nated against HBV and developed hepatocarcinoma to determine 
why they remained at risk (see    Supplementary Table 1, available 
online). Among 64 hepatocellular carcinoma patients born after 
July 1, 1984, 59 had data available concerning HBsAg serostatus at 
the time of hepatocellular carcinoma diagnosis. The HBsAg sero-
positivity rate (56 of 59 [94.9%]) was statistically significantly 
higher than that (219 of 17   637 [1.2%]) of an age-matched control 
from a community survey in Taiwan ( P  < .001) ( 16 ), suggesting 
that incidence of hepatocellular carcinoma among HBV vaccinees 
is associated with HBV infection. None of the remaining three 
HBsAg-seronegative hepatocellular carcinoma patients were 
anti-HCV positive. 

 Because anti-HCV testing was available widely in Taiwan after 
July 1, 1992, only those hepatocellular carcinoma patients who 
were diagnosed after that date were analyzed for anti-HCV data. 
All of the 23 vaccinated children aged 6 – 19 years who had hepato-
cellular carcinoma and who were tested for HCV status were 
anti-HCV seronegative.  

  Prenatal Maternal HBsAg and HBeAg Serostatus 
 We also investigated whether children who were diagnosed with 
hepatocellular carcinoma after the initiation of the vaccine program 
might have HBsAg- or HBeAg-seropositive mothers ( Table 5 ). 
Children whose mothers were seropositive for HBsAg and who 
were exposed perinatally (44 hepatocellular carcinoma patients 
and 729   420 persons in the entire vaccinated population) had a 
higher risk of developing hepatocellular carcinoma than those with 
HBsAg-seronegative mothers (eight hepatocellular carcinoma 
patients and 3   656   182 persons in the entire vaccinated population) 
(OR = 29.50, 95% CI = 13.98 to 62.60,  P  < .001).      

  HBV Immunization History 
 We also checked to determine whether those who developed hepa-
tocellular carcinoma in the vaccine era had been properly dosed 
and immunized ( Table 5 ). Those with incomplete HBV vaccina-
tion, that is, fewer than three doses of HBV vaccine (14 hepato-
cellular carcinoma patients and 395   976 persons in the entire 
vaccinated population), had a higher risk of developing hepato-
cellular carcinoma than those with complete HBV vaccination 
(42 hepatocellular carcinoma patients and 5   128   459 persons in the 
entire vaccinated population) (OR = 4.32, 95% CI = 2.34 to 7.91, 
 P  < .001). 

 Among the 35 children with hepatocellular carcinoma whose 
mothers had known prenatal HBsAg and HBeAg status, 27 hepa-
tocellular carcinoma patients with HBeAg-seropositive mothers 
should have received HBIG at birth in addition to three or 
more doses of HBV vaccine according to our protocol. We found 
that 19 of these 27 patients with highly infectious mothers 

 Table 3  .    Comparison of incidence rates of hepatocellular carcinoma (HCC) during July 1983 to June 2004 between boys and girls by 
age among birth cohorts born before vs after the national hepatitis B virus vaccination program *   

  Age at 
diagnosis, y Birth year

Male Female

Male to female 
rate ratio (95% CI)  P   Person-years No. of HCCs

Incidence rate 
(per 100   000 

person-years) Person-years No. of HCCs

Incidence rate 
(per 100   000 
person-years  

  6 – 9 1973 – 1984 7   743   549 63 0.81 7   296   999 11 0.15 5.40 (2.84 to 10.24) <.001 
 1984 – 1998 9   003   355 21 0.24 8   007   108 5 0.06 3.74 (1.41 to 9.91) .008 

 10 – 14 1968 – 1984 13   894   862 103 0.74 13   113   755 49 0.37 1.98 (1.41 to 2.79) <.001 
 1984 – 1994 7   478   178 18 0.23 6   917   809 10 0.14 1.67 (0.77 to 3.61) .196 

 15 – 19 1963 – 1984 18   703   552 156 0.83 17   743   687 62 0.35 2.38 (1.78 to 3.20) <.001 
 1984 – 1989 3   253   139 7 0.22 3   049   751 3 0.10 2.19 (0.57 to 8.46) .256  

  *   Rate ratios with 95% CIs and  P  values were estimated by Poisson regression analysis. All statistical tests were two-sided. CI = confidence interval.   

 Table 4  .    Multivariable-adjusted relative risk of developing hepatocellular carcinoma (HCC) between July 1983 and June 2004 in birth 
cohorts born before vs after the national hepatitis B virus vaccination program *   

  Variable Group Person-years No. of HCCs RR (95% CI)  P   

  Birth cohort Nonvaccinated 78   496   404 444 1.00 (referent)  
 Vaccinated 37   709   340 64 0.31 (0.24 to 0.41) <.001 

 Age, y 6 – 9 32   051   011 100 1.00 (referent)  
 10 – 14 41   404   604 180 1.18 (0.92 to 1.51) .183 
 15 – 19 42   750   129 228 1.26 (0.99 to 1.60) .065 

 Sex Female 56   129   109 140 1.00 (referent)  
 Male 60   076   635 368 2.50 (2.04 to 3.01) <.001  

  *   Rate ratio with 95% CIs and  P  values were estimated by Poisson regression analysis. All statistical tests are two-sided. CI = confidence interval; RR = relative 
risk.   
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