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New insights into immunoptahogenesis and management of

hepatitis B virus infection
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HCV vs. HBV
Why is HBV cure so difficult??

cccDNA

HCV HBV

Virus persistence…
by.

… permanent replication …. establishment of persistence
reservoir
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Management of
hepatitis B virus 

infection
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Stages of chronic HBV infection

viremic infection

Anti-HBc
HBsAg

HBV-DNA

cccDNA
HBV-DNA

HBsAg
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Therapeutic algorithm
chronic HBV infection – when to treat

chronic HBV infection (HBsAg +)

Cirrhosis (by histology, transient elastography, biochemistry, clinics)

NO

Check-up in 6-12 
months

YES

HBV-DNA + (PCR)

YES NO

Check-up in 3-
6 months

therapy

NO

HBV-DNA >2.000 IU/ml

YES

ALT repeatedly elevated (>ULN) 
and/or fibrosis

YES

therapy

NO

Check-up in 6-
12 months
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chronic HBV infection
current treatment options

pegylated interferon-alpha Nucleos(t)id analogues (NA)

Entecavir Tenofovir

6



5/13/22

4

Stages of chronic HBV infection

viremic infection Replication control

Anti-HBc
HBsAg

HBV-DNA

cccDNA
HBV-DNA

HBsAg

cccDNA

HBsAg

PEG- IFN NA

7

Why functional cure
HCC risk in patients with viral suppression or HBsAg-loss

Yip et al., J Hepatol. 2019;70(3):361-370.

8



5/13/22

5

Stages of chronic HBV infection

viremic infection Replication control functional cure 
(HBsAg loss)

Anti-HBc
HBsAg

HBV-DNA

cccDNA
HBV-DNA

HBsAg

cccDNA

HBsAg

cccDNA

(Anti-HBs)
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HBV cure with current therapies

HBeAg+ patients: 48 weeks PEG-IFN:
approx. 3-7% HBsAg-loss after 6 months

48 weeks NA-therapy: 
ca. 0-3% HBsAg-loss after 6 months

HBeAg- patients: 48 weeks PEG-IFN:
ca. 4% HBsAg-loss after 6 months

48 weeks NA-therapy: 
0% HBsAg-loss after 6 months

EASL Guidelines 2017
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Chronic Hepatitis B –
„functional cure“ with current therapeutic strategies

Stopping NAs?

Ghany et al., Lancet Gastroenterol Hepatol, 2020
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Stop NUC treatment?

Berg et al. FINITE study. J Hepatol 2017; 67:918–24 Liem et al. TORONTO STOP study. GUT 2019; 68:2206-2213

Low rates of HBsAg loss after stop of NUC treatment
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Retract-B Study?

Hirode et al. Gastroenterology 2022; 162:757-771
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Stages of chronic HBV infection

viremic infection Replication control functional cure
(HBsAg loss)

Anti-HBc
HBsAg

HBV-DNA

cccDNA
HBV-DNA

HBsAg

cccDNA

HBsAg

cccDNA

(Anti-HBs)
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Chronic Hepatitis B –
Aim of „functional cure“ with new therapeutic strategies

NTCP

pgRNA

NUCs

viral RNAs

cccDNApräS-RNA/
präcore-RNA

Pcore

RC-DNA

RNA

HBsAg

SVP

Entry inhibition

NAPssiRNA CAMs

PD-1

Checkpoint 
Blockade

Y
„Exhausted“ HBV-

specific T cell

Y
Y

Cytokines

Therapeutic 
vaccination
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Hepatitis B: siRNA AB-729

• Blocks all HBV transcripts
• Injections each 4 / 8 weeks
• Duration 24 -> 48 weeks

• 15/20 patients reach HBsAg <100 IU/ml

• Reductions in total-HBV-RNA, pgRNA, 
L-HBsAg and M-HBsAg

• Activation of von HBV-spezific CD8+ T 
cells

Yuen MF et al., ILC 2021 (LBO-2764), Thi et al., ILC 2021 (PO-2822), Paratala et al., ILC 2021 (PO-2823)
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Conclusion HBV management

• „functional cure“ = HBsAg-loss remains the exception with current therapies 
(NAs +/- PEG-IFN)

• Approx. 70% of patients experience virological relapse 4 years after NA 
withdrawal

• New treatments like entry inhibitors or interfering RNAs appear to be 
promising candidates for future therapeutic strategies
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Immunopathogenesis 
of HBV
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Role of HBV specific CD8+ T-cells

Fisicaro, Boni Frontier immunol 2020

CD8+

infected
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detectable virus-specific
CD8+ T-cell response

no detectable virus-specific
CD8+ T-cell response

core18

87.0%

n=23

env183

n=32

25.0%

pol455

n=33

66.7%

0.35%

CD8

te
tra

m
er

before
enrichment

after 
enrichment

7.92% 0.0%

before
enrichment

1.22%

after 
enrichment

pol455core18

before
enrichment

env183

0.0%

after 
enrichment

0.13%

Differences in HBV specific CD8+ T-cell responses

Schuch et al, GUT 2019

• Lack of HBsAg specific CD8+ T cell responses with increasing duration of infection
• Mechanism unknown
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Le Bert, Gill, Hong et al Gastroenterology 2020

Effects of HBsAg on specific CD8+ T-cell 
responses

Duration of HBsAg exposure rather than quantity of HBsAg linked to T cell response
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detectable virus-specific
CD8+ T-cell response

no detectable virus-specific
CD8+ T-cell response

core18

87.0%
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0.13%

Differences in HBV specific CD8+ T-cell responses

Schuch et al, GUT 2019

• Core and Pol specific CD8+ T cells detectable in majority of patients
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HBV specific CD8+ T cells are less exhausted 
compared to HCV

Heim, unpublished
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HBV core18
HBV pol455
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Does the molecular profile of HBV-specific 
CD8+ T cells  targeting cor and pol differs?

Different subset diversification in HBV-specific CD8+ T cells with enforced cytotoxic 
signature in HBV pol455-specific CD8+ T cells. 
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Cytolytic pol-specific CD8+ T cells are linked to 
endogeneous control of HBV Infection

NUC 
treated
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Can antiviral therapy restore HBV 

specific T cell dysfunction?
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Sung et al Frontier immunol 2020

IT: Immuntolerant
IA: Immune actibe
AT antiviral treatment

At least partial restoration of HBV specific CD8+ T-cell function 
after therapy mediated antigen reduction

Therapy mediated restoration of HBV 
specific CD8+ T cells
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Functional PD1+ cor and pol specific CD8+ T cells may predict 
absence of flare after discontinuation

Functional relevance HBV specific
CD8 T cells under NUC treatment

JCI 2018
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Lessons learned from HCV: CD8+ T-cell exhaustion 
reversible after antigen elimination?

Maintenance of a molecular scar after antigen elimination

Hensel et al, Abdel-Hakeem et al, Yates et al, Tonnerre et al Nature Immunology 2021
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GUT 2021

Transcriptional scar of HBV specific CD8+ T cell exhaustion after antigen elimination

TOX expression maintained after antigen elimination
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Molecular scar in HBV specific CD8+ T cells after 
antigen elimination?

No complete recovery of HBV specific CD8+ T cells after resolution of chronic infection 

Boni  et al Gastroenterology 2012

Le Bert et al Gastroenterology 2020
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Restoration of HBV specific T cell dysfunction by 
checkpoint inhibitors, vaccination?
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Hepatol Int. 2019
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J Hepatol 2019
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Gastroenterology 2020
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Finally,

Lessons learned from SARS-CoV2?
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Lessons learned from SARS-CoV2
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Conclusion HBV immunopathogenesis

• Virus-specific CD8+ T cells are heterogeneous with respect to function and 
transcriptional profile depending of antigen

• Cytolytic pol-specific CD8+ T cells are linked to endogenous control

• Virus-specific CD8+ T cells remain a molecular scar after chronic antigen 
stimulation

• Partial reversion with checkpoint inhibitors/ vaccination
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