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Natural course of chronic HBV infection



Natural history of HBV - New nomenclature

Chronic Infection

Chronic
Hepatitis

EASL 2017 CPG HBV, J Hepatol 2017, epub April



Natural history of HBV and treatment indications

PHASE 1 2 3 4

New

terminology

HBeAg positive

Chronic infection

HBeAg positive

Chronic hepatitis

HBeAg negative

Chronic infection

HBeAg negative

Chronic hepatitis

Old 

terminology
Immune tolerant

HBeAg-positive 

CHB
Inactive carrier

HBeAg-negative 

CHB

HBsAg High High/Intermediate Low Intermediate

HBeAg Positive Positive Negative Negative

HBV DNA >107 IU/mL 104-107 IU/mL  <2,000 IU/mL* >2,000 IU/mL 

ALT Normal Elevated Normal Elevated**

Liver disease None/minimal Moderate/severe None Moderate/severe

Disease 

progression
Low Moderate to high No, very low Moderate to high

Treatment Not indicated*** Indicated Not indicated Indicated

* HBV-DNA levels can be between 2,000 and 20,000 IU/mL in some patients without signs of chronic hepatitis

** Persistently or intermittently

*** Treatment is indicated in some patients

EASL 2017 CPG HBV, J Hepatol 2017
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Evidence of immune activity in HBeAg positive chronic infection

Kennedy PT et al Gastroenterology 2012





The study confirms the presence of HBV-specific T cell responses and the significant extent

of HBV-DNA integration/cell mutagenesis along with clonal hepatocyte expansion in the IT

phase and accross the different disease phases.

These findings challenge the notion of an IT phase without disease progression and raise

questions about the timing of therapeutic intervention to minimize genetic damage to the

hepatocyte population and to reduce the carcinogenesis promoting effect of increased

hepatocyte tournover.



HCC risk and mortality

in immune-tolerant HBV infection

Mean age 38 years Mean age 40 years

Kim et al., Gut 2018

Death or transplant

HCC incidence



HCC risk and mortality

in immune-tolerant HBV infection

Mean age 38 years Mean age 40 years

Kim et al., Gut 2018

HCC incidence

Death or transplant

The study suggests that many unnecessary deaths could be

prevented by earlier antiviral intervention in the IT phases before the

appearance of clinically active liver disease



Indications for  treatment
EASL 2017



Early treatment in the HBeAg-positive chronic infection                       
(immune-tolerant) phase?

Zhu S et al. J Hepatol 2018

N=69

Control Group 
HBeAg seroconversion: 4.35%
HBsAg loss: 0%

HBV-DNA negative patients

55% at week 72

74% at week 96







NA discontinuation

Recommendations:

1) NAs should be discontinued after confirmed HBsAg loss, with or without anti-

HBs seroconversion. (Evidence level II-2, grade of recommendation 1).

2) NAs can be discontinued in non-cirrhotic HBeAg positive CHB patients who 

achieve stable HBeAg seroconversion and undetectable HBV DNA and who 

complete at least 12 months of consolidation therapy. Close post-NA monitoring is

warranted. (Evidence level II-2, grade of recommendation 2)

3) Discontinuation of NAs in selected non-cirrhotic HBeAg-negative patients who 

have achieved long-term (3 years) virological suppression under NA(s) may be 

considered if close post-NA monitoring can be guaranteed. (Evidence level II-2, 

grade of recommendation 2)

EASL 2017 CPG HBV, J Hepatol 2017



FINITE treatment duration for HBeAg negative chronic Hepatitis B?
The first prospective randomized trial (FINITE study)

TDF-Continue (N=21)

TDF-Stop (N=21)

Primary endpoint:
HBsAg loss by Week 144

Wk 0 Wk 48 Wk 144
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CHB patients 
• HBeAg-negative
• ≥4 years TDF therapy

Berg T et al. J Hepatol 2017, 67(5):918-924

• Open-label, multicenter, randomized, controlled trial

• HBeAg-negative at TDF initiation and randomization

• HBV DNA <400 copies/mL for ≥3.5 years before randomization

• No cirrhosis (Fibroscan 10 kPa), normal ALT, HBeAg-, anti-HBe+, HBsAg+ 

• No history of decompensated liver disease



Berg T et al. J Hepatol 2017, 67(5):918-924

ALT and HBV DNA after stopping NAs in the FINITE 
study

FINITE (TDF Stop) Continued TDF

Höner zu Siederdissen et al. 

J Infect Dis 2016; 214: 1492

Typical pattern of HBV DNA and ALT

increase during the reactivation phase

Week 144

69% HBV-DNA < 2,000 IU/ml

47% HBV-DNA < 29 IU/ml



Berg T et al. J Hepatol 2017, 67(5):918-924

FINITE treatment duration for HBeAg negative CHB

The first prospective randomized trial (FINITE study)

• 62% remained without treatment 3 years 
• 19% lost HBsAg



NUC discontinuation before HBsAg loss in HBeAg

negative CHB from Taiwan

Jeng WJ et al, Hepatology 2018

Probability of off-therapy HBsAg loss according to HBsAg levels at EOT

HBsAg loss

1.78% a year after suspension

0.15% a year under therapy

<100 IU/ml

100-499 IU/ml

>500 IU/ml





Effect of NA withdrawal



TIME

Risk of   
severe flare? 

ALT

Nucleos(t)ide
Analog (NA)

Lag-phase
(<1-12 

months)

HBV DNA

Reactivation phase 
( 3 months)

Limit of HBV DNA 
detection

Consolidation phase
( 12 months)

Long-term outcome Treatment phase
(> 3 years)

B) Sustained virologic response
(true „healthy carrier“ state)        
± HBsAg level decline  20-30%

A) HBsAg loss ( 20% after 2-3 
years of follow-up)

C) Indeterminate state not 
fulfilling immediate re-
treatment criteria ( 10-20%)  

D) Chronic hepatitis B 
requiring re-treatment ( 40%)

Potential outcome predictors

Age, time to undetectable HBV DNA, and duration of viral suppression under NA, HBsAg levels at NA 
baseline and NA cessation, type of NA (TDF vs. ETV), HBV DNA levels during reactivation phase, re-

treament strategy, and HBV genotype

NUC discontinuation in HBeAg negative CHB 

before HBsAg loss

Lampertico P and Berg T, Hepatology 2018



NA DISCONTINUATION IN HBe NEGATIVE CHB
TAKE-HOME MESSAGES

• NA discontinuation frequently results in a virologic/biochemical relapse that runs

through different phases (lag, reactivation and consolidation phases)

• The flares observed during the reactivation phase are often transient and likely

represent the trigger for a long-term HBV-specific immune control and do not

need immediate interventions but close follow-up evaluations

• To guarantee a safe and effective outcome of NA treatment discontinuation, the

NA re-treatment should be initiated timely enough to prevent harm for the patient,

but virologic and biochemical flares should be tolerated to some extent to allow

the establishment of a “functional cure“



Novel diagnostic tools

Is HBsAg loss an adequate endpoint for new treatment 
strategies?
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Dane 

particles cir HBV-RNAs 

HBV DNAs
• rc HBV DNA

• cccDNA (??)

• integrated HBV DNA

(as cfRNA)

HBV RNAs
• 3,5 Kb pgRNA

• 3,5 Kb core-Pol RNA

• subgenomic RNAs
2.4 - 2.1 Kb envelope RNAs

0.9-0.7 Kb HBx RNAs

• spliced RNAs



000

Effect of NUC treatment on serum and 
intrahepatic HBV DNA and HBsAg levels

Lai C-L et al. J Hepatol 2017; 66: 275
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HBcrAg correlates with cccDNA transcriptional activity

HBcrAg is a surrogate marker of both intrahepatic cccDNA
and its transcriptional activity that can be useful in the
evaluation of new antiviral therapies aiming at a functional
cure of HBV infection either by targeting directly or
indirectly the intrahepatic cccDNA pool

Testoni B et al. submitted; courtesy F. Zoulim



Correlation between HBcrAg, serum HBV DNA 

and qHBsAg levels

Testoni B et al. submitted; courtesy F. Zoulim
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Effect of NUC therapy on serum HBV pgRNA

Wang J. et al. J Hepatol 2016; 65: 700



000

Serum HBV pgRNA as a clinical marker for cccDNA activity

Giersch K et al. J Hepatol 2017; 66: 454

Humanized mouse model infected with HBeAg-positive wild-type HBV

untreated
NUC-treated
PegIFNa-treated

untreated
PegIFNa-treated



27.11.2018

Serum HBV RNA correlations with intrahepatic cccDNA in 
HBeAg positive and negative patients

Wang J. et al. J Hepatol 2017; 66: 454

HBeAg positive

HBeAg negative



27.11.2018

HBV pgRNA
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HBV pgRNA
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Wang J. et al. J Hepatol 2016; 65: 700

Effect of NUC therapy on serum HBV pgRNA

22/22

3/12

P<0.001



Van Bömmel F et al. Hepatology 2015; 61: 66

HBV trRNA
(log copies/mL)

HBV DNA 
(log copies/mL)

HBsAg IU/mL

HBV-RNA Quantification – a new biomarker to predict NUC response
(HBeAg seroconversion) in HBeAg positive patients

NUC treatment
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Serum HBV RNA as a clinical marker

• Serum HBV RNA could serve as a useful clinical surrogate marker to estimate 

the intrahepatic activity of cccDNA

• HBV RNA measurements could help monitoring the effectiveness of drugs 

aiming to affect cccDNA transcription and/or pgRNA stability

• Could potentially be used as a noninvasive diagnostic biomarker for liver

disease activity and progression (in patients receiving NA therapy)

• A marker to define “parafunctional cure”*: persistent loss of serum HBV RNA

*Wang J, … Lu F. J Hepatol 2017; 66: 454
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Pfefferkorkorn M. et al, Gut, 2018; 67: 2045

Acute 
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14

IC 
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Applications and clinical relevance of new HBV 
biomarkers

Functional cure Parafunctional cure „true“ inactive
carrier

HBsAg - + +

HBsAg components
MHBs and LHBs

- - -

HBcrAg - - (+)

HBV RNA - - -

Stable remission without treatment
No disease progression

+

+


