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•  HBV Reverse Transcriptase acts during the late stages of 
HBV life cycle, downstream cccDNA production 

Reverse Transcription 
occurs during late 

stages of HBV life cycle 



•  The current NUCs can efficiently inhibit HBV Reverse 
Transcriptase activity thus suppressing the production of 
viral particles 



Current antiviral drugs for the treatment  
of chronic hepatitis B are highly potent 

Virological response to Tenofovir Virological response to Entecavir 

Follow up (yrs) 4 3 3 5 5 3 

N° of patients 374 440 400 418 222 333 

1. Lampertico, et al. EASL 2013; 2. Seto, et al. J Gastroenterol 
Hepatol 2014; 3 Zoutendijk, et al. Hepatology 2011  

1.Lampertico, et al. AISF 2014; 2.Pageaux, et al  
EASL 2014; 3.Petersen, et al EASL 2014 



Marcellin et al., Lancet 2012 

Long term suppression of viral production can 
dampen liver inflammation thus leading to regression  

of fibrosis and cirrhosis 

Chang et al., Hepatology 2010 

Entecavir Tenofovir 



•  The currently available anti-HBV drugs cannot efficiently affect  
the burden of cccDNA and its metabolic activity 

Production of viral 
proteins despite 

virological suppression 



HBeAg positive HBeAg negative 

•  After 1 year of NA therapy, there was a 4–7 log10 IU/mL reduction in serum HBV 
DNA, whereas the overall reduction of qHBsAg and cccDNA was relatively 
small (implying a time period for cccDNA clearance of at least 14 years).  

•  Serum HBV DNA was undetectable in 75% (88/117) of patients, HBsAg and cccDNA 
was undetectable in 0% and 4.3% of patients, respectively.  



•  The persistence of cccDNA and its metabolic activity 
have potential implications in hepatocarcinogenesis 



HBV & its oncogenetic properties 

Neuveut et al., J Hepatol 2009



•  Deletions or stop codons in the S gene determine the production of 
structurally modified surface glycoproteins 

•  These modified antigens are retained in the hepatocytes, thus inducing 
an oxydative stress and in turn an increased rate of cell proliferation 

Chisari et al., Cell 1989; Raimondo et al., J Hepatol 2004; Wang et al., Cancer Sci 2006;  
Lai et al., Antiviral Ther 2008; Liu et al., J Natl Cancer Inst 2009; Pollicino et al., Hepatology 2014  



Deletions in surface proteins 

No deletion 

P<0.001 

•  Different studies have highlighted the correlation between 
deletions in Surface glycoproteins and an increased risk of 
liver cancer 

Figure from Chen et al., Gatroenterology 2007. Similar results obtained also in: 
 Raimondo et al., J Hepatol 2004 and Chen et al., J Infect Dis 2008;  



Hai et al., WJG 2014 
Levrero et al., Semin Liver Dis 2013 

Brechot, Gatroenterology 2007 

HBV DNA 

Integration of HBV genome  
in cell genome can favor: 

Up-regulation of  
Oncogenes 

(Such as Cyclin E1 and Tert) 

Hyper-expression of 
HBx and truncated HBs 

Loss of  
oncosuppressor genes 

(p53, pRB) 



Anti-HBV treatment cannot inhibit: 
•  Metabolic activity of cccDNA. cccDNA continues to produce mutated  
     forms of HBx and surface glycoproteins 
•  The effect of integrated viral genome in cell genome 
This can contribute to a persistent risk to develop HCC even in 
patients successfully responding to anti-HBV therapy 



Anti-HBV treatment cannot  
abrogate the risk of HCC 

In patients successfully treated with the potent anti-HBV drugs, 
the risk of HCC still persists with an annual rate of: 
 
•  ≈ 1% in patients without cirrhosis  

•  ≈ 3% in patients with cirrhosis  

Chow JY, Gut 2014; Papatheodoridis G, Lampertico P AASLD 2013; Kim WR, et al. EASL 2013. 
Abs 43; Kim SS, et al. EASL 2013. Abs 652; Lampertico P, et al. AASLD 2012. Abs 366; Zoutendijk 

R, et al. Gut 2012; Hosaka T, et al. Hepatology 2012;  

Annual rates similar to those 
observed during the natural  

history of HBV infection 



•  This highlights the importance to continue HCC monitoring 
despite virological suppression 
 
•  This also opens the question on the timing of starting  
anti-HBV treatment 
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Persistent risk to develop HCC over time   

HBV oncogenetic properties can be established since 
the early phases of chronic HBV infection…….. 



Persistent risk to develop HCC over time   

….. This may suggest an anticipated initiation of anti-HBV 
treatment to prevent the onset of HBV-related oncogenetic 
mechanisms 



Modified from A. Marzano  



•  In this light, which are the potential future 
directions of HBV treatment? 

cccDNA: the key molecule to target to achieve HBV cure 



Biological Cure 
 
•  It implies the complete 

eradication of each cccDNA 
molecules by inducing the killing 
of each HBV infected cell 

 
 
 
 

Functional Cure 
 

•  Functional cure 
- off-therapy persistent HBV 
suppression  
- HBsAg loss and anti-HBs 
seroconversion: surrogate 
endpoint 
 

There are 2 types of HBV cure: 



Shi et al., JVH 2014 

•  Using reverse transcription polymerase chain reaction (RT-PCR) and 
fluorescence in situ hybridization (FISH), we observed the transcription of 
HBsAg coding genes and confirmed the integration of HBV DNA in 
CD34+ BM HSCs from chronic HBV infection patients. 

 
•  The results demonstrated that fewer CD3+TCRab+ CD3+CD4+ and 

CD4+CD8+ T cells were generated from the HSCs of the patients than from 
the healthy controls (P < 0.01). 

These data suggest that HBV DNA infected and integrated into the 
BMHSCs from patients with chronic HBV infection and that these 

BM HSCs generated defective T cells. 



Biological Cure 
 
•  It implies the complete 

eradication of each cccDNA 
molecules by inducing the killing 
of each HBV infected cell 

 
 
 
 

Functional Cure 
 

•  Functional cure 
- off-therapy persistent HBV 
suppression in the absence of 
liver damage 

There are 2 types of HBV cure: 



Which is the best surrogate marker  
of functional HBV cure? 

Achieving the state of  
inactive carrier 

Achieving the state of  
latent (occult) HBV infection 

•  HBsAg positivity 
•  Serum HBV DNA <2,000IU/ml 
•  Persistently normal transaminases 

•  Undetectable serum HBV DNA  
•  Persistently normal transaminases 
•  HBsAg negativity (as a marker of dormant 
     cccDNA) 



Werle et al., Gastroenterology 2004 Pollicino & Raimondo J Hepatol 2014

After the resolution of acute infection, cccDNA is tightly controlled 
by the presence of functionally efficient central/effector memory T 
cells. This allows HBV entry in a latent phase (occult infection) 



Belloni et al., J Clin Investigation 2012 

Liu et al., Plos Pathogen 2013 

«Administration of IFN-α resulted in cccDNA-bound histone hypoacetylation as well as 
active recruitment to the cccDNA of transcriptional corepressors. IFN-α treatment also 
reduced binding of the transcription factors to activate cccDNA»  
 
 





Short-term administration of the TLR-7 agonist provided long-term suppression of 
serum and liver HBV DNA. Serum levels of hepatitis B surface antigen and hepatitis B 
e antigen, and numbers of HBV antigen-positive hepatocytes, were reduced as 
hepatocyte apoptosis increased. 

TLR agonists: a novel approach providing refreshing 
perspectives on how to tackle chronic HBV infection  



HBcAg: a potential new therapeutic target to inhibit 
not only viral assembly but also cccDNA trascriptional activity 



The concept of  combination therapy 



The functional HBV cure implies the silencing of cccDNA  
but not the silencing of integrated HBV genome…… 
 

            …. This implies continuing HCC monitoring 
     

 
 



Reawaken the immune system  
asleep by the long virological suppression 



Hadziyannis SJ, Gastroenterolgy 2012 

•  33 HBeAg-negative patients with CHB 
•  undetectable HBV DNA, and normal levels of ALT after long-term 
(4 or 5 years) treatment with ADV 

•  All patients were followed for 5.5 years  



Hadziyannis SJ, Gastroenterolgy 2012 

18 patients (55%) who had discontinued antiviral therapy achieved sustained 
response (HBV DNA level 2000 IU/L, persistently normal level of ALT). Among 
these, 13 cleared HBsAg 



Multivariate analysis: 
 
•  Higher pretreatment and EOT levels of ALT 
 
•  No previous treatment with interferon 
 
•  Lower level of HBsAg (<1,000IU/ml) at the EOT 
significantly associated with HBsAg clearance 



•  The absence of drug pressure should favor an increase in 
viremia, that in turn should stimulate anti-HBV immune 
responses.  

 
•  This should promote a better control of HBV replication thus 

leading the patient to HBsAg seroconversion.  



Conclusions 
•  The current NUCs can efficiently inhibit the production of viral particles. 
However they have only a minimal activity on the metabolic activity of 
cccDNA and integrated HBV genome. 

 - This implies to continue HCC surveillance 
 
•  A pletora of new compounds and new therapeutic strategies are in 

progress in order to achieve higher rates of HBsAg loss (reflecting the 
silencing of cccDNA and functional HBV cure)   

•  Starting therapy sooner (either suppressive or curative) is important to 
strongly limit the risk of HCC. 

 


