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The cccDNA:
the key molecule in HBV life-cycle and persistence in CHB
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Determination of HBV intrahepatic cccDNA amount
and activity remains challenging
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HBV serum markers of cccDNA amount and activity

As new therapies are developed, there is an urgent need for non-invasive
biomarkers reflecting cccDNA amounts and expression in the liver
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HBV serum markers of cccDNA amount and activity

As new therapies are developed, there is an urgent need for non-invasive
biomarkers reflecting cccDNA amounts and expression in the liver
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v To understand the mechanisms regulating cccDNA activity....
Without biopsies — the liver remains a black box yet!



Serum biomarkers: HBsAg

HBsAg is a classical marker mostly derived from the high production of SVPs

HBsAg clearance is considered the most important clinical endpoint

HBsAg loss is associated with histological improvement and reduced
HCC risk
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efficiently lower HBV DNA in serum
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Impact of NAs on cccDNA and HBsAg
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Patients studies show that NAs have no (very limited) impact on HBsAg levels
cccDNA amounts decrease slowly in NA-treated patients

HBV DNA suppression is not complete under NAs (Boyd, J.Hepatol. 2016)

Correlation between qHBsAg and cccDNA levels varies between studies

HBYV integrations may contribute to HBsAg production (i.e. HBeAg-negative)

(Werle-Lapostolle et al. Gastroenterol. 2004, Wursthorn et al. Hepatol. 2006, Volz et al. Gastroenterol. 2007; Woodell et al. Sci. Transl. Med. 2017)



Serum biomarkers: HBsAg

LAY

XX

Low HBsAg levels (BL) <——> Low cccDNA levels (+/- integrated sequences)

Low HBsAg levels ——> Best predictor in prevention of relapse after stopping NAs

HBsAg decrease ——> Good predictor of IFN response / efficacy of siRNA therapy

ﬂ Less HBV RNAs (degradation)
£y 1 Decrease of activity / silencing
,»CCCDNA levels might not change”

(Volz et al. Gastroenterol. 2007; Pfefferkorn Gut 2017, Pfefferkorn J. Hepatol. 2020; Gane et al. EASL 2020)



Impact of peg-IFNa on cccDNA and viral markers
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Allweiss, J.Hepatology2014;
IFN-a decreases the acetylation status of cccDNA-bound histones

Peg-IFNa can induce substantial epigenetic suppression of cccDNA transcription (and
partial degradation) even in the absence of immune responses

Reduction of HBV transcripts and reappearance of SMC5/6 compex play a key role in
cccDNA silencing

(Belloni, JCI 2012; Allweiss, J.Hepatology2014,; Tropberger PNAS 2015, Lucifora et al. Science 2014, Allweiss et al. EASL 2018;
Allweiss L., Giersch K., in revision)



Serum biomarkers: Hepatitis B core-related antigen (HBcrAg)
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The HBcrAg assay measures the combined
antigenic reactivity resulting from:

1) HBeAg (predominant component)
2) HBV core antigen (HBcAg)
3) 22KDa precore/core protein (p22cr);
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Serum biomarkers: HBcrAg

Studies show that HBcrAg correlates well with cccDNA loads ...
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Serum biomarkers: HBcrAg

124 NUC treated patients with paired liver biopsies

at baseline and year 1,
e 43 with third biopsy year 6-12
e Serum HBcrAg (Lumipulse)

cccDNA
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Wong DKH et al, Liver International, 12 Dec 2016, DOI:10.1111/liv.13346

HBcrAg correlates with intrahepatic cccDNA levels in NUC treated patients

HBcrAg was shown to predict clinical relapse after stopping NA treatment



Serum biomarkers: HBV RNA
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Adapted from Testoni et al. Seminars in Liver Disease 2017

v" pgRNA, spliced RNAs and X
RNAs are found in serum

v' HBV RNAs can be found in
naked capsids and enveloped

Wang J. et al. J.Hepatol. 2016; Jansen L. J. Inf. Dis 2016; Lam et al. Antimicrob Agent Chemother. 2017; Bai L. et al. J. Virol. 2018;
Wang et al. J. Hepatol. 2018; Niu C. et al. PLoS One 2017; Giersch K. et al. J. Hepatol. 2017; van Bémmel et al. 2018; Prakash K. et
al. Virol. J. 2018; Butler et al. Hepatol. 2018; Stadelmayer B. et al. J. Hepatol. 2020)
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Serum biomarkers: HBV RNA

[ tatal HBY RNA
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(Wang et al. ] Hepatol. 2016)

HBV RNA in serum is present in viral particles
with a similar density as HBV DNA particles

HBV RNA particles are produced at almost as
high rates as viral particles containing DNA.

Prakash et al. Virology Journal 2018



HBV RNA levels vary according to HBeAg status, disease status...

Serum - pPgRNA copies/cccDNA
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Serum pgRNA can serve as a biomarker of cccDNA activity
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Serum pgRNA can serve as marker of cccDNA activity

Correlation Correlation
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Serum pgRNA levels strongly correlates with the amount of pgRNA in the liver and with cccDNA
amounts in untreated mice (or NA-treated mice) — where cccDNA activity is not affected
IFN lowers HBV RNA levels in liver and serum:

good correlations between serum pgRNA and intrahepatic pgRNA

but no with cccDNA amounts (reduced cccDNA activity)

Serum pgRNA measurement may serve as a surrogate marker to assess the impact of drugs
affecting RNA levels: transcription / stability (i.e. IFNs; siRNAs; .... Co)AMs)



Serum pgRNA as a marker to assess the impact of CpAMs
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NVR 3-778 & PEG-IFNa, but not Entecavir, lower the levels of HBV RNA in serum without causing

substantial changes in cccDNA loads
Klumpp K. et al. Gastroenterol. 2018; Yuen MF et al. Gastroenterol. 2019

Zhang M, et al. EASL dILC2020



Serum biomarkers: HBV RNA

Low HBV RNA (BL) — Good predictor of sustained virological control
off-treatment

HBV RNA decrease ——> Good predictor of IFN response
Good marker to monitor therapy efficacy (CpAMs, siRNA)

ﬂ Less HBV RNAs (degradation)
£y 1 Decrease of activity / silencing
»CCCDNA levels might not change

Ill
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(Volz et al. Gastroenterol. 2007; Gane et al. EASL 2020; Janssen HL. EASL 2020; Fan et al. Clinical Gastroenterol & Hepatol. 2020 )



Conclusion: HBV serum markers of cccDNA expression

Different non-invasive HBV serum biomarkers reflecting cccDNA amounts and
activity in the liver have been identified

HBcrAg and pgRNA are very promising since these are more likely cccDNA-derived

v" To monitor therapy efficacy

v’ To identify patients that may

achieve sustained virological
control off-treatment

—

v' Composition of HBV RNA in
serum may serve as a marker

of cccDNA mutations and

turnover

(Huang Q. Hepatology 2020; Hong X. & Hu J.
Med. Virol. 2020)

Coffin, Gastroenterology 2019




