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Are serum HBV RNAs and HBcrAg non-
invasive markers of intrahepatic cccDNA?
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Why do we need a biomarker for cccDNA transcriptional activity?

Possible dissociation between cccDNA levels and cccDNA transcriptional activity...
(3.5Kb RNA/cccDNA ratio)

...during CHB natural history

Intrahepatic virological profiles of Chronic Hepatitis B stages
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...during antiviral therapy

Long term telbivudine-treated patients

3.5Kb RNA quantification
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Why do we need a biomarker for cccDNA transcriptional activity?

THERAPY
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« inactivation »

Gold standard: intrahepatic assessment of both
» cccDNA quantity
» cccDNA activity

Limitations: invasive technique (FNA should be considered!!)

sampling bias (tiny portion of the whole liver)
technical challenges



Composite marker

HBcrAg — where does it come from?

Translated from overlength HBV RNA, thus only produced from cccDNA
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HBcrAg — available assay
CLEIA® HBcrAg assay kit (Lumipulse System, Fujirebio, Inc.)

Capture: mixture of 3 monoclonal
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——— " i 7 e HBcAg, HBeAg and other

ane m Jdd H
particle partﬁ:tlzle dpsls o \Qi\ sandwich assay) precore/core proteins
aRrr:Se db = 9Es oo HBeAg,
p HBcAg HBeAg  p22cr HBcAg, p22cr
HB [ Antibodies coated
cAg GHBcrAg%ts @magneuc Pre-treatment: detergents
microparticles

TTACT 2 S: ALP-labeled
-HBcrAg antibodies

HBeAg £ B
G-HBcrAg %s

TACT (53
-HBcrAg

{} AMPPD
anti-HBc W
Inactivated

o

Detection: Alkaline phosphatase
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*LOQ used in this study

Inoue, JHepatol 2021



HBcrAg is a biomarker of liver cccDNA pool
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109 Asian NUC-treated

HBcrAg and intrahepatic cccDNA transcriptional activity

CHB patients
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HBcrAg identifies a “highly active” group of HBeAg(-) patients

PCA analysis
BeAg
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HBcrAg identifies a “highly active” group of HBeAg(-) patients

PCA analysis
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cccDNA levels quantified from FNAs correlate with HBcrAg
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Quantification by
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FNAs allow quantification of intrahepatic

HBYV markers by ddPCR
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HBcrAg - summary

Correlates with intrahepatic cccDNA pool and cccDNA transcriptional activity
Might help in discriminating « active » from « inactive » HBeAg(-) patients
Most of HBcrAg(-) patients still have transcriptionally active cccDNA

Need for better sensitivity?

Limited use in HBeAg(+) patients



Abbott tests to discriminate HBcAg from P-HBCcAg

Phosphorylation of HBc-CTD fine
tunes interaction with nucleic acids

De Rocquigny, Viruses 2020



Abbott tests to discriminate HBcAg from P-HBCcAg

Chemiluminescent microparticle automated immunoassays for:
HBcAg (HBV DNA-containing particles)
P-HBcAg, non-HBV DNA-containing particles
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Phosphorylation of HBc-CTD fine
tunes interaction with nucleic acids
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HBcAg reflects mostly viremia
P-HBcAg can be used to monitor cccDNA levels and transcriptional activity?

P-HBcAg can be used to differentiate classes of CAMs in combination with serum HBV RNA
(e.g. CAM-E would reduce RNA but not P-HBCcAQ)



Cytoplasm

Nucleus

Serum HBV RNA - where do they come from?

Circulating RNA
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Adapted from Testoni, Sem Adv Liver Dis 2017

3.5Kb RNA is only transcribed from cccDNA

Encapsidated pgRNA is the
predominant form of circulating
HBV RNA

Wang, JHepatol 2016
Jansen, JID 2016

& others



Serum HBV pgRNA correlates with liver cccDNA transcriptional activity
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Serum HBV RNA correlate with liver cccDNA transcriptional activity

Hu-Hep mouse model
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Complexity of serum HBV RNA and assays for their quantification!
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Liu, Hepatology 2018

Table 1 | Methods for quantification of HBV RNA in serum

Method Details Reverse Primer LLOQ and LLOD
transcription sites
primer
RT-gPCR RNA isolation (including DNase HBV specific ~ Precore,  2.55 log,, copies/mL
treatment) and subsequent PCR X,Cor (LLOQ)™; 1.85 log,,
method with specific primers either Sregion  copies/mL (LLOD)"
gﬁzg:ﬂt/lﬂ%glrﬁ-genomnc orall HBV 2610 g,, copie Il
(LLOD)”
Droplet digital PCR Droplet digital PCR*"'“71%* HBV specific  allregions 100 copies/mL=
2 log,, copies/mL
(LLOD)™
3’ Rapid amplification ~ Oligo (dT) primer plus a unique Oligo(dT) Poly(A) tail 2.6-3.4 log,, copies/mL
of cDNA ends artificial anchored sequence to primer (LLOD)*+*
(RACE)-based generate cDNA %1%
QuantGene assays Hybridization-based and viabranched NA Xregion  NA

DNA signal amplification technology—
measurement via luminometer™*

Indirect HBV (DNA + RNA) minus DNA HBV specific ~ Precore 2.2-2.3 log,, copies/mL
determined by real-time PCR'/%*"! andC (LLOD)* 7>
Serum HBV pgRNA minus HBV pcRNA fedion
getermmed oy reargmercer .
N
Commercial RNA assays (currently research use only)
Abbott® Serum HBV RNA, real-time PCR™ NA NA 10 copies/mL (LLOD, V2)
Roche®'” Serum HBV RNA, real-time PCR NA NA 10 copies/mL (LLOQ);
10-10° copies/mL (linear
range)

J

Kramvis, Nat Rev Gastroenterol Hepatol 2022



Abbott RealTime RUO assay and cobas® HBV RNA assay

A
5-| 95 HBV RNA |- AAAAAAAAAAAAAAAAAAAAAAAAAAAA-3'
— — - TTTTTTT T
Forward primer Probe Reverse primer
Primers and probes located across 3’ end canonical
polyadenylation signal
(lost in integrated HBV DNA)
pgRNA
X target Scholtes, J Clin Virol 2022
Jackson, J Med Virol 2022

Primers and probes are designed to conserved
regions within the 5’ end of the X gene and the 3’

end of the core gene

Targets are independently detected

Butler, Hepatology 2018;
Anderson, CID 2021
Anderson, Hepatol Commun 2023



Abbott RealTime RUO assay and cobas® HBV RNA assay

X target

Primers and probes are designed to conserved
regions within the 5’ end of the X gene and the 3’

end of the core gene

Targets are independently detected

Butler, Hepatology 2018;
Anderson, CID 2021
Anderson, Hepatol Commun 2023
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Forward primer Probe Reverse primer

Primers and probes located across 3’ end canonical

polyadenylation signal
(lost in integrated HBV DNA)

Scholtes, J Clin Virol 2022
Jackson, J Med Virol 2022

Lyon, Dec 7th 2018



cccDNA (log,, copies/cell)

Serum HBV RNA correlates with liver cccDNA transcriptional activity
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Serum HBV RNA correlates with liver cccDNA transcriptional activity

_ 30 long term NUC-treated CHB patients
e (ECOGREFFE French prospective cohort) vileret, JHEP Reports 2023
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Serum HBV RNA correlates with liver cccDNA transcriptional activity
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Serum HBV RNA correlates with liver cccDNA transcriptional activity
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Serum HBV RNA - summary

Correlates with intrahepatic cccDNA transcriptional activity in untreated and NUC-treated CHB patients
Interpretation of results may differ according to the assay used for RNA quantification

Standardization required!!!



Conclusions and open questions

HBcrAg and serum HBV RNA promising surrogate markers of cccDNA transcriptional activity,
what about their combination?

HBcrAg & serum HBV RNA associated to HBsAg may help stratifying patients for the probability of
achieving functional cure and for managing the duration of therapy

Need of knowledge from translational studies coupling intrahepatic and serum markers correlation!!

- FNA could allow longitudinal studies of both cccDNA pool/activity and immune correlates

Biomarkers have to be selected according to the therapeutic strategy:
- Target engagement vs cccDNA biomarker!!!
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HBcrAg and intrahepatic cccDNA transcriptional activity

Table 2. Correlations between HBcrAg, qHBsAg, serum HBV-DNA and intrahepatic viral markers.
Liver markers

tHBV-DNA cccDNA pgRNA cccDNA transcriptional activity
(pgRNA/cccDNA)
ALL' -
HBcrAg R =0.85; p <0.0001 R =0.74; p <0.0001 R =0.75; p <0.0001 R =0.52; p <0.0001
qHBsAg R=0.38; p=0.003 R=0.26; p =0.044 R=0.35; p=0.006 R=0.29; p=0.023
Serum HBV DNA R =0.78; p <0.0001 R=0.57; p <0.0001 R=0.41; p <0.0001 R=0.25; p=0.015
HBeAg+ chronic hepatitis® (n=32)
HBcrAg R =0.79; p <0.0001 R = 0.80; p <0.0001 R =0.68; p = 0.004 =-0.02; p=n.s.
qHBsAg R=0.49; p=n.s. R=0.33; p=0.01 R=0.32; p=ns. R=026; p=n.s.
Serum HBV DNA R=0.50; p=0.003 R=0.29; p=ns. c " . -
HBeAg— chronic hepatitis' (n=43)
HBcrAg R=0.61; p <0.0001 R=0.25; p=ns. R=0.81; p <0.0001 R=0.70; p <0.0001
qHBsAg R=-0.15; p=n.s. R=-04; p=0.01 R=-0.02; p=ns. R=0.15; p=n.s.
Serum HBV DNA R=0.71; p <0.0001 R=0.19; p=ns. R=0.79; p <0.0001 R=0.66; p =0.0002
HBeAg— chronic infection' (n=18)
HBcrAg R=0.34; p=ns. R=0.47; p=0.05 R=0.29; p=0.09 R=0.11; p=ns.
qHBsAg R=0.24; p=n.s. =-0.03; p=n.s. =—-0.12; p=n.s. R=0.08; p=n.s.
Serum HBV DNA =-0.02; p=n.s. R=0.27; p=ns. R=0.39; p=n.s. R=0.28; p=n.s.

HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; pgRNA, pregenomic RNA; qHBsAg, quantitative hepatitis B surface antigen.
The correlation coefficient was calculated using Spearman’s correlation test. Twotailed p value was calculated for a risk threshold « = 0.05.

! Only patients with positive HBcrAg quantification (i.e. >3 LogU/ml) were included in the analysis.
2 HBeAg+ chronic infection category was composed by only 4 patients (see Table S1), therefore it was not included in the analysis.

Testoni, JHepatol 2019

This work was supported by a public grant overseen by the French National Research Agency (ANR) as part of the second “Investissements d’Avenir” program (reference: ANR-17-RHUS-0003)



Table 1. Patients’ characteristics

cocDNA

~ENENERl

HEBs

~iTERERiE

(2]

cccONA

~(EERRRAEE

MENE-ERERED

o serum Serum serum  Serum . Ishak EASL Additional
oS o ID Age Sex Ethnic origin Genotype HBsA HBeAg HBeAb HBcrA HBV RNA Fibrosis
% 0P 4P P (P B KL T I PLPL g 9 yp (log 10 lmﬁ’_) 9 ﬂ?gvlul:l)n!i? (108 U/mg (log lUmLy V1) Stage (6) category Notes

i B 259 30 Male Caucasian - European D 488 Neg Pos 219 37 nd. 55 2 HBeAg- chronic  Nil
o Egeg W hepatitis

S 262 30 Female Asian - Bangladeshi nd. 434 Pos Neg 9.88 9.1 88 100 3 HBeAg+ chronic  Nil
ool hepatitis

M—_ 3:,”. ot .F,';"_'- 265 33 Male  Asian - Bangladeshi D 377 Neg Pos 3.98 3 nd. 34 1 HBeAg- chronic  Nil
) 3 hepatitis

" 267 59 Male Asian - Bangladeshi n.d. 281 Neg Pos 3.15 <2 d.ng. 13 0  HBeAg- chronic  Nil
W AL e e infection

D 279 35 Male Asian - Bangladeshi C 141  Pos Neg 516 6.6 35 65 3 HBeAg+ chronic  Nil
o® c\."’ v“"" w’g“‘ \\‘0“ hepatitis

< - 280 35 Male Asian - Pakistani n.d. 3.89 Pos Neg 130 53 28 54 2  HBeAg+ chronic  On treatment
“ = hepatitis  (TDF)

S 3 - 281 42 Male Afro Caribbean nd. 226 Neg Pos 179 3 nd. 35 1  HBeAg- chronic  Nil
. hepatitis

] 283 22 Male Afro Caribbean E 416 Pos Neg 5.67 5.5 2.6 25 2 HBeAg+ chronic  Nil
hepatitis

284 33 Male Asian - Bangladeshi A 442 Neg Pos 464 4 18 19 1  HBeAg- chronic  Nil
hepatitis

285 54  Female Caucasian - - - - - - - 69 nd. - AlH; portal-based
inflammation
52 67  Female Caucasian - - - - - - - 47 1 - Cytolysis
59 52  Female Caucasian - - - - - - - 67 1 - Cytolysis,

steatosis 5%

IH, autoimmune hepatitis; ALT, alanin aminotransferase; d.n.q., detected not quantified; HBcrAg, hepatitis B core-related antigen; HBeAb, hepatitis B e antibody; n.d. not detected; TDF, tenofovir disoproxil fumarate
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Analytical validation of hepatitis B core-related
antigen (HBcrAg) using dried blood spots (DBS)

Yusuke Shimakawa 1, Laura Vernoux 2, Audrey Gabassi 3, Séverine Mercier-Delarue
Jeanne Perpétue Vincent ', Frangois Simon 3, Sarah Maylin 2

DBS HBcrAg levels (log U/ml)

HBcrAg in resource-limited settings

All genotypes

r=0.9394
p < 0.0001

y = 0.7989x - 0.2426

RN

3

4 5
HBV DNA levels (log10 IU/ml)

3

!

Minimally invasive

No cold chain

Genotype independent

|dentify highly viremic individuals who
need antiviral therapy — prevent mother
to child transmission
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Abbott RealTime 0.2 mL HBV RNA Research Use Only (RUO) assay

X target

Primers and probes are designed to conserved
regions within the 5’ end of the X gene and the 3’

end of the core gene

Targets are independently detected

Genotype independent

LOD X target 1.65 log U/mL and
Core target 1.67 log U/mL

Calibration of the HBV RNA assay was established using
DNA-extracted HBV DNA secondary standards
1 U RNA equivalent to 1 IU of HBV DNA

x pgRNA (log U/ml) >
e w o ~ o0 o

w

4
Diferencex - core {log U/ml)
5 © o o
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core pgRNA (log U/ml)
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Bias -0.218 o -2 T ¥ S R e, %

Mean pgRNA result (log U/ml)

results for X and core target detection among the
samples tested were comparable

26 NUC-treated and102 untreated CHB patients

longitudinal cohort of 684 individual patients (n = 1827 samples) with
baseline and NA treatment time points

Butler, Hepatology 2018;
Anderson, CID 2021

Comparison between v1 and modified v2 assays showed increased
sensitivity from 152 copies/mL with v1 to 10 (0.6 mL) and 22 (0.2 mL)
copies/mL with v2, respectively (Anderson, Hepatology Comm 2023)



