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HCV vs. HBV
Why is HBV cure so difficult??

Virus persistence...
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Management of
hepatitis B virus

infection
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Therapeutic algorithm
chronic HBV infection — when to treat

chronic HBV infection (HBsAg +) |

v

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

2 !l

HBV-DNA >2.000 IU/ml | HBV-DNA + (PCR) |
o ’ [No]
Check-up in 6-12 ALT repeatedly elevated (>ULN)
: . v
months and/or fibrosis -
NO 6 months
Check-up in 6-
12 months

chronic HBV infection
current treatment options

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

Entecavir " Tenofovir
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Stages of chronic HBV infection

Replication control

> D
W PeG- N L NA

viremic infection

HBV-DNA

HBsAg
Anti-HBc |

cccDNA

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

No complete viral suppression vs.

& 45
‘; 10 Complete viral suppression: Gray's test, p <0.001
g Complete viral suppression vs.
g HBsAg seroclearance: Gray's test, p <0.001
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Follow-up duration (years)

Yip et al., J Hepatol. 2019;70(3):361-370. i éi;wensnms
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Stages of chronic HBV infection

Replication control T UETEL T
P (HBsAg loss)

H BV-DNA
HBsAg

| Anti-HBc |

| (Anti-HBs) |

cccDNA cccDNA cccDNA
HBV-DNA i i
- #<— HBsAg - @
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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 —

ofunctional cure“ with current therapeutic strategies

Stopping NAs?

Review I

Serum alanine aminotransferase flares in chronic hepatitisB ()
infection: the good and the bad
. 4 Kyong-&l¥Chens HavyL Y CharcA Treatment phase

(>3years)

Nudeos{t)ide analogue

Lag-phase
(<1-12 months)

Reactivation phase
(about 3 months)

Consolidation phase
(about 12 months)

[—

~— Serum HBV DNA
concentration on treatment

e Serum ALT concentration
on treatment

--~ Serum HBYV DNA
concentration off
treatment
Serum ALT concentration
off treatment
Limit of HBY DNA

Ghany et al., Lancet Gastroenterol Hepatol, 2020

Time
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Low rates of HBsAg loss after stop of NUC treatment
Romained off therapy
— — = Restarted therapy -
g Contru TOF l Stop am_(n=45) | [Continue arm (n=22) |
Arm A (TDF-stop) - Arm B (TDF-continue) R?:_‘:;‘)’d N‘*(':_';‘;“d
6.0 4 ’ 5.0 5.0
’:E‘S.O, i R e —— =
2 4.0{%\ =40 £ = =
e b o S 3045 5N = 304
5’3.0 i_3/30 \/\/\__ g L # = == = — —
%’2.0 220 ;z.o o 2 : 20 — -
£10 £ 10 210 1.0
0.0 0.0 0.0 - - - . \ 0.0+ v - g
0 40 80 120 160 0 40 80 120 160 24 b 24 48 72 0 24 48 72
Study week Study week Follow-up (weeks) Follow-up (weeks) Follow-up (weeks)
Berg et al. FINITE study. J Hepatol 2017; 67:918-24 Liem et al. TORONTO STOP study. GUT 2019; 68:2206-2213
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Retract-B Study?

Gastroenterology 2022.162:757-7T1

CLINICAL—LIVER . .

Off-Therapy Response After Nucleos(t)ide Analogue Withdrawal ® &l § @

in Patients With Chronic Hepatitis B: An International, g

Multicenter, Multiethnic Cohort (RETRACT-B Study) 184 H &

Grishma Hirode, “~ Hannah S. J. Choi,’* Chien-Hung Chen,” Tung-Hung Su,” Wai-Kay Seto," 3 124 i

Stijn Van Hees,” Margarita Papatheodoridi,” Sabela Lens,” Grace Wong,

Sylvia M. Brakenhoff,”' Rong-Nan Chien,'* Jordan Feld,'” Milan J. Sonneveld,'’ 3 ol 20

Henry L. Y. Chan,'” Xavier Foms,” George V. Papatt Thomas V em,’ *

Man-Fung Yuen,” Yao-Chun Hsu,'” Jia-Homg Kao,” Markus Cornberg,'* Bettina E. Hansen,

Wen-Juei Jeng,”” and Harry L. A. Janssen,’~~ on Behalf of the RETRACT-B Study Group 01 ; v : o : CRCE Y S-S S
o 6 12 18 24 30 3% 42 o 6 12 18 24 30 ¥ 42 4@

Time since NA cessation (months) Time since NA cessation (months)

[ Virally suppressed, HBeAg negative CHB patient on NA therapy |

v v

Race/ethnicity I White ' | Asian I

End of therapy HBsAg HBsAg HBsAg HBsAg

HBsAg levels <1000 IU/mL 21000 IU/mL <100 IU/mL 2100 IU/mL

4-year off-therapy | 41% | I 5% I | 33% | [ 2% | )

HBsAg loss probability Hirode et al. Gastroenterology 2022; 162:757-771
Clinical recommendations | Stop NA I l Continue NA I | Stop NA | I Continue NA I
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Stages of chronic HBV infection
. .. . o functional cure
Replication control HBsAGd loss
HBV-DNA
H
| Anti-HBc |
| (Anti-HBs) |
cccDNA cccDNA cccDNA
HBV-DNA
@
< HBsAg <~ HBsAg pare
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Chronic Hepatitis B —

Aim of ,functional cure® with new therapeutic strategies

Entry inhibition
ﬂéS-RNA/
pracore-RNA

,Exhausted” HBV-
specific T cell

Cytokines

Therapeutic
vaccination

7

Checkpoint siRNA CAMs NUCs
Blockade

15

Hepatitis B: sSIRNA AB-729

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

-®-- Cohort E (N=7)
—&— Cohort F (N=7)
—O— Cohort | (N=6)

» 15/20 patients reach HBsAg <100 [U/ml

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

* Activation of von HBV-spezific CD8+ T
cells

mean (+SE) Alogy, HBsAg (IU/mL)

25, T T T T T T T ]

KLINIKUMe0rs

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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w1 Role of HBV specific CD8+ T-cells

HCV chronic HCV cured
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Fisicaro, Boni Frontier immunol 2020
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Differences in HBV specific CD8+ T-cell responses

coreqg polass envig;

before after before after before . after
enrichment enrichment enrichment enrichment enrichment enrichment

0.35%§ 0.0%O 1.22% o.o%O 0.13%0

tetramer——»

CD8 >
coreqg polyss €eNnVigs
detectable virus-specific
- CD8+ T-cell response
o o, no detectable virus-specific
87.0% 66.7% = CD8+ T-cell response
n=23 n=33 n=32

« Lack of HBsAg specific CD8+ T cell responses with increasing duration of infection
¢ Mechanism unknown
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Schuch et al, GUT 2019
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Effects of HBsAg on specific CD8+ T-cell

% HBV-specific T cell response

Duration of HBV infection

2] > @

Duration of HBsAg exposure rather than quantity of HBsAg linked to T cell response

% INIVERSITATS
FRKLINIKUM Retoure

Le Bert, Gill, Hong et al Gastroenterology 2020

21
coreqg polass envig;
before after before after before X after
enrichment enrichment enrichment enrichment enrichment enrichment

T 0.35%& 7.92"/ o.o%O 1.22% o.o%O 0.13% O

5 - B X o

2 - -

CD8 >
coresg polass envVigs
detectable virus-specific
CD8+ T-cell response
- b
no detectable virus-specific
87.0% 66.7% = CD8+ T-cell response
n=23 n=33 n=32
» Core and Pol specific CD8+ T cells detectable in majority of patients
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INIKUM Freisuse s
Schuch et al, GUT 2019
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HBV specific CD8+ T cells are less exhausted
compared to HCV

TCE7-—chis

[ LEF1—chrd

H SELL=~chet

CCRT=—che17

® HCv % I CXCR3--cheX

Infectiont @ HBV 3 ! ZEB1--chr10

b GSEA: T, signature

-
I KLRG1--chr12
'4 3%‘ 1 CXICR1-—chr3
3 E PROM1—che

=

=

—

= TNF=~chefs 601 |
TBX21--chr17
BHLHE40—chrl

effector

8 &
-

cytotoxic

Heim, unpublished

exhaustion
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Does the molecular profile of HBV-specific
CD8+ T cells targeting cor and pol differs?
GzZMB
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UMAP dim.1
Different subset diversification in HBV-specific CD8+ T cells with enforced cytotoxic .-,
signature in HBV polsss-specific CD8+ T cells. T —
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Cytolytic pol-specific CD8+ T cells are linked to
endogeneous control of HBV Infection

SRR Immune clearance Inactive
HBeAg-positive carrier state W

- ehronic hepatitis cheonic hepatitis
BeAg
AntiHBo
NUC

treated
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Can antiviral therapy restore HBV

specific T cell dysfunction?
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Therapy mediated restoration of HBV
specific CD8+ T cells

DMSO HBV peptides CMV, 65 PHA

#d 1

Eh#d LY

HBV Pe.ptides cmv, IT: Immuntolerant
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At least partial restoration of HBV specific CD8+ T-cell function
after therapy mediated antigen reduction
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Sung et al Frontier immunol 2020
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Functional relevance HBV specific
CD8 T cells under NUC treatment

Hepatitis B virus-specific T cells associate with
viral control upon nucleos(t)ide-analogue
therapy discontinuation

Laura Rivino,' Nina Lo Bart,"” Upkar 5. GULY Kassini Xunasegaras.’ Yang Cheng,* Damien ZM, Tan” Etiense Becht.*
Naviyot K. Hansi, Graham R. Foster, Tung-Hung Su,' Taé-Chung Tseng,' Seng Gee Lim.* [la-Horng Koo, Evan W. Neweil,"
Patrick T, Kennedy,' and Antonio Bertolesti' s

SFC/10° cells

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

JCI1 2018

28
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Lessons learned from HCV: CD8+ T-cell exhaustion
reversible after antigen elimination?

Memory-like HCV-specific CD8* T cells retain a

molecular scar after cure of chronic HCV infection T cell exhaustion—a memory locked behind scars
Nina Monsel**, Zuguang Gu*®, Sagar'*™, Dominik Wieland", Katharina Jechow®, Following Clearance of chronic inflections, virus-specific COB* T cells recover & subset of memory-related

L A 3 " Yet thei urique Largely refiects an exhausted o dystunctional
David A, Price ™, ", Toblas Boettier &, o, state, bmiting their protective memaory potential

Rotand Elis 4%, Christian Conrad %, Ralf Bartenschiager &%, Dominic Grin >\,

aveed Ishaque™, Robert Thimme® Y2 and Matke Hofmana OU» = Ami Yousit and Hazem €. Ghoneim

Cormenss custerng
Hesoved £SC 0 Acm bt cron LR #Na TOPT
MaML)  eHCVicured HOV an:;n-:ucv L _NEKNN}

Maintenance of a molecular scar after antigen elimination
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Hensel et al, Abdel-Hakeem et al, Yates et al, Tonnerre et al Nature Immunology 2021
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TOX expression maintained after antigen elimination

Originak research

TOX defines the degree of CD8+ T cell dysfunction in

crHBV #1 (HBVpol,ss) crHBV #1 (HBVcore,;)
chronic chronic resolved chronic ) chronic resolved

) 100% 3 CD8+ 86.7%| 3CD8+ 82.6%

1 1 1

E —_ = 3
51 1 ]
£4 i L
@ = = =
P gy O R T DL R TR (R

TOX >

Transcriptional scar of HBV specific CD8+ T cell exhaustion after antigen elimination
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Molecular scar in HBV specific CD8+ T cells after
antigen elimination?
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Le Bert et al Gastroenterology 2020

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

31
Restoration of HBV specific T cell dysfunction by
checkpoint inhibitors, vaccination?
32
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Immunological cure of HBV infection

Julia Lang’ - Christoph Neumann-Haefelin' - Robert Thimme'

Restoring dysfunctional HBV- Replacing dysfunctional
specific immune responses HBV-specific T cell responses
* TLR agonist * T cell engineering

* checkpoint inhibitors

Failure of HBV-specific Immunity
+Lack of innate immune-activation
+CD8" T cell failure
*Dysfunctional CD4* T cells
+Impaired B-cell function

Induction of novel HBV-specific
immune responses
« therapeutic vaccination

IVERSITATS
LINIKUIV FREURG mm

Hepatol Int. 2019

Anti-PD-1 blockade with nivolumab with and without
therapeutic vaccination for virally suppressed
chronic hepatitis B: A pilot study

Edward Gane'**, Daniel J. Verdon?, Anna E. Brooks?, Anuj Gaggar®, Anh Hoa Nguyen?,
G. Mani Subramanian?, Christian Schwabe’, P. Rod Dunbar®

Case Study: Clinical observations
(e AUCKLAND
e SCIENCE
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Week post-Nivolumab Gane J Hep 2017; Verdon The Liver Meeting 2017.| [*

UNIVERSITATS

LINIKUM FreiURG s

J Hepatol 2019
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Knockdown of Virus Antigen Expression Increases Therapeutic ®
Vaccine Efficacy in High-Titer Hepatitis B Virus Carrier Mice

Thomas Michler,'** Anna D. Kosinska,'*** Julia Festag,' Till Bunse,' Jinpeng Su,’
Marc Ringelhan,’ Hortenzia Imhof,' Dirk Grimm,?* Katja Steiger,” Carolin Mogler,®
Mathias Heikenwalder,® Marie-Louise Michel,” Carlos A. Guzman,*® Stuart Milstein,’
Laura Sepp-Lorenzino,” Percy Knolle,”'® and Ulrike Protzer'~

HBsAg high . )= HBYV persistence
, NN N 2&5{ '
£ . $
TherVacB:
anti-HBV | i therapeutic HB\é-izﬁzlﬂc
siRNA — hepatitis B T cells
vaccine

;’_‘l!llli‘ NN N 'f_t

protein MVA
prime  boost
Gastroenterology
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Gastroenterology 2020
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Finally,

Lessons learned from SARS-CoV2?

36
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Lessons learned from SARS-CoV?2

Neture | Volso | 9September 2021 SARS CoV-2-specific T-cell epitope repertoire in
convalescent and mRNA-vaccinated individuals

E RapldandstablemobillzatlonofCDS Teells D

Characterization of pre-existing and induced

S by SARS-CoV-2mRNA vaccine Do e St ot et Gt ey

Cormelius F. Waller 4,

SARS-CoV-2-specific CD8* T cells Saary Nockus’, Mioin SONSomauar, Worka Elaaindc e, Whlos Mook oot Thininr
o S, S s S Rems Ot ot A s ey Far iy _;:":;‘:_‘::"_‘ Nature Microbiology (2022)
rereyr '-—h\ﬂ-"hh-tm—wlh—wl—-h—f Convalescent individuals (n= 18)  Vaccinees after second dose (n= 16)
Nature Medicine (2021) Nature (2021) N
1x10° . kg 1 ~O- A0S °“’;
:é ® B*44/Nazz-a30 §_ 1024 —@- Nozs=e Oroe] A T020RR
80 4,10+ ] B*44/ORF1abssss.sss o A A03SaTs
N2 3 X 81033 o O
E_g 0% < 3 \ %g * _E time: p = 0.0009
s g 10-5 epi: p =0.0008
1x10° g
historicsar;lpleloI T ISbI T I1&)0I E 1004 T T
Qr 20 o P S
Days post exposure !
Immediate induction of cross-reactive SARS-CoV2-specific CD8+ T cells
37
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
~tﬁ\nVER5|st
KLINIKUMFreteure
38
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Thank you very much for your attention!
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