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Natural course of chronic HBV infection

Matural history and assessment of patients with chronic HBY infection

HBY markers Liver disease
HB=Ag Biochemical parameters: ALT
HBeAgiant-HBe Fibrosis markers: nor-invasive markers
ar liver biopsy in selected cases
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Kwon, H. & Lok, A. S. Nat. Rev. Gastroenterol. Hepatol. 2011



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

New HBeAg positive HBeAg positive HBeAg negative HBeAg negative
terminology Chronic infection Chronic hepatitis Chronic infection Chronic hepatitis
ol Immune tolerant AlEEA RO Inactive carrier ARG IR
terminology CHB CHB

Low

HBsAg High High/Intermediate 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
| [ e [
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 HBYV, J Hepatol 2017



Natural history of HBV and treatment indications

PHASE 1 2 3 4

New HBeAg positive HBeAg positive HBeAg negative HBeAg negative
terminology Chronic infection Chronic hepatitis Chronic infection Chronic hepatitis «
ol Immune tolerant AIEEACHPEEINE Inactive carrier AECACHIEEAUYE
terminology CHB CHB
HBsAg High High/Intermediate Low Intermediate
HBeAg Positive Positive Negative Negative
HBYV 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
DISEEsE : Moderate to high Moderate to high
progression

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 HBYV, J Hepatol 2017



Natural history of HBV and treatment indications

Terminology | Chronic infecfion | Chronic hepatifis | Chronic infection

Oid o
HBsAg High

High/Intermediate Low Intermediate

HEV DMA =>10ET NNmL 10E4-10ET NNmL =2 000 I'WfmL* =2,000 WL
AT Mormnal Elevated Mormal Elevated™
Liver disease Moneminimal Moderate/severe Mone Moderate/severe
Disease

progression

Treatment

" HEW-DHA levals can be bebwean 2,000 and 20,000 PUfmL In some patients without signs of chronic hepatlils
** Perslstenty or intemmitiently; » in =55% of patlents but HEWV-DNA freguently deteciabie in the Iver; b residual HOC risk only I clmhosls has

developed before HESAD 65

EASL CPG HBV, J Hepatol 2077



Natural history of HBV and treatment indications

= =
1

Mew HBeAg positive HBeAg positive HBeAg negative HBeAg negative
terminclogy Chronic infection Chronic hepatitis Chronic infection Chronic hepatitis
HBsAg High Highfintermediate Intermediate
HBeAg Positive Positive Megative Megative
HBY DMA =>10E7 IU/mL 10E4-10ET IU/mL <2 000 IU/mL* =2,000 IU/mL
ALT Mormal Elevated Mormal Elevated*
Liver disease Monefminimal Moderate/severs Mone Moderate/severe

* HEW-OMA levels can be betwsen 2,000 and 20,000 ILmL n some patients without signs of chronic hepafitis
" Persistently or intermitiently; *** Treatment is ndicated in some patients

EASL HBV CPG, J Hepatol 20017



26% F2-3

Fibrosis among HBeAg positive CHB patients with normal ALT levels
(AASLD criteria) and high HBY DNA levels

Histology series in Asian-Americans with positive Advanced fibrosis by Fibroscan in HBeAg pos
HBeAg, normal ALT (AASLD criteria) and high patients with normal ALT (AASLD criteria)
HBV DNA

Advanced fibrosis® on Fibroscan
27 patients Age 37+12 years 35% -
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ALT =1xULM ,ru_n 2% LUILM ALTE-E: UM ALT =S¢ ULN
=80 M=127 =184 M=50

"LSM >BkPa (normal ALT) or >12 kPa (elevated ALT)

Hguyen MH, et al. Am J Gastroenterol 2009;104:2206-13 Wong GL, et al. Clin Gastroenterol Hepatol 2009;7:227-233



Age at HBeAg seroconversion correlates with risk of
liver complications — A Taiwan study

Cumulative incidence (%)

B0 -
45+
40+
351
307
25+
204
15+
104

Cirrhosis

Overall, P < 0.0001
Age £30 vs 31-40, P = 0.003
Age £30 vs =40, P < 0.0001
Age 31-40 vs >40, P <0.0001

N = 4583 CHB patients

12.9%

=40 years
42.9%

3140 years

Follow-up (years)

Cumulative incide nce (%)

Hepatocellular Carcinoma

265 Owerall, P =0.583
Age <30 vs 31-40, P = 0.690
Age 30 vs 40, P = 0.290
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Chen YC, et al. Hepatology 2070;51:434—44



Probability of progression to cirrhosis in HBeAg positive

patients with normal ALT levels at baseline

o ol patients with clrhosis

Progression to cirrhosis by age

Progression to cirrhosis by time
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Evidence of immune activity in HBeAg positive chronic infection

A
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HBV DNA Integration and Clonal Hepatocyte Expansion in
Chronic Hepatitis B Patients Considered Immune Tolerant

William S. Mason,’ Upkar S. Gill,” Samuel Litwin,' Yan Zhou,' Suraj Peri,’ Oltin Pop,*
Michelle L. W. Hong,* Sandhia Naik,”> Alberto Quaglia,® Antonio Bertoletti,* and
Patrick T. F. Kennedy?

Gastroenterology 2016;151:986—998
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Gastroenterology

HBYV DNA Integration and Clonal Hepatocyte Expansion in
Chronic Hepatitis B Patients Considered Immune Tolerant
William S. Mason,' Upkar S. Gill,2 Samuel Litwin,' Yan Zhou,' Suraj Peri,’ Oltin Pop,

Michelle L. W. Hong,* Sandhia Naik,”> Alberto Quaglia,® Antonio Bertoletti,* and
Patrick T. F. Kennedy?

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
guestions 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.
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HCC risk and mortality
In Immune-tolerant HBV infection

Eligible HBeAg-positive CHB patients without cirrhosis (n = 4535)

Y

Y

Immune-Tolerant (IT) Phase
(ALT <1 x ULN)
(n = 464)

Immune-Active (IA) Phase
(ALT > 2 x ULN)
(n=2724)

Mildly Active (MA) Phase
(ALT 1-2 x ULN)
(n=1347)

Exclusion (n=51)
—>  Transition from IT to IA phase
within 1 year

—

Exclusion (n = 1227)

No initiation of oral NUC
treatment within 1 year

IT Group (n = 413)

IA Group (n = 1497)

Exclusion (n = 206)
|  Transition from MA phase to IA
phase within 1 year

MA Group (n =1141)

Mean age 38 years

Kim et al., Gut 2018
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HCC risk and mortality
In Immune-tolerant HBV infection

Eligible HBeAg-positive CHB patients without cirrhosis (n = 4535)
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The study suggests that many unnecessary deaths could be
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Indications for treatment
EASL 2017

« All patients with HBeAg-positive or -negative chronic
hepatitis B, defined by HBY DNA 2000 IU/ml, ALT
=ULN and/ar at least moderate lver necrainflammation
or fibrasis, should be treated (Evidence level |, grade of
recommendation 1)

= Patients with compensated or decompensated crrhosis
need treatment, with any detectable HBY DNA level

and regardless of ALT levels (Evidence level |, grade of
recommendation 1)

« Patients with HBY DNA =20,000 IU/ml and ALT =2xULN
should start treatment regardless of the degree of fibro-
sis (Evidence level 11-2, grade of recommendation 1).

« Patients with HBeAg-positive chronic HBY infection,
defined by persistently normal ALT and high HBY DNA

levels, may be treated if they are older than 30 years
regardless of the severity of liver histological lesions

( Evidence level W, grade of recommendation 2).

= Patients with HBeAg-positive or HBeAg-negative
chronic HBVY infection and Family histary of HCC or cir-
rhosis and extrahepatic manifestations can be treated
even if typical treatment indications are not fulfilled
( Evidence level 1, grade of recommendation 2).




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

N=69 Children with immune-tolerant chronic hepatitis B

’Randomization 2:1

4 \]

Treatment group Control group

l

Interferon monotherapy

22 log, , reduction <2 log,, reduction
of serum HBV of serum HBV

Week 12 Interferon Interferon + CIinicaI'
monotherapy  lamivudine observation
Week 72 Interfer.on Lamivudin
cessation alone
l Follow-up l !
Week 96 End of the trial

HBV-DNA negative patients

55% at week 72
74% at week 96

[[ ] HBeAg seroconversion

I HBsAg loss

Week 48

21.74%
Week 72
19.57%

32.61%
Week 96
21.74%

1 T T 1 1
0% 10% 20% 30% 40%

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

Zhu S et al. J Hepatol 2018



Discontinuation of NUC therapy

= After HBsAg loss / anti-HBs seroconversion

= Before HBsAg loss




Discontinuation of NUC therapy

= Before HBsAg loss




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 HBYV, J Hepatol 2017



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

Wk o0 Wk 48 Wk 144

TDF-Stop (N=21)

CHB patients

* HBeAg-negative
* 24 years TDF therapy

1:1 Randomization

TDF-Continue (N=21)

Primary endpoint:
HBsAg loss by Week 144

* Open-label, multicenter, randomized, controlled trial

« HBeAg-negative at TDF initiation and randomization

« HBV DNA <400 copies/mL for 23.5 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
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69% HBV-DNA < 2,000 IU/ml
47% HBV-DNA < 29 IU/ml

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

Typical pattern of HBV DNA and ALT
increase during the reactivation phase
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FINITE treatment duration for HBeAg negative CHB
The first prospective randomized trial (FINITE study)

Remained off therapy

— — - Restarted therapy

Time of restarting therapy

Randomised HBsAg loss
NZas Arm A (TDF-stop)
Withdrew consant 6.0 ’
n=2 = 50' "—-:‘:@...\.______ Ac=sn
E T R e
' ¥ D 4o TN
TDFsbop TDF-continue =" TITTTRSEIIS
n=21 n=21 D, Al
| l 2 9.
‘ " 220
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TOF-restant TOF-stop TOF-continue
n=8 n=13 n=21 0.0-
0 40 80 120 160
Study week

* 62% remained without treatment 3 years

« 19% lost HBsSAg

Berg T et al. J Hepatol 2017, 67(5):918-924
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NUC discontinuation before HBsAg loss in HBeAg
negative CHB from Taiwan

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

HBsAg loss 0.5
1.78% a year after suspension
0.15% a year under therapy 0.7-
-
C 0.6+
]
B Log Rank test, P value:
E 0.5 overall: <.0001
E Avs. B:0.042 <100 IU/mil
@ 0.4 B vs. C:<.0001
=] A vs, C: <.0001
=%
T 0.3
= 100-499 1U/ml
3 0.2 el
= -
S
Y 0.1- ; >500 1U/ml
..... &= = = = = =
. i:"" . |
DAG _-T-“-u-?-‘-: ----- _‘. F -f- T T T
, ] 0 1 2 3 4 5 6 7 8
Patient at risk Follow-up duration (yrs)
EOT HBsAg (IU/ml)
>=500 303 92 61 39 17 14 12 8
100-499 274 232 125 129 86 52 30 18
<100 114 92 61 39 17 13 12 8

Jeng WJ et al, Hepatology 2018



SFCHMO® cells

Counts

CLINICAL MEDICINE

The Journal of Clinical Imvestigation

Hepatitis B virus-specific T cells associate with

viral control upon nucleos(t)ide-analogue

therapy discontinuation

Laura Riwino,” Nima Le Bert,™ Upkar 5. Gill.* Kamini Kunasegaran,” ¥ang Cheng.* Damien Z M. Tan,” Etienne Bechr®
Ny ot K. Hansi,* Graham R. Foster,” Tung-Hung 5u.° Tai- Chung Tseng,® Seng Ges Lim,* Jiz-Horng Bao.® Evan W. Nesell*
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Effect of NA withdrawal

Category | Type of Therapy [ Patient | Follow-up | Virologic Clinical | Authors Journal HBsAg
therapy duration | number | duration | relapserates | relapses loss
HBeAg- | Entecavir |2years |95 1 year 58% 45% Jeng WJetal. | Hepatology 2013 | none
HBeAg- | Entecavir 3years | 184 1 year 91% 11.7% Seto W-K etal | Gut 2015 none
HBeAg- | Adefovir 4-5 years | 33 6 years 45% 45% Hadziyannis S et | Gastroenterology | 39%
al 2012
HBeAg- | Lamivudine | 160 66 72 weeks | 30% 10% He D et al BMC Infectious | 3%
adefovir, weeks Diseases 2013
entecavir
HBeAg- | Entecavir | >4 years | 57 18 months | 72% Papatheodoridis | Antivir. Ther. 25%
Tenofovir GVetal 2018




NUC discontinuation in HBeAg negative CHB
before HBsAg loss

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

N

Treatment phase Lag-phase Reactivation phase Consolidation phase Long-term outcome
(> 3 years) (<1-12 (~ 3 months) (~ 12 months)
months)
; ! Risk of ; : : —
Nucleos(t)ide ! severe flare? i : D) CI'.nr.cmlc hepatitis B
| | | '| requiring re-treatment (~ 40%)
i i HBV DNA P i !
1 ! /7 ' ' .
i i / -~ ALT/ /7 i i Q) If\d.ete.rmmatfe state not
i i \ 7 : ' fulfilling immediate re-
i . | i ~ N ! i| treatment criteria (~ 10-20%)
i i N " = i| B) Sustained virologic response
i i i i (true ,, healthy carrier” state)
| | | '| £ HBsAg level decline ~ 20-30%
: | N =7 S
Limit of HBV DNA i EI S i i| A) HBsAg loss (~ 20% after 2-3
detection | | | == | years of follow-up)
"""""""""""" V'i';";";l" T T D '"’-——'""'.t_'";";"'_"";";";
- s = - E—— —— —— - S s e s ..

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?



Potential biomarkers for assessing endpoints
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Potential biomarkers for assessing endpoints
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Potential biomarkers for assessing endpoints
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Potential biomarkers for assessing endpoints
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Potential biomarkers for assessing endpoints
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HBYV serum/plasma biomarkers
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HBV DNA or HBsAg

Effect of NUC treatment on serum and
intrahepatic HBV DNA and HBsAg levels
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Extracellular — serum / plasma

HBV DNA

HBcrAg
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e 3,5 Kb core-Pol RNA

*  subgenomic RNAs
2.4 - 2.1 Kb envelope RNAs
0.9-0.7 Kb HBx RNAs

* spliced RNAs

Modified from Testoni et al, Sem Liver Dis, 2017



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
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HBYV serum/plasma biomarkers
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Effect of NUC therapy on serum HBV pgRNA
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Serum HBV pgRNA as a clinical marker for cccDNA activity
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Serum HBV RNA correlations with intrahepatic cccDNA in
HBeAg positive and negative patients
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Effect of NUC therapy on serum HBV pgRNA

p = 0.0071
E 1 p=10.0002 * HBV DNA
3 —— B HEV RNA
g B 3=
= - $9s~
W = L
2E ¢ e
< @ Iy S
oy 4 - ]
< §
e
5=
2
I {I" 1 1 1 1
Pra-thiarapy Paost-therapy
P<0.001
22/22
100
HBV RNA Viral MNo viral Total “*pvalue X
T
rebound (n) rebound (n) (n) <
2 s0
Positive 21 0 21 B
Below the LoQ 3 E 12 0.001 £ 3/12
Total (n) 24 9 33 I

*Chi-Square test: n, number of CHB patients.
HHe P HBV pgRNA HBV pgRNA

positive negative

27.11.2018 Wang J. et al. J Hepatol 2016; 65: 700



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

NUC treatment

35 15 12| 35 15 12 35 13 11 34 13 10 32 13 10 27 10 8 20 9 &

B no HBeAg seroconversion
[0 HBeAg seroconversion

O HBeAg negative T HBV trRNA

HBV trRNA log1( copies/mL

N IH § l i . : (log copies/mL)
h | "l 3 - lo 0g copies
’ E*EQ;EQ foh o B B

T T T T T
BL 3 6 9 12 18 24

months ot treatment

e — 35 15 12 35 15 12 35 14 12 34 14 11 33 14 11 28 11 9 20 10 7
= T o
‘g © 1 T o o
g A7 o T T HBV DNA
e @ - - H o .
g B TR | - o (log copies/mL)
2 v+ ElEll* TH -o-m- T
= °c it MBS - .DO g o 5
Yl oo ++_+E e N !i_o. ............... Meo
T T T T T T T
BL 3 6 9 12 18 24
months ot treatment
35 15 12 33 15 11 33 14 11 31 14 11 31 14 10 28 12 10 23 10 9
©
- o
I T T e - - T -~ T - -
E -1 == = -E*- - WS- [ [ = /
=2 . __ 3 ; . : H . = " H
A k) Sl Sl = ;DE ﬂg HBsAg 1U/mL
g : :
% < . o - - : - O
B o o) 8. 8. ..o . et S (= S SO
BL 3 6 9 12 18 24

months ot treatment

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



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. ) Hepatol 2017; 66: 454



Extracellular — serum / plasma

HBV DNA

HBcrAg
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total HBsAg [log,, IU/mL)

LHBs (log,, %) ELISA

Hepatology

ORIGINAL ARTICLE

Quantification of large and middle proteins of
hepatitis B virus surface antigen (HBsAg) as a novel
tool for the identification of inactive HBV carriers
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Applications and clinical relevance of new HBV
biomarkers

Functional cure Parafunctional cure Strue’ inactive
carrier

HBsAg - + +

HBsAg components
MHBs and LHBs

HBcrAg

I+

HBV RNA

I+

Stable remission without treatment
No disease progression



