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Background




HBV

HBsAg+ > 400 millions
antiHBc+ > 2 billions
8 different genotypes.

High replicative activity : 10112 virions/daily
High Mutations rate: 1 every 100,000
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Fig. 3. World map showing distribution of HBV genotypes. The predominant genotypes of regions of the world are shown in larger font sizes.



Natural History of CHB

Disease

5%-10% of
chronic HBV-
infected

individuals?

HBV-infected

Acute Chronic individuals?

Infection

Infection

3

* >90% of infected
children progress
to chronic disease

» <5% of infected
immunocompetent
adults progress to
chronic disease!

hownPE

Inactive

carrier

Torresi, J, Locarnini, S. Gastroenterology. 2000.

Fattovich, G, Giustina, G, Schalm, SW, et al. Hepatology. 1995.
Moyer, LA, Mast, EE. Am J Prev Med. 1994.

Perrillo, R, et al. Hepatology. 2001.

\

30% of chronic

)

Liver
Cancer

~3%/yrﬁ

Liver

Cirrhosis Transplantation

~3%/yr@

Liver

Failure
Decomp.

Chronic HBV is the
6th leading cause of
liver transplantation
in the US 4

23% of patients
decompensate
within 5 years of
developing
cirrhosis 3



Natural history of CHB

Virological aspects (infection)

HBeAg  e+cHB
e-CHB Anti-HBe

1 \
ALT R T

Immune Immune Inactive

. Reactivation
tolerant clearance carrier state

Adapted by Kim HJ & Lok ASF. Hepatology 2006



HBV DNA

The Summit on

HBV Resistance

Available HBV DNA Assays

 HBV Digene Hybrid-Capture |

HBV Digene Hybrid-Capture ||
Digene Corp. - o -

Ultra-Sensitive Digene
Hybrid-Capture Il

Roche Amplicor HBV Monitor
Molecular

Systems Cobas Amplicor HBV Monitor

Versant HBV DNA 1.0
Versant HBY DNA 3.0

HBV DNA IU/mL




HBsAg (log IU/mL)

gHBSAQ

117 chronic hepatitis B patients
followed for 99+16 months; number of visits 17 (8-49)

S — E—————————— Immune tolerance (7)

e (i
e seroconversion (17)

. e-active CHB (46)

e e- inactive CHB (22)

First visit Second visit Third visit Fourth visit Last visit

Chan HL et al. Hepatology 2010



Staging
Liver biopsy and Fibroscan

C HEBV
£ _
= 30 Cirrhosis
o
=
g 20 —
T Chronic Hepatitis
=
-
= 10 | Immunotollerant
S 6% pre é
- Inactive

OB|

FO =1 F2 3 Fa

Meatavir ibrosis score

Gaia, J Hepatol 2011
* Oliveri, WJG 2008
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Antiviral Therapy in HBV
Goals

HBV DNA | qHBsAg | HBeAg
U U

> 2000 > 1000 Pos/neg

IC <2000 <1000 neg
neg <100 neg
OBI neg neg neg
STOP
Evolution

Cirrhosis (regression)
Portal hypertension
Liver transplantation
HCC

Mortality
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Therapeutic strategies

Curative (defined time)
NUC (e+)
Suppressive (NUC) (undefined time)

This topic falls outside my time
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@  PEG-IFN

0% — 30%
0% — a0%
0% — il .
o 25% - Peg-IFN alpha-2a in HBeAg-negative CHB. Sustained response (3 yr)
0% — 0%
0% - 0% 50
w w
& & .
J Hepatology 2012
g
i
§
B Peginterferon alfa-2a (n=116) E
B Pegintereron alfa-2a + lamivudine (n=114)

50% Lamivudine (n=85)

HBsSAgQ P = 0108 for Peginterferon alfa-2a vs lamivudine
**P =.0231 for Peginterferon alfa-2a ¢ lamivudine vs lamivudine
clearance

PEGASYS+
lamivuding (n=230)

s 7 0

Yoar 3 Hercelin ef al APASL 2000 ) :-:i- nﬁ

Better response in genotype non-D/E Marcellin, Gastroenterology 2009




ETV

TDF

% of patients with
undetectable HBV
DNA levels

100 4

60

T
Month €

=

Al patients

3 HBeAg-pos
B Bedgneg

Year 1

rear

2 Year 3

Marengo & Marzano
Antivir Ther 2013

Pangenotypic

100%

Marengo & Marzano

APT 2014
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Therapy

Drugs and Virus

Why the mono-therapy is effective?

Virus and Drugs characteristics




Suppression vs. cure:
viral biology Is the basis

HBV HCV

10 genotypes 6 genotypes
(Latent Reservoir) (No Latent Reservoir)
ﬁ-lost cell

/\HCV RNA

Nucleus

_ Definitive Viral
Long-time cccDNA Clearance

“Low “replicative space

Suppression Cure

cccDNA = covalently closed circular DNA. Kieffer TL, et al. J Antimicrob Chemother. 2010;65:202-212.



Intracellular Concentrations

Drugs
Pharmacologic barrier
Intracellular drugs levels and resistance
| generation (high drug levels)
Low toxicity, medium potency

Drug toxicity
.................................. B Y R threshold

Drug level required
to overcome
“resistant’ virus

Drug level required

to overcome WT

Modified from Moyle G, et al. Drugs. 1996



Intracellular Concentrations

Drugs
Pharmacologic barrier
Intracellular drugs levels and resistance
Il generation (low drug levels)
High toxicity, medium potency

Drug toxicity
threshold

Drug level required
to overcome
“resistant’ virus

Drug level required

to overcome WT

Modified from Moyle G, et al. Drugs. 1996



Intracellular Concentrations

Drugs
Pharmacologic barrier
Intracellular drugs levels and resistance
lll generation (high drug levels)
Low toxicity, high potency

Drug toxicity
............................... Ry threshold

Drug level required
to overcome
“resistant’ virus

Drug level required

to overcome WT

Modified from Moyle G, et al. Drugs. 1996



Drug levels, Genetic barrier and the virus

Low drug levels High drug levels High drug levels
but but and
large change per mutation amall change par mutation

amall change par mutation

High High
trough trough +

T

ETV, TDF (?)

T'CSO

LAM

_ I

Y

Increasing number of mutations

HBV HCV
Source:AlDS Read © 2003 Cliggott Publishing, Division of SCP Communications

Virus
daily production of virions per day 10"-10" 10"
half-life of free virions (h) 3-24 2-3
half-life of intracellular virions | months (dependent on hours (not dependent on

infected cells 1,5 infected cells t,,)

mufafion Tate high very high
constraints due to ORFs in targeted viral enzymes high none
immune-mediated escape mutants infrequent frequent

Target cells
half-life of infected cells < months weeks
size of susceptible cells compartment | small probably large
intracellular viral reservoir yes (integrated cDNA)  yes (cccDNA) no




Native Replicative space

HCV

Adelayl-ouop < Adeiayi-ouon

months years
HBV DNA- (ll-1ll generation)




Patients (%)

Genetic Barrier
Incidence of Resistance in NUC-naive Patients

1st generation
80

70
67

60

49 2"d generation

3'd generation

0'51.21'21.2

00 00O

LAM ADV LDT ETV TDF
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Clinical Results

we reach clinical results
with the NUCs?




Regression of histological cirrhosis with TDF

Marcellin P; The Lancet 2013

€41 patients received randomised treatment
€34 with available bazeline Fver biopey data

+

26 (4%) discontirued during the 48-week
double-blind phase without liver bicpsy
O lost to follow-up
7 safety, tolerability, or efficagy reason
7 withdrew consent
3 protocol violation

€15 (96%) completed the 4 E-week double-blind phase

30(5%) did not enter oper-label phase
(10with a biopsy)
4 dedined partidpation in extersion
phase
3 bost to follow-up
1 serocomersion
21withdrew consent

GBS (91%) entered cpen-label phase

06 (15%) discontirued beforeyear §
25 lost to follow-up
15 safety, tolerability, or efficacy reason
10 imvestigator's discretion
4 protocol viclation
8 seroconwersion
33 withdrew consent
1 study discontinued by sporsor

A

480 (76%) completedyear 5 of open-label phase

o

141 (22%) completed year Swithout
liwer biopsy

| 343 (S4'%) with biopsy samples atyear § (week 240) I

1; Study d

tion and avallabill

of I\ er bi

A p<0:001
p<0-001
1004 Knodell score
90+ 10-14

7-9
46

704 m 0-3

60_

40+

304

20

10

or— N .

Baseline

Year 1 Year §

Patients (%)
i)
k=1
1

No histologicalimprovement [l Histological improvement

Patients (%)
L%
=3
I

1 2 3 4 5 6
(n=10)  (n=126) (0=79)  (n=37) (n=19)  (n=77)
Ishak fibrosis score at baseline

Patients (%)

Change in score from baseline

100

p<0.001

p<0.001

Ishak score

L]

L_F]
M2

Mo

Baseline

Yearl

Year S

Figure 2: Histology results over 5-year treatment phase

(A) Distribution of Knodell necroinflammatory scores in 348 patients with results available at each time point. (B) Distribution of Ishak fibrosis scores in 348 patients
with baseline and year 5 data, and 344w ith data for all three time points. (C) Histological response atyear § according to baseline Ishak fibrosis scores for 348 patients
with data available at baseline andyear 5. (D) Change from baseline toyear S in Ishak fibrosis scores for the subset of 96 patients with cirhosis (Ishak score 25) at

baseling; each cell represents an individual patient's response. For 24.0f 96 patients no changes were noted in Ishak score from baseline.




Reversal of fibrosis/cirrhosis with ETV

A% N B - -
w - m 1 ! .
< Knodell » Ishak Fibrosis Score
c 40 7 . - ‘o i
@ Necroinflammatory § £
= 2 W
- W 10-14 2 s
o 30 - 30
- W7o . W4
é [ 46 2 BE
z 20 o3 § 2- 02
| Missing z B
Wo
s 104 || Missing
s _ N=57 0 N=57
Baseline Week 48 Long-term Baseline  Week 48  Long-term

* Median time of long-term biopsy: 6 years (range: 3—7 years)

Chang TT, Hepatology 2010




Clinical experience with Ill gen NUCs:

Entecavir 100 pts (55 compensated cirrhosis)

Decompensation Death
[Fp=
04 . 094
Panel C Panel D
% 07 07 «
i 07 - 07 o
g iz
i OFa E 05 o
§~ 05 E 05
5 f
B Ois = Dis
E O
E 03« 03«
£
O 07w 02«
11 o1 *2 CH
[ — e ————————————— o S e
D 0 20 3 4 SO & 70 = =0 1m 110 0 0 & 0 @ 0 & 70 5 20 1m 110
Folkcw-ap fmots) Folkw-1p imontiz)
PEatrek 10 20 52 X 2 2 2 2 1 1 1 @O PEatrek 0 B s2 & 42 02 2 2 1 1 1@

Cirrhosis
CH

Marengo, & Marzano Antiviral Therapy 2013



Changes of esophageal varices (EV) in
compensated cirrhotics treated with LAM=XETDF for 10 years

100 1

Patients with EV changes (%)

80 1

60 1

40 1

20 1

Overall, EV worsening rate per year: 0.9%*

No varices at baseline
(n=80)

EV progression

P

F1 varices at baseline 100 1
(n=27) %
S
80% é 80 1
o
o
260 1
o
©
EV regression >
1]
£ 401
E
2
: -
EV progression -f—_f 20
,_,712% &
T T T T T T T T T 1 0 !
0 12 24 36 48 60 72 8 9 108 120 Months 0 12
27 27 24 21 19 15 9 8 4 4 3 Patients gy  go
27 27 26 24 23 21 2 18 14 14 9 at risk

0

* 6 of 7 progressors (86%) had either LMV-R and/or HCC

24

78

% 48 60 72 8 9% 108 120

78 74 67 62 56 45 39 33

Lampertico et al, submitted 2013




Decompensated cirrhosis

Table 1 Studies of nucleos/tide analogues in patients with HBV-induced decompensated cirrhosis

Study(reference) Fontana®® Schiff*’ Liaw* *° Liaw?® Shim?®

No. of patients treated 154 226 45 45 22 100 91 70

Drug(s) used LAM ADV+LAM TDF TDF+FTC ETV ETV ADV ETV

Baseline characteristics
Lamivudine experienced 0% 100% 42% 38% 36% 36% 33% 0%
HBV DNA (log10 c/ml) ~1 7 5.7 6.3 5.9 1.5 8.2 7.2
CP score 9 60% B/C 1 1 1 8.8 8.4 8.4
MELD score NR NR 11.0 13.0 10.5 17.1 15.3 115

1-year efficacy and safety data

I_umnmmw NR 59% 1% 88% L% 57% 20% §9%
CP =2 point decrease NR ~50% 26% 48% 42% 35% 27% 49%
Decrease in MELD score NR 2 2 2 2 2.6 1.7 23
Mortality 16% 14% 4% 4% 9% 12%t 12%1 12.9%8§
HCC NR NR NR NR NR 12%% 20%% 6.9%
Cr =0.5 mg/dl increase NR 6% 9% 2% 5% 17%% 24%% NR
Phosphorus <2.0 mg/d NR NR 2% 4% 3% NR NR NR
Drug resistance 21% 0 0% 0% 0% 0% 0% NR

*Patients with 2 log decrease in HBV DNA at week 8 can switch to open label TDF +FTC.
tMortality at 24 weeks, cumulative rates of mortality were 23% and 33% and of LT 11% and 3%, respectively, for ETV and ADV.

$Cumulative rates.
§Mortality or liver transplant.

ADV, adefovir dipivoxil; CP, Child—Pugh score; ETV, entecavir; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; LAM, lamivudine; TDF, tenofovir
disoproxil fumarate. FTC, emtricitabine; MELD, model for end-stage liver disease; NR, not recorded; MELD; model for end-stage liver disease.

Mutimer DJ, Gut 2012




Prophylaxis of hepatitis B recurrence after LT

2429 pts | o ey

40%
125%
mHBIG+ ETV/TDF

ETV/TDF with HBIG
discontinuation

o ETV/TDF without HBIG
79.0%

Figure 1: Subgroups of patients under antiviral prophylaxis against HBV recurrence after liver transplantation: 1910 (79%) patients
received HBIG and LAM, 204 (12.5%) HBIG and ETV/TDF 103 (4%) ETV/TDF after HBIG discontinuation and 112 (4.5%) ETV/TDF
without any HBIG. HBIG= hepatitis B immunoglobulin; LAM= lamivudine; ETV= entecavir; TDF= tenofovir.

15,
12,5
*
==
—
% 10
§ P<0.001 P=0.51 P=052
5 7.5
- 6.1
- " .
3
— 5
-
=
Figure 2: Risk of recurrence hepatitis B virus | I o
(HBV) infection after liver transplantation (LT) o - === TOF
in relation to the type of posttransplant HBV HBIG+ HBIG+ HBIG+ HBIG+ .:gﬁ’ mm
prophylaxis. HBIG = hepatitis B immunoglobu- LAM  ETV/TDF ETV.  TF discontinuation

lin; LAM = lamivudine; ETV = entecavir; TDF =
tenofowvir. Patients, ¥N 1151880 %303 3197 0106 1151880 4102







HCC rates in NUC-naive cirrhotic patients
long-term responding to NUC (LAM-exp)

4
)
S
= 3 2.8%
8 0 2.5%
o 2.4%
S 2
o
1.5%
O
O
L 1
o)
Liaw Papatheod. Papatheod. Kurokawa
(2004) (2010) (2011) (2012)
Num. of pts: 211 81 62 42
Drug: LAM LAM LAM LAM
Study: RCT Review Retrosp. Retrosp.
Follow-up: 3yrs 2yrs 6 yrs 5yrs

Aghemo A et al, J Hepatol 2012



Clinical experience with ETV:
HCC in 472 (gen B-C) vs 1143 untreated patients

S049 Cirrhosis

Cumulath deveiopme rabes of HCC (%) >
8

D B
o 1 3 - é
oo st rees Traeasment durabon (yr)
ETw ™~ ™ 2 53 38 LR
LA a -3 ar = x =
Carersd £S5 EH ) CH Sa a7
B . .
=0 4 No cirrhosis
=
g 4o
-3
s
= 30 4
-
g 20
; 10 -
g
< o
6 1 3 !'s
—— Traasmeant duraton (yr)
ETV 2 ZAT 180 1722 & v
LA =3 x e T e "nvr na
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Hosaka, Hepatology 2012




HCC rates in ETV or TDF treated CHB pts
European multicenter study

(N=1231 patients, 54% naive, 55% TDF, 39 months follow-up)

50%
O - HCC rates/yr in chronic hepatitis: 0.5%
(I) 40% HCC rates/yr in compensated cirrhotics: 4.2%
© i
Py
5 30%
@
Q —
o
o
o 20%
= 4
© L
E 10% Compensated Cirrhosis
8 1 _=-_,_..-—;-"_ Ch?onic hepatitis

0%
| | | 1 1 1
0 1 2 3 4 5
Years of NUC therapy

Papatheodoridis G & Lampertico P et al, AASLD 2013



LT for HBV-related cirrhosis in US and Europe

Van Bommel, Liver Int 2013; Burra & Marzano, J Hepatol 2013

i

500+ Patents listet in the USA for liver transplantation due to:
450 HBV-related cirrhosis
400 —e— HBV-related HCC
% as0 - — — Acute liver failure (ALF) 37%
o
=
£ 300 Decompens.
=
g 250
£ 200 4 vs
<§ 14€%
2 1s0- HCC
o

100

50 +

o—
1985 1820 1685 2000 2005
Years

Fig. 1. Number of patients on the waiting list for liver transplanta-
tion for hepatitis B-related indications in the United States (30).

A [JHBVdec mHBVHCC B 3 HBVdec
[OHCVdec EEHCWHCC B HBVMHCC
80 [OHBDVdec [JHBDV/HCC 100 = o
0 [mHBCVdec gmHBCV/HCC
g ERHBDCVdec mmHBDCV/HCC g 80
g 40 8 60
= 30 g
40
¢ 20 3
o 10 & 20
0 0 - - - -
1988-1995 1996-2000 2001-2005 2006-2010 o » > O
o R A
P > -~ -~

o =0.87 vs. 1088-1005;
*p <0.001 vs. 1088-1005 *p <0.001 vs. 1088-1005

Fig. 1. Evolution of liver transplantation for virus-related chronic liver disease in Europe according to {lifferent time periods. (A) Evolution of liver transplantation for
HBV-related liver disease considering the whole cohort of study. (B) Evolution of liver transplantation fo] HBV-related liver disease according to the indication for liver
transplantation (HBVdec and HBV/HCC).
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