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Overlapping HBV & HIV
Epidemics

HIV

400 million




Clinical-Epidemiologic Correlations
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Prevalence of Chronic Hepatitis B

~ 400,000
South Americans

HBsAg Prevalence

O > 8% - High
B 2-8% - Intermediate
B <2%-Low

Immigi;ation numbers summed by continent from 1996-2002

Centers for Disease Control. Hepatitis B fact sheet. Available at: http://www.cdc.gov/
hepatitis. Accessed January 31, 2006. Mahoney FJ. Clin Microbiol Rev. 1999;12:351-366.

Hepatitis B Foundation. Hepatitis B statistics. Available at: http://www.hepb.org/hepb/ clinicaloptions.com/hep
statistics.org. Accessed January 31, 2006.




Anti-HBV Therapies

Immune modulators Polymerase Inhibitors

IFN-alpha Lamivudine
Pegylated-Interferon- Adefovir
alpha Entecavir
Telbivudine
Tenofovir
Emitricitabine




Anti-HBV Therapies

Immune modulators

IFN-alpha

Pegylated-Interferon- Adefovir
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Outcomes to Consider and Goals
to Achieve

Ultimate goal

ALT
normal-
isation

Viral
Current goals suppress-

ion

HBeAg

serocon-
\ version*

Short term , Long term

*HBeAg positive patients only

Keeffe et al, 2006
Lok & McMahon, 2007




r To

- -,
!

I
o
)
5]
‘0
=
o
=

Ul
.

HBV DNA Level and Risk of HCC

Entire Cohort (N=3853)

Eaceling HEV DNA Lavd, coplecsmiL
z 1 Miion

——— 100 000-8323 320
10000-9639¢63
300-9933
<300

5 [ 7 & 9 10 N
Yeer of Fallow-up

Chen C-J. JAMA 2006; 295:67-73.
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HBV DNA
(copies/ml)

<300

300-9999
10,000-99,999
100,000-999,999

>1 million

Cumulative
incidence of
HCC

1.30

1.37

3.57

12.17

14.89




IFN-o in HBVY /HIV co-infection

16 RCT IFN-a vs placebo 837 HBsAg+ - 107 HIV+ included in 5 studies

Author(Yr.) n. Tx n. Controls IFN ‘ Placebo

Hoofnagle(88) 10
Brook (89) 16
Brook (89) 6
Pol (92) 16
Wong (95) 13

All 61

4
)
9

14

13

46

100

HBe seroconversion/negativation : HIV+ vs HIV: - 0.38 (CI 0.06-0.7 P =.02)

Puoti et al. personnal comm.




Anti-HIV activity of entecavir

17 HIV/HBV coinfected pts (10 naive, 7 treatment-experienced from US and
Australia) who received entecavir (ETV) monotherapy for HBV therapy

ETV monotherapy results in clinically significant reduction in HIV RNA in the
majority but not all pts and can select for the M184V mutation even in naive pts

HIV/HBV coinfected individuals should not receive ETV monotherapy

Selection of M184V following ETV
treatment

B ART naive
M ART experienced
3/5 M Total

6/12

707
601
501
40
301

% with M184V

20
10

0.
Median time
to M184V 148 days 98 days

Audsley J, et al. 15" CROI, Boston 2008, #63

Univariate analysis for selection of M184V

Risk factor p value
Total duration on ETV 0.05

Magnitude of HBV DNA reduction
on ETV

HIV RNA pre-ETV therapy 0.87
HBYV DNA pre-ETV therapy 0.69
Nadir CD4+ count 0.20

0.04




Telbuvidine — ?anti-HIV activity

HIV isolate ID 71 subtype C

[=4
o

-e- Patient  Entecavir .o -e- Patient  Telbivudine

HIV viral load over time -e- Ref =o= Ref

26/2/8 11111/8

LdT & ADV | 4T re-started

started VL1074 95/14sg 001 040 1 10 100 0

HIV isolate ID 75 subtype C

Inhibition (%)

29/7/8 LdT 2 wks

LdT stopped VL127
VL 127

—

=e= Patient Entecavir 4% =o= Patient  Telbivudine

Inhibition (%)

0 % 8 0 S
001 010 1 10 100 10

6/5/8 o
VL <50 /
Drug concentration (uM)  Drug concentration (M)

E Low, et al. CROI 2009;P813a C Avila, et al. CROI 2009;P813b
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Incidence of LAM Resistance in
HBV and HBV/HIV Patients

m HIV negative m HIV positive

Benhamou Y et al Hepatology 1999;30:1302-6.




Resistance to Lamivudine even at Very
Low Viral Load

- oo | o

12-345 3y Vi

Hepatitis B Viral Load 1U/ml
Perno Interntional Drug Resistance Workshop 2009




TDF vs. TDF/3TC vs. 3TC
in HIV/HBV Co-infected

3TC - Naive 5 3TC - Experienced

BL i4 weeks BL eks

P=0.045 P<0.001
vs. 3TC - vs. 3TC

—6— TDF % 3TC -4 TDF/3TC —+~TDF -=-3TC -+TDF/3TC
N= 10 11 6 NSV 9 11

Conclusion:

* TDF/3TC superior to 3TC alone but not TDF in HBV naive

* No benefit continuing 3TC in experienced HBV viraemic patients
* No difference between adding or switching TDF

Nelson M et al. 13th CROI. Denver, CO, February 5-8, 2006; Abst. 831.




Study design

Primary objective
To compare the safety and efficacy of tenofovir (TDF) to
lamivudine (LAM) and to combination TDF/LAM in treating
HBV in ARV- naive patients with HIV/HBV co-infection over 48
WEELE

AZT | LAM | EFV

Wl AZT | TDF | EFV

Week 12




Median HBV reduction 48
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HBYV DNA suppression at 48 w

80

70 -
60 -
50 -
= LAM
40 - = TDF
30 - = LAM/TDF
20 -
0 I

<2.3 log c/ml 2.3-3 log c/ml > 3 log c/ml

On treatment
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Kaplan Meier: HBV-free survival (MSM)

100 -

(=]
o

D
o

Py
o

= No treatment

Cumulative HBV-free survival (%)

\-,\L"'\

Log-rank

Y

‘ P =0.004

P <0.001

20 - — HBV-active treatment, no TDF
—— HBV-active treatment, with TDF Log rank
P < 0.001
0 2000 4000 6000
Numbers in Observation Observation Time (Days)
No Treatment 107 50 19 8
Treatment, No TDF 86 67 36 16
Treatment, with TDF 189 49 38 12

Brinkman K, et al. 20th CROI; Atlanta, GA; 2013. Abstract 33
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Liver disease associated mortality in HIV  #:.

1995-2003 GERMIVIC

« ESLD associated death:
% total mortality

14.3

12.6
] 6.6
] 15 I

1995 1997 2001 2003

Rosenthal E, et al. J Viral Hepat 2007;14:183—-8
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ESLD associated death:
% HBsAg+
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Hepatitis and HIV testing

* Aim of study was to identify rates of HIV testing in patients with HBV and/
or HCV and to assess HIV testing practice in a large UK
teaching hospital

Retrospective case note review of 185 individuals with known
hepatitis infection

100

80

60 - m Offered HIV test

40 - ? Received HIV test
0 B

Hep B Hep C Hep B and C
N 88 92 5

Perera S, et al. HIV Med, 2011; 12 (Suppl. 1):87-91.







Which was discovered first?
















The Grapng of AIDS




Available Treatments for Hepatitis C 2014(UK)

Interferon Ribavarin Protease Inhibitors
* Telaprevir

* Boceprevir



THE WINDS OF CHANGE




ITX-5061
Entry Inhibitg

Hepatitis C pipeline

DAA combinations

ABT-450/ABT-267 and/or ABT-333

Telaprevir/VX-222 BMS-790052/GS-7977
(Vertex) (BMS/Gilead)

GS-7977/TMC435 @ @Phase Il @

(Gllead/Tibotec) Bl 201335/BI 207127 Boceprevir/Mericitabine

§256/GS-9190 @ (Boebrnge (Merck/Genentech)

(Gilead)

RG7128/RG7227

BIT225
(Biotron)

ACH-1625
(Achillion)

Vaniprevir
(Merck)

ABT-450

Phase lll ABT-450/ABT-267
® @)

(Abbot/Enanta)
(Genentech) YV EWEINEY] FMC435/TMC647055 @
Phase |V(Medivir/Tibotec) BMS-790052/TMC435

. (BMS/Tibotec)
Bl 207127
. Telaprevir ‘) Boehringer) ALS-220
(Vertex) (Alios/Vertgx)
. Boceprevir BMS-790052/BMS-65003 GS 9190
Merck (BMS) (Gilead) Eijibuvir
Bl 201335 ( ) ANA598 (Pilzor
(Boehringer)

Q . GS-7977 adys/Genentech)
Telaprevir (Gilead) ‘ ‘
bbott/Enanta TMC435 P ‘ .

T (Vertex)
Medivir/Tibotec) IDX184 RG7128

GS-938 ilead/Geng
(Gilead) (denix) (@

BMS-791325
(BMS)

NS5A inhibit (Presidio) Polymerase inhibitors
inhibitors residio _

Protease inhibitors



HCYV targets for therapy

“entry inhibitors”

mAbs anti-E2/CD81,
PRO 206 Ezetimibe

miRNA
ISIS 14803 (antisense)

AVI- 4066 (antisense)
Heptazyme (ribozyme)
VGX-410C (small molecules IRES

Translati
inhibitor) TT 033 (sIRNA) ranstatigy

e
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Receptors binding

e of polyprotein
Protease inhibitors —> »‘

Translation and processing

nd endocytosis
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cytosol
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"-’--'/ Transport and release ER lumen
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G |nhibitors of

Virion assembly

Ve~

RNA replication

\ 4
M\ANAY

NS3 protease

by

!

!

viral assembly
and release :
NS5a Inhibitors
Celgosivir

== Replication
inhibitors:
°NS5b
*NNI,
* NI
*NSa

NS4B

NS5A

NS5B

Ciclophyllin B

NS2-NS3
Drugs active on viral enzymes Protease
Drugs active on host cell enzymes ‘
C || E1 E2 I NS2 NS3
Membrana Serine protease

domain

RNA-dipendent RNA

polymerase
1.  Lindenbach BD & Rice CM. Unravelling hepatitis C virus replication from genome to function. Nature 2005;436:933-938
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Direct Acting Antivirals against HCV

wasvirs”

NSOA InhiDitors

Nucs || Non-Nues

A Polymerase Inhibitors

Mo, von Habn, Nat ey Deug Descow 2010
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Drug Resistance
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Why do you not want to have hepatitis C and
HIV
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Why do you not want to have hepatitis C and
HIV

e Tlransmission

Sharing of needles & other Mother 1o baby transmission
drug uking equipssem

Blood Transfusions

Causes of Hepatitis C

panners
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EUROPEAN AIDS TREATMENT NET\NO%

Acute HCV among HIV+ MSM

== v ‘,.éx - L @ {’., :?_:":;-s p N 2
Prevalence chronic HCV/HIV?# 2 ,f * . ol &
19%: 11.200 revalence chron/c HCV/HI N N
Py 325%:.185.500 Y IS y
USAl2: 55 cases b A ',, \q( -UK34 552 oy »
Prevalence chronic HCV/HIV2-14 > @R e
| 15-30%: 160.000 - e gl -Germany>1% 27157 5%
% Leb 22. 1 -France®” 126 -
*_ A Pe la“°'2 Hcs/?lf\SS -Netherlandss8 7 97 Taiwan2é: 28 cases
N . revaience cRropiG 20 Prevalence chronic HCV/HIV?9
! 'I:"" 49%: 1-500 A -Belglum 69 550/ 8 800
. ‘-‘\ r- -‘7} ' ¥ H 9 0 / “
S ~ A/ .\-SWISS 23 B et
1, (Mtalyl0 21 e iy S
A ~-Denmark?! 13 Y ¥
+ -Spain%® ~§8

Australiall: 47 cases *
Prevalence chronic HCV/HIV16.19
< 1%: 1.000






Summary

Drug type

(‘club
\ / drugs’)

HCV transmission in HIV-positive
MSM

High-risk sexual I
practices STIs

Internet

Shared routes
(intranasal)









%

Seminal Positivity for HCV

40 -
35 1
30 -
25 A
20 -
15 -
10 -

l\\ﬁ\\\\\"

P=0.033

HCV

HCV/HIV

0% Semen +ve

Briat AIDS 2005



Hepatitis C Genotype

Genotype NEAT EUROSIDA
1 66 53

2 3 4

3 13 29

4 18 15




Mullivanale Model!® ReSUItS GenOtype

Estmale
Vanable (log10) 5% ClI p-value
fime from baseline (years) [SLOVE] 0024 (0.0042, 0.043) 0.0/
HCV Genoltype

(-0.35, 0.15) 0.42
(0.31.-0.12) <0 0001
(-0 34 -0 084) 0 0012

L)

2 4 5

- "Adusiod for age. gender_ race, segon, HIV-
Years from baseline RNA, CD4 HCV genotype, HCV assay, HEsAg

HIV sk group, cART, HCV mlecton date




HCYV viral load in blood (log/mL)

6.5

5.5

4.5

3.5

2.5

% ”

O

O

O

5.63

Negative Positive

HCV RNA in seminal fluid

Briat AIDS 2005






Increased risk of MTC Transmission HCV with

© 2007 Infectious Diseases Society of America

Stucy

Paccagreni et al [19]
Tovo ot al [21)
Granovsky ot ol [17
Rost of al. [20]

EPHN [11)

Overall (05% C1)

Study

Lam et al [18)
Paccagnini ot al [19]
Zuccoty et ol [24)
Tovo et ol [21)
Zanotti et al 23]
Granovsky et al. [17]
Rest ot o [20)
Fecrero ot al [10]

EPHN 1]

Overall (55% Q1)

HIV.

OR
{95% C1) Weight, ¥
220 (0 44-1098) 44
™ 458 (1.34-1567) 75
0686 (0.09-4.88) 29
188 (1.21-324) 467
1,63 (0.95-2.81) 185

160 (136-267)

10
OR
OR
(95% CI)
0.38 (0.03-4.19)
= 220 (0.44-10.98)
1.68 (0.30-11.78)
. 4.58 (1.34-1567)

. 882 (3.17-24 53)
0.66 (0.09-4.88)

. 1.8 (1.21-3.24)

=1 282(045-17.52
1.63(0.95-281)

231 (1.42-375)

10
OR

Polis C B et al. Clin Infect Dis. 2007;44:1123-1131

Weght, %

236

Clinical Infectious Diseases



Why do you not want to have hepatitis C and
HIV

e Tlransmission

e Stigma
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Why do you not want to have hepatitis C and
HIV

e [ransmission
e Stigma

e More Rapid Progression of disease



No Association of Hepatitis C with AIDS
Defining Events

Hung et al [11] .
Klein et al [19] .
Rockstroh et al [54] T .
Stebbing et al [59] - .

Sulkowski et al [53] .

Sullivan et al [56] .
Tedaldi et al [57] T .
Combined T —==
| . T : I I
5 5 11.12 3 6 9

Risk Ratio






Increased Risk of Cirrhosis and
ESLD Due to HIV/HCV Coinfection

Histologic Cirrhosis

Decompensated Liver Disease

Relative Risk Relative Risk

| ! | 1

Makris ! : M Eyster , !

1 i 1

(UK) , L (USA) | ,
| |

Soto ! Telfer 1 |

(Spain) | (UK) ! : —

| |

Pol ! ] Makris ! |

(France) I : L] (UK) ! :
| |
Benhamou I I Lesens ;
(France) : : (Canada) I

| 1 T

1 1 |

Combined ! <T> Combined ! <|>
: | : |
.76 1.0 2.07 10.83 .61 1.0 6.14 10
HCV  HIV/HCV HCV HIVIHCV

Only

Graham CS, et al. CID. 2001;33:562-569.

Only



Why do you not want to have hepatitis C and
HIV

e Transmission
e Stigma
e More Rapid Progression of disease

e Increase in now known HIV related comorbidities



HIV/HCV co-infection may result in
multi-systemic disorders

* Global cognitive impairment
+ Cognitive-motor impairment

« Dementia

* Peripheral neuropathy

» Cerebrovascular
disease

+ Acute myocardial
infarction

* Opportunistic
infections
* Wasting syndrome

* Proteinuria

* Acute renal failure

* Chronic kidney
disease

* Osteonecrosis
» Osteoporosis
 Bone fracture

Neurologic
disease

Cardio-
vascular

HIV disease

progression

Immune
activation

Immune
dysregulatio

Kidney

disease
Bone .
disorders .

Gl: gastrointestinal; HAART: highly active antiretroviral therapy

Metabolic « Diabetes mellitus
disorders * Insulin resistance

/

+ Steatosis

* Fibrosis

Liver + Cirrhosis
disease « End-stage liver

disease

* Liver-related death

« Microbial
\I Gl tract translocation

n

CD4 apoptosis

Abnormal T-cell responses and cytokine
production

Cytotoxic T-cell accumulation in liver
CD4 recovery post-HAART

Severe immunodeficiency

Operskalski EA & Kovacs A. Curr HIV/AIDS Rep 2011;8:12-22



Ways to Avoid a
Heart Attack

Defrim Kércagu, MD
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100% SVR
*0'n
Non SVR
5% 0%
P< o0 P< 00
TO% 70%
O 12 24 36 45 60 T2 B4 08 O 12 24 3 48 60 72 84 ©6
Follw-up, mo Follw-up, mo
c s D g |
o TR T ———
Non-SVR Non-SVR
o0% B0
P= 002 ! Pe 007
TO% T
!
0% s0% | :
| B T . ' ' ' PO AR PR
0O 12 24 36 48 60 72 B4 O 0 12 24 36 & 60 72 B4 O
Follw-up, mo Follw-up, mo

Figure 1. KaplanMewer cunves shoming the occumence of overall deaths (A), Iver-related deaths (8], non—dver related deaths (0), and non-lver-
related. non-AlDS+uiated deaths () in 1559 patients coinfected with human immunodeSicmncy vings and hepatits C vires, with or without sustaned
wiological response after thesapy with iterferon plus ribaviein Abtveviation: SVR, sustaned venlogical responss




Why do you not want to have hepatitis C and
HIV

e Transmission

e Stigma

e More Rapid Progression of disease

e Increase in now known HIV related comorbidities

e Increase in HAART toxicity



Incidence of Grade 2 or Above Liver
Enzyme Elevation

35 -
30 -
25 -

o 20 -
15 -
10 -

NRTI NNRTI Pl BPI Mixed

Benhamou Y, et al. 13th CROI 2006. Abstract 88.

m Hep C-ve

M Hep C+ve



Why do you not want to have hepatitis C and
HIV

e Transmission

e Stigma

e More Rapid Progression of disease

e Increase in now known HIV related comorbidities

e Increase in HAART toxicity









HCV: Probability of the presence of viral variants

Hepatitis C virus:
Error rate during replication:
Viral turnover:

~9600 nucleotides

~10“*— 10~ per copied nucleotide
~10%2 virions produced every day

- . . . Number of all )
Number of Probability of Number of virions with ossible Fraction of all
nucleotide generation after one nucleotide change(s) nEcIeotide possible mutants
change round of replication produced per day created per day
mutants
0 91% 9.1x 10!
1 8.7% 8.7 x 1010 2.9 x10* 1
2 0.4% 4.2 x10° 4.1x108 1
3 0.001% 1.3 x 108 4.0 x 1012 3.4x10°

- HCV genome ~ 9600 nucleotides; the average number of changes per genome is 0.096 per

replication cycle

- Before treatment, a new virion has a probability of 91% to carry an unmutated genome and 8.7%

to carry one substitution

Not all variants survive

- Dead mutations (variants that can not replicate)
- Immune sensitive mutations (variants eliminated by the immune system)

Rong L, et al, Sci Transl Med 2010;2:30ra32; Neumann AU, et al. Science 1998;282:103—7
Domingo E, et al. Viral Hepatitis Rev 1996;2:247-61; Cuevas JM, et al. J Virol 2009;83:5760—4



Emergence of Pre-existing Resistant Variants
During Treatment with DAA

Drug Potency

Baseline HCV RNA

o
3

Viral breakthrough

{\1 L 2. :
T Resistance
4 .:(E Barrier

7

|

HCV RNA

o2

Before Treatment Time on Treatment with DAA Alone

. Resistant virus . . Sensitive virus



Study Design

PEG2b | |
Arm 1 +RBV i Placebo + PEG2b + RBV Follow-up

4 wk | . 44 wk SVR-24 wk

PEG2b
Arm 2 +RBV

Boceprevir + PEG2b + RBV Follow-up
2wk i 44 wk SVR-24 wk

Two-arm study, double-blinded for BOC, open-label for PEG2b/RBV
2:1 randomization (experimental: control)
Boceprevir dose 800 mg, TID

4-week lead-in with PEG2b/RBYV for all patients
PEG-2b 1.5 ug/kg QW; RBV 600-1400 mg/day divided BID

Control arm subjects with HCV-RNA = LLQ at TW 24 were offered
open-label PEG2b/RBV+BOC via a cross-over arm



% HCV RNA Undetectable

100

oo
o

o
o

NN
(=

N
o

Virologic Response Over TimeT

8.8 4.7

e

4

OPR BB/PR
73.4
65.6
59.4 60.7
42.2
32.4
29.4
235 26.5
14.7
8 12 24 EOT SVR12

T Three patients undetectable at FW4 have not yet reached FW12 and were not included in SVR12 analysis.

Sulkowski M et al., 19th CROI; Seattle, WA; March 5-8, 2012. Abst. 47



Study Design

Part A: no ART
SVR
T/PR TVR + PR PR Follow-up
SVR
PR48 Pbo + PR PR Follow-up
(control)
Part B: ART (EFV/TDF/FTC or ATV/r + TDF + FTC or 3TC)
SVR
T/PR TVR + PR PR Follow-up
SVR
PR48 Pbo + PR PR Follow-up
(control)
Weeks 0 12 24 36 48 72

(EFV)=efavirenz; (TDF)=tenofovir; (FTC)=emtricitabine; (ATV/r)=ritonavir-boosted atazanavir; (3TC)=lamivudine;

(T) TVR=telaprevir 750 mg q8h or 1125 mg q8h (with EFV); Pbo=Placebo; (P) Peg-IFN=pegylated interferon alfa-2a (40 kD) 180 pg/wk; (R)
RBV=ribavirin 800 mg/day or weight-based (1000 mg/day if weight <75 kg, 1200 mg/day for if weight 275 kg; France, Germany)

Roche COBAS® TagMan® HCV test v2.0, LLOQ of 25 IU/mL (pts with values below 251U/mL were reported as <25 detectable or undetectable)



HIV/IHCV coinfected patients:
SVR at post-treatment week 24 (SVR,,)

%

N

HIV/HCV coinfected patients with SVR

n/N
0

100
Q0 r
80 r
70 r
60 r
50 r
40 r
30 r
20 r
10 r

“'No ART MEFV/TDF/FTC MATV/r/TDF/FTC ™ Total

80

71

5/7

T/PR PR

T/PR, telaprevir in combination with peginterferon alfa-2a and ribavirin; PR, peginterferon alfa-2a and ribavirin

Sulkowski M S, et al. AASLD, 2012. Presentation #54



Boceprevir




Telaprevir










Drug Class

Protease
inhinbitors

NS5a Inhibitor

NN Polymerase
Inhibitors

Nucleos/tides
Polymerase
inhibitors

97

DAA Classes and Subclasses

Subclass Potency Resistance Barrier

15t Generation first wave i.e. Medium- Low

1st Generation 2" wave i.e.
Faldaprevir/Simeprevir/Asunaprevir
ABT450/r

2"d Generation i High except HCVG3
MK5172 ABT 493

1st Generation
Daclatasvir, Ledipasvi,r ABT 267

Medium- High
except HCV G3 &

2nd Generation MK 8742
GS 5816 ABT530

ABT 333 GS 9669
Deleobuvir BMS 791325

1st Generation: Mericitabine

2"d Generation : Sofosbuvir

High Lower in
HCV G1b and 3



DAA Classes and Subclasses
DrugClass  |subdass | Potency | Resistance Barrier

Protease 15t Generation first wave i.e. Medium- Low Low
inhinbitors Telaprevir/Boceprevir
1st Generation 2" wave i.e. Low
Faldaprevir/Simeprevir/Asunaprevir
ABTA450/r

2nd Generation

High except HCVG3
MK5172 ABT 493

NS5a Inhibitor 15t Generation Medium- High
Daclatasvir, Ledipasvi,r ABT 267 except HCV G3 &
1a

2nd Generation MK 8742

GS 5816 ABT530
NN Polymerase ABT 333 GS 9669
Inhibitors Deleobuvir BMS 791325

Nucleos/tides 1st Generation: Mericitabine
Polymerase

inhibitors

2"d Generation : Sofosbuvir High Lower in
HCV G1b and 3

98



SOF + PeglFN + RBV in Treatment-Naive HIV/HCV Co-infected Patients
Phase 2 Study 1910 Design

 Single-center, open-label, single-arm trial to assess the safety and efficacy of a
12-week course of SOF + PegIFN + RBV for the treatment of patients with
chronic HCV, co-infected with HIV

Week 0 12 16 24 36
HCV GT 14
Treatment-naive,
on stable HIV ARV SVR4 SVR12 SVR24
N=23 Primary endpoint

No response guided therapy

Rodriguez-Torres M, et al. IDWeek 2013; San Francisco, CA. Poster #714



SOF + PeglFN + RBV in HIV/HCV Coinfection

Virologic Response and SVR12

o O

o o

o

o o

Patients with HCV RNA <LLOQ (%)
o

o

100
9
8
7
6
5
4
3
2
1

22/23 23/23 23/23 21/23

Week 2 Week 4 SVR4

SVR12

4 There was no on-treatment HCV or HIV virologic breakthrough
4 Relapse occurred in 1 patient and accounted for all virologic failures

4 Two patients discontinued treatment early due to adverse events, one of whom achieved

SVR12 after receiving 8 weeks of SOF + PeglFN + RBV

Rodriguez-Torres M, et al. IDWeek 2013; San Francisco, CA. Poster #714




SOF + PegIFN + RBV in HIV/HCV Coinfection

SVR12 According to HCV Genotype and HIV ARV Regimen

100 100 100 100
100 -
- 89 87
S w
g 70
°
O %
\" 50 -
<
Z 40 -
14
3 u
T 2
10 -
0 17/19 1/1
GT1 GT 1a GT 1b GT 2 GT 3 GT4
100
100 |
90
80
e 70
;l’ 60
«— 50
& 4
» 30
20
101 7/8
FTC/TDF + FTC/TDF FTC/TDF +
Protease Inhibitor + NNRTI Raltegravir

NNRTI, non-nucleoside reverse transcriptase inhibitor
Rodriguez-Torres M, et al. IDWeek 2013; San Francisco, CA. Poster #714






Genetic barrier to resistance can be increased in HCV G1 by combination drug regimens
No relationship with IFN sensitivity no IFN related side effects

4 % N 4 N
Baseline @ ®% ®
r 2 X ® ®
06 L N y
Q;é)OO NN-NS5B in + NS5A + Pl + RBV
O
- J
N oo s N
R
Anchor drug ®%®§§ m——
. ol J - J

Sofosbuvir + NS5A / Pl + RBV

(O O Sensitive virus (O Resistant virus



SVR24 rate (%)

Summary of EASL 2014
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Sofosbuvir + Simeprevir + RBV for 12 weeks

100

8388

50

30
20
10

ALL Naives  Experienced F3-F4 HCV 1a HCV1b

Jacobson IM, et al. AASLD 2013, Washington DC. #LB-3



Sofosbuvir + Daclatasvir + Ribavirin for
12-24 weeks in 167 HCV G1 (32 F4)

100 98 99 95 95 98 100
90
80
70
60
50
40
30
20

10
167 85 82 41 132 35

All 24 weeks 12 weeks Exp 1a 1b

Sulkowski M et al NEJM 2014



3D combo +R in HCV Genotype 1 ( 1a + 1b; experienced +
naives) stratified according to the presence of cirrhosis

100 96 o 96

90

80

70

60

50 3D+R 12 w
40 3D+R 24 w
30

20

10 1413 208 172

Non cirrhotics Cirrhotics

Kowdley et al. NEJM 2014; Lawitz et al AASLD 2013; Abbvie Press Release Jan 31st 2014



PEARL-IIl: Study Design

Assess for 48-wk
Study drug dosing SVR,; follow-up
%
Day0 Week 12 Week 24 Week 60

ABT-450/r/ABT-267: 150 mg/100 mg/25 mg QD
ABT-333: 250 mg BID

RBV: 1000 mg if body weight was <75 kg, 1200 mg if body weight
275 kg, or matching placebo

Adagted from the K Rajender Roddy peesertation at CI00 on Macch 4, 2014 British HIV' Association

BHIVA




SVR;, 299% Achieved After 12 Weeks with 3-DAA + RBV
995 99.0

100

80
60
40

SVR,,, % Patients

20

0
3-DAA 3-DAA

+ RBV
ITT population

Adapted from the K Rajender Reddy peesertation ot CROM on Macch 4, 2023

British HIV Association




C-WORTHY: MK-5172 (PI)+ MK-8742(NS5a)
+ RBV In Treatment-Naive GT1 HCV Pts

 Randomized phase Il trial

Wk 12

Treatment-naive, / _

noncirrhotic patients
with GT1 HCV

—_—
(N = 65) \

Pts with GT1a randomized 1:1 to RBV arms only; patients with GT1b randomized 1:1:2 into all 3 arms



C-WORTHY: Virologic Response Rates
With MK-5172 + MK-8742 + RBV

HCV RNA < 25 IU/mL (%)

100 A

80 -

60 -

40 -

20 -

o

100

100

100

96 o3

Wk 4

Wk 12 (EOT)

SVR12

M MK-5172 100 mg +
MK-8742 20 mg + RBV
(n=25)

MK-5172 100 mg +
MK-8742 50 mg + RBV
(n=27)

B MK-5172 100 mg +
MK-8742 50 mg (n = 13)



Study Design

W

=

0 Wk 12 Wk 24 Wk 36

GT1 TN A7) ¢ SVR12

1Ml SOF + RBV (n=45) ¢ SVR12
erz =Ml SOF + RBV (n=30) ¢ SVR12
I\l SOF + RBV (n=42) ¢ SVR12

« Broad inclusion criteria

— Compensated cirrhosis permitted; no platelet cutoff

— Hemoglobin: 212 mg/dL (males); 211 mg/dL (females)
*  Wide range of ART regimens allowed

— Undetectable HIV RNA for >8 weeks on stable ART regimen
« Baseline CD4 count

— ART treated: >200 cells/uL; ART untreated: > 500 cells/uL 115



Results: SVR12 for HCV genotype 1, 2 and 4

GT 1-4 HIV-HCV (PHOTON-1 and 2)

100
80 -
9
< 60 -
AN
o
& 40 -
20 -
182/226
GT1TN GT2TN GT2TE GT4TN
24 Weeks 12 Weeks 24 Weeks 24 Weeks
Relapse, n (%) 39 (17) 1(2) 2(7) 5(16)
Breakthrough, n (%) 1(<1) 1(2) 0 0
Lost to follow-up, n (%) 2 (<1) 1(2) 0 0

Withdrew consent, n (%) 2 (<1) 2 (4) 1(3) 0
116



Results: SVR12 for HCV genotype 3

GT 1-4 HIV-HCV (PHOTON-1 and 2)

100 - 91 88

GT3TN GT3TN GT3TE
12 Weeks 24 Weeks 24 Weeks

Relapse, n (%) 12 (29) 4 (7) 7 (11)
Breakthrough, n (%) 0 0 1 (<1)
Lost to follow-up, n (%) 2 (5) 0 0

Withdrew consent, n (%) 0 1(2) 0
117



TURQUOISE-I Methods:
Part 1a Study Design (N = 63)

Phase 2/3* multicenter, randomized, open-label study; HCV/HIV-1 coinfected patients

All patients followed up for 48
SVR12 weeks after end of HCV treatment

3D + RBV S
(N =31)
= SVR12

Open-label treatment

3D+ RBY

>
N'=32)
| F | F |
Day 1 Week 12 Week 24 Week 36

3D: coformulated ombitasvir/ABT-450/r, 25/150/100 mg once daily;
dasabuvir, 250 mg twice daily

RBV: 1000 or 1200 mg daily according to body weight (<75 kg and
>75 kg, respectively) in 2 divided doses

*Part 1: phase 2 pilot cohort (part 1a and part 1b); part 2: phase 3 cohort

TURQUOISE-I: Safety and Efficacy of Ombitasvir/ABT-450/r, Dasabuvir and Ribavirin in HCV/HIV-1 Coinfected Patients Receiving Atazanavir or Raltegravir ART Regimens 11



TURQUOISE-I Results:
Intent-to-Treat Virologic Response Rates

100 100 96.8 96.9 93.5 93.8 93.5 90.6*

1004

807 *2 patients in the 24-
week group had
wv
£ 60- rgcurr_ence .of HCV
. viremia believed to be
E due to HCV re-
X 40 infection
20 -
o
N
0 -
RVR EOTR SVR4 SVR12
(Week 4) (Week 12 or 24)

B 12-week 3D + RBV [] 24-Week 3D + RBV

EOTR, end of treatment response; RVR, rapid virologic response.

11

TURQUOISE-I: Safety and Efficacy of Ombitasvir/ABT-450/r, Dasabuvir and Ribavirin in HCV/HIV-1 Coinfected Patients Receiving Atazanavir or Raltegravir ART Regimens



Study Design

WEEK O WEEK 12 WEEK 36
v v v

ARV Untreated

- CD4 count stable + HIV RNA < 500 copies
OR
~ CD4 count > 500 cells/mm’

$ SVR24

Open label

LDV 90mg/ SOF 400 mg STR for 12 wks
Treatment-naive GT-1 patients without cirrhosis
No ribavirin administered
ARVs: TDF/FTC, EFV, RILP and RALT

TURQUOISE-I: Safety and Efficacy of Ombitasvir/ABT-450/r, Dasabuvir and Ribavirin in HCV/HIV-1 Coinfected Patients Receiving Atazanavir or Raltegravir ART Regimens 12



Treatment Response

B ARV Untreated B ARV Treated

100% 100%  100% 100%  100% i

100 4 Overall 98%

80 4

<0
W |
2L L
82
40 4
55
RI
20 4

EOT SVR4 SVRS SVR12

TURQUOISE-I: Safety and Efficacy of Ombitasvir/ABT-450/r, Dasabuvir and Ribavirin in HCV/HIV-1 Coinfected Patients Receiving Atazanavir or Raltegravir ART Regimens 12



SVR12 in HCV Mono-infected and HCV/HIV Co-infected
SOF + RBV * PeglFN x 12 or 24 weeks

GT 1 GT 1 GT2 GT3
SOF + RBV + PegIFN SOF +RBV SOF + RBV SOF + RBV
12 weeks 24 weeks 12 weeks 24 weeks

100 - 100 - 100 - 93 94*
80 - 80 .
g 60 | 60 i
N
&
» 40 40 .
20 4 20 -
87/114 95/112 23/26 94/106
0 - 0 T 1
NEUTRINO! 19102 SPARE® PHOTON-14 PHOTON-26 VALENCE> PHOTON-14 PHOTON-2¢ VALENCES PHOTON-14 PHOTON-2¢
HCV HCV/HIV HCV HCV/HIV HCV/HIV HCV HCV/HIV HCV/HIV HCV HCV/HIV HCV/HIV

Similar response rates in HCV/HIV co-infected patients
compared to HCV mono-infected patients

SVR12 from VALENCE includes pooled analysis from all patients (treatment-naive and —experienced) by genotype and duration of therapy

*GT1 SVR24 of 75%; GT3 TE SVR24 of 88% 1

1. Lawitz E, et al. APASL 2013. Singapore. Oral #LB-02. 2. Rodriguez-Torres M, et al. IDWeek 2013; San Francisco, CA. Poster 714. 3. Osinusi A, et al. JAMA. 2013;310(8):804-811. 4. 2
Naggie S, et al. CROI 2014. Boston, MA. Oral #26. 5. Zeuzem S, et al. AASLD 2013. Washington, DC. #1085. 6. Molina JM, et al. IAS Melbourne Abstract MOAB0105LB 2









SVR 12 HIV/HCV vs HCV mono-infection

Combined Sinai and Hopkins Data
p=0.91 p=0.68 p=0.44 p=0.07 p=0.10 p=0.07
80.0% 75.8%

70.0% 69'70/6‘5.8% o5.T%
60.0% °51% 53.8% .
50.0% 43 450 40.2%
40.0% 36.4%
30.0%
20.0%
10.0% I I

0.0%

RVR

EVR eRVR Week 24 EOT SVR12
¥ Co-infected " Mono-infected

Trend for better virologic responses in co-infected patient is potentially
explained by a selection bias Martel V et al CID 2013







ELECTRON: Sofosbuvir/Ledipasvir FDC +
RBV for 6 Wks in Naive GT1 HCV Pts

* Open-label phase Il trial in GT1 HCV pts

*  68% SVR12 rate with 6 wks of SOF/LDV FDC + RBV lower!llthan SVR rates previously
achieved with 8 wks!Z or 12 wks!3! treatment with this regimen

ELECTRONI' | ONESTAR[ ELECTRONE!

Wf : 100 - ; 100 ; 100
| |
Tx-naive pts, _ 807 ! ;

x
GT1HCV, _ < 60 A : I
FO-F2 > , !
(n = 25) = 40 - ! !
20 A : :
Sofosbuvir 400 mg QD;/ledipasvir 90 mg QD; n/N I 21/21 I
weight-based RBV 1000-1200 mg/day 0 4 i 1
6 Wks 8 Wks 12 Wks

Duration of SOF/LDV + RBV in Tx-Naive Pts

1. Gane EJ, et al. AASLD 2013. Abstract 73. Reproduced with permission.
2. Lawitz E, et al. AASLD 2013. Abstract 215. 3. Gane EJ, et al. EASL 2013. Abstract 14.



Study Design

* Sofosbuvir (nucleotide NS5B inhibitor) 400 mg / ledipasvir
(NS5A inhibitor) 90 mg once daily

* (S-9669 (non-nucleoside NS5B inhibitor) 500 mg once daily
e (GS-9451 (a protease NS3/4 inhibitor) 80 mg once daily

Treatment naive
All stages
fibrosis

Treatment naive
Cirrhosis
excluded

Treatment naive
Cirrhosis
excluded




% of patients with
HCV RNA <LLOQ (ITT)

100
90 -
80
70 -
60
50
40
30
20
10

Treatment Response (ITT)

bl Sofosbuvir + Ledipasvir (n=20)
bl Sofosbuvir + Ledipasvir + GS-9669( n=20)
' Sofosbuvir + Ledipasvir + GS-9451 (n=20)

100 100

Week 4

100 100 100 100 100 100 100
95 95

EOT SVR 4 SVR 12



HIV TREATMENT AS PREVENTION...WHAT ABOUT HCV?

The NEW ENGLAND

-Science .
JOURNAL of MEDICINE B .

) >9
-

—_——
e e R

"ot AATICLES - » 1S5S~ SFECLALTES 4 TOMCS - FOR ALTRORS -~ CME » ~2 ¢
ORIGINAG ATBCLL BREAKTHROUGH

. . . . . . OF THE YEAR
Prevention of HIV-1 Infection with Early Antiretroviral Therapy .
oo Cormn M1 PO O, D MNarybetn N Ceus _e.';a"-..' p Gaatie MDD MraC Motienposr MDD

PREVENTION

- Ascientific breakthrough in 2011 showed that CONSOLIDATED GUIDELINES ON
- HIVtreatment not only saves lives, THE USE OF

o ~ ANTIRETROVIRAL DRUGS
but reduces the risk by FOR TREATING AND
96% of transmitting the disease. RECOMMENDATIONS FOR A PUBLIC mmm:cz

PREVENTING HIV INFECTION



NEED DYNAMIC TRANSMISSION MODEL TO ASSESS IMPACT
OF TREATMENT ON PREVALENCE/INCIDENCE

Susceptible (treated)

Non-SVR infected

At risk of
re-infection

Nt

Treatment
New

injectors

Susceptible Chronically infected

Cease/die

J Acutely infected
Infection risk

related to prevalence ‘

Martin NK, et al. Hepatology 2013; 55(1):49-57
Martin NK, et al. J Hep 2011; 54:1137-44
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MODELLING PROJECTIONS: TOWARDS ELIMINATION
IN EDINBURGH WITH DAA THERAPY

100 ¢ Data
O ——=No scale-up from baseline (8 per 1000 PWID annually)
@) 90 = = Scale-up to 10 per 1000 PWID annually
C ~—Scale-up to 20 per 1000 PWID annually
Q 80 = - =Scale-up to 40 per 1000 PWID annually
O D 70 ~Scale-up to 80 per 1000 PWID annually
> =
() ; 60
L
O N so
© o
-— 40 _
@) 30 e
| E = % e ? ——
L 20 b 4
O ©
> 10
@) 0 -
I 2002 2007 2012 2017 2022 2027

Year

Martin NK, et al. Hepatology 2013;
55(1):49-57
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Tim cbwm

Teleprevir

Boceprevir

Simeprevir

Sofosbuvir

Ledipasvir

50

Faldeprevir

Daclatasvir

Asunaprevir

MK.5172

MK-8742

* Cotomciatons * Drse mOdicadon requwed
Dafa fom USHA 70?01 AEASQ ;MSLD EACS 'C-u(; PK wOre PO HepDART .3.'3 Jﬂl mJnngoauw

S.Khoo, 15t Intl. W’shop, 2014




a huge financial strain

How shall we frighten
are you alright? them this year?
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1 1 PEG/RBV ETR

2 4 PEGRBV SVR

3 1 NIL Clearance

4 1 NIL Clearance (?)
5 4 PEG/RBV SVR

6 3 PEG/RBV SVR

I 1 PEG/RBV Null Response(?)
8 1 PEG/RBV/PI SVR

9 1 PEG/RBV/TPV ?




HCV Reinfection Incidence

§ 50 Post-treatment:

S 45 9.6 per 100py

5 40 (95%C| 6.6-14.1/100py

§ 35 Overall:

2 30 7.8 per 100 py Post-spontaneous
S 5 (95%CI 5.8-10.5 per 100py) clearance:

g 50 4.2 per 100py
£ 95%CI 1.7-10/100py)
()]

.E) 10

> 5

(®)

I 0

Overall reinfection Reinfection post- Reinfection post-
rate treatment spontaneous
clearance

» Comparing reinfection post-treatment versus post-spontaneous clearance: p=0.15



Proportion free from reinfection

75

25

Kaplan-Meier survival estimates

0 2 4 8
Time at risk (years)
B 95% CI 95% CI
Previous spornamous clearance e Pravious SVR







Thank you

For further information please contact : - Green Shoots Foundation

_ P.O. Box 63678
Jean-Marc Debricon London; SW11 9BD

CEO UK
jm@greenshootsfoundation.org
Mobile: +44 7595 600 766

UK charity number 1138412 US 501(c)(3) registered

General enquiries: info@greenshootsfoundation.org
Website: www.greenshootsfoundation.org '

GreenShools

FOUNDATION




