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Clinical Challenges in HCV: 2 Easy Questions

Are there any cases when treatment is unsafe?

Are there any cases when treatment efficacy is impaired?

EASL 2016: IFN-Free Treatment Options

Combination regimen

SOF + RBV
SOF/LDV # RBV

SOF/VEL & RBV

OBV/PTVIr + DSV (3D) £ RBV
OBV/PTVIr (2D) £ RBV
GZRIEBR £ RBV

SOF + DCV £ RBV

SOF + SIM £ RBV

EASL HCV Treatment Recommendations 2016

EASL 2018*: IFN-Free Treatment Options

Combination regimen

SOF + RBV
SOF/LDV + RBV

SOF/VEL £ RBV

OBV/PTVIr + DSV (3D) £ RBV
OBV/PTVIr (2D) + RBV
GZRI/EBR * RBV

SOF + DCV + RBV

SOF + SIM + RBV

*GLE + PIB

*SOF + VEL + VOX

EASL HCV Treatment Recommendations 2016 * personal opinion
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‘Smolders EJ, et al. Drug Saf. 2016;30(7):589-611

Disease Severity Impacts the PK of Pls

Impact of

on

=] GZR PK
(Non-HCV)

CP-A 170%

I CP-B 1 5-fold
CPC 1 12-fold

MPC Zepatier

ew of the pathophysiological changes in patients with liver cirrhosis that influcnce drug metabolism and thercfore the
pharmacokinetics of drugs. CYP cytochrome P40, UGT uridine 1 indicates decrease, T indicates increase

Drug Saf (2016) 39:589-611

FDA Warning on 3D Regimen

«FDA Drug Safety Communication: FDA warns of serious liver injury with hepatitis C
treatments Viekira Pak and Technivie»

«The U.S. Food and Drug Administration (FDA) is warning that hepatitis C treatments
with Viekira Pak and Technivie can cause serious liver injury mostly in patients with
underlying advanced liver disease. As a result, we are requiring the manufacturer to
add new information about the safety risk to the drug labels [...]. Some of these events
resulted in liver transplantation or death. [...] at least 26 worldwide cases submitted to
FAERS were considered to be possibly or probably related to Viekira Pak or
Technivie. In most of the cases, liver injury occurred within 1 to 4 weeks of starting
treatment. Some of the cases occurred in patients for whom these medicines were
contraindicated or not recommended [...]»

FDA Drug Safety Communication; 22 October 2015

ABACUS Study
Clinical features of the cirrhotic cohort

Variable Cirrhosis N=762
Total bilirubin — mg/dl 1.1+06
INR- % 1.0+0.2
Albumin — g/dI 3904
Platelets - mmc 129.£74
Child Pugh B 5.1
MELD 210 243

Esophageal varices
Absent/Present/Missing 58.4/27.6/14.0

Genotype 1/1a/1b/4/Unknown 2.1/19.9/75.3/2.2/0.4

HCVRNA >1,000,000 IU 52.5

Naive to Antiviral Therapy 31

Petta S et al, Lancet Gastroenterology and Hepatology 2017

SVR: Effect of Liver Function
PP Analysis

100 98.1 96.5 97.9 . 97.9 98.1
80
60
40
20

544 166 679 31 192 421

0 554 172 693 33 196 429

MELD <10 MELD210 Child A Child B Varices No Varices

Petta S et al, Lancet Gastroenterology and Hepatology 2017

Safety Analysis: Death

Gender Age Child Meld Varices Ascites PLT<10000 Albu 5 1:::;:' Cause of death
) Pneumonia>
Female | 68 | B | 13 | 1 1 No si 11week | yepatopulmonary syndrome
Female | 58 | B | 11 | 1 1 si si 3week | Cholecystitis->sepsis->MOF
Male a6 As 10 1 0 Si No 8 week Car accident

Stop therapy after 4 weeks for
4month | 2 dicardia= pace-maker>
Male | 61| A5 | 10 | 1 o - No afterstop | trer 3 months surgical

therapy | resection of HCC> AKI MOF
s . Sudden death of unknown
Male a8 8 1 o Si No 14 week etiology
Female | 66 | AS | 6 0 0 si No FUweek4 |  Progression of lymphoma

Petta S et al, Lancet Gastroenterology and Hepatology 2017




20/01/18

EASL 2018*: IFN-Free Options in Decompensated Cirrhosis

Combination regimen

SOF + RBV
SOF/LDV £ RBV

SOF/VEL * RBV

OBV/PTV/r + DSV (3D) + RBV
OBV/PTVIr (2D) + RBV
GZRI/EBR * RBV

SOF + DCV £ RBV

SOF + SIM £ RBV

*GLE + PIB

*SOF + VEL + VOX

EASL HCV Treatment Recommendations 2016~ * personal opinion

HCV Infection Increases the Risk of Developing CKD
A Systematic Review and Meta-Analysis

iRt AHR and 95% CI=1.43 and 1.23; 1.63 (P=0.0001)

Toui S —
Moc .
Asrani -
Hofmann — -
Butt -]
hen = Total Patients Enrolled:
Lee | = 1
223,150 HCV + vs 1,723,884 HCV -

Molnar =
Pooled all é 9'? 1.43(95% Cl 1.23;1.63)
US studies g .
Asian studies — =]

2 i - s

Hazard ratios

CKD DEFINED AS REDUCED GLOMERULAR FILTRATION RATE (GFR) AND/OR DETECTABLE PROTEINURIA

Fabrizi F, Dig Dis Sci 2015:60:3801

Impact of Renal Impairment on DAA Pharmacokinetics

Change in exposure ild Moderate Severe
compared to healthy impairment impairment impairment

subjects with normal renal (eGFR = 60-89 (eGFR = 30-59 (eGFR = <30
function mL/min/1.73m?) mL/min/1.73m?) mt/min/1.73m?)

Ombitasvir

Paritaprevir 1 <20% 1 <37% 1 <50%

« Sofosbuvir should be used with caution in patients with an eGFR <30
ml/min/1.73 m? or with end-stage renal disease because no dose
recommendation can currently be given for these patients (B1).

Elbasvir NA NA 1 86%

Khate A, e al. Hepatology 2014; O(Suppl} 3208

Unexpected SAEs with DAAs

Cardiac Dysfunction Associated With a Nucleotide
Polymerase Inhibitor for Treatment of Hepatitis C

EASL 2018*: IFN-Free Treatment Options

Combination regimen

SOF + RBV
SOF/LDV  RBV

SOF/VEL + RBV

OBV/PTV/r + DSV (3D) £ RBV
OBV/PTV/r (2D) + RBV
GZR/EBR * RBV

SOF +DCV £ RBV

SOF + SIM = RBV

*GLE + PIB

*SOF + VEL + VOX

EASL HCV Treatment Recommendations 2016 * personal opinion

EASL 2018*: IFN-Free Treatment Options in CKD Stage 4-5

Combination regimen

SOF + RBV
SOF/LDV + RBV

SOF/VEL £ RBV

OBV/PTVIr + DSV (3D) £ RBV
OBV/PTVIr (2D) + RBV
GZRI/EBR * RBV

SOF + DCV + RBV

SOF + SIM + RBV

*GLE + PIB

*SOF + VEL + VOX

EASL HCV Treatment Recommendations. J Hepatol. 2017:66(1):153-194 * personal opinion
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EASL 2018*: IFN-Free Treatment Options in CKD Stage 4-5
with CPT B-C Cirrhosis

Combination regimen

SOF + RBV
SOF/LDV £ RBV

SOF/VEL * RBV

OBV/PTV/r + DSV (3D) + RBV
OBV/PTVIr (2D) + RBV
GZRI/EBR * RBV

SOF + DCV £ RBV

SOF + SIM £ RBV

*GLE + PIB

*SOF + VEL + VOX

EASL HCV Treatment Recommendations. J Hepatol. 2017;66(1):153-194 * personal opinion

Sofosbuvir Based Regimens in Patients on
Hemodialysis

SOF-007 (ng/ml)
1x10°

® Patient # 1702260, p = 0267
A Patient #2°-0.079, p=0.771
Patient #37-0.130. p = 0619

1x1o‘— &A A u
0 Dd;unj%

o

1x10°

10 20 30 40 50 60 70 80
Cumulative duration of treatment (days)

Desnoyer A et al, J Hepatol 2016; 65:40-47

The TARGET Cohort: SOF-Based Regimens
to Treat CKD Patients with HCV

v SOF (NS5B)
v Any HCV genotype
v Any CKD stage

‘compLETED EARLY DIC onGoma
15 0 pRnNTS) TREATMENT 74 35 (5% PATIENTS]
168 (83%) PATIE 11642 91%) PAT
EXCLUDED koM EXCLUDED FROM
ANALYSIS

73 PATIENTS 1716 PATIENTS

Saxena V, et al. Liver Int 2016;36:807-816

HCV TARGET: SVR Rates in Patients With Impaired
Renal Function

100%

88%
82% 83% 81%

SVR (%)
@
g
1

€GFR>45 eGFR <d5 eGFR30-45 eGFR <30 Dialysis
(n=1495)  (n=64) (n=47) (n=17) (n=5)

Saxena V, et al. Liver Int 2016,36:807-816

The TARGET Cohort: Low eGFR Values
Are Associated with Worsening Renal Function

eGFR eGFR  eGFR

<30 3045  46-60 eGFR>60 p-

(N=17) (N=56) (N=157) (N=1,559) value
Common SOF AEs

Fatigue 3(18) 19(34) 56(36) 543(35) 0.54
Headache 1(6) 9(16) 19(12) 274(18) 024
Nausea 3(18) 8(14) 33(21) 247 (16) 0.3
Anemia AE 6(35) 16 (29) 37 124) 246 (16) <0.01
Transfusions 2(12)  5(9) 31(2) <0.01 ) I
Erythropoietin AR IR R | Fep— i in Gy | s | RSy | pise
RBV Gt 545 (. carR >45) s | 000 | T | oo
Reduction 343) 8(30) 33(42) 185(19) <0.01|N amowim| om | 00F | o
oic 00 40 1 12(1) . w2 osr |
5 imosam| on | O | Ton
| eGFR 5(29) 6(11)  4(@3)  14(1) os0zr208 | ose | OMOB | g
Renal-Urinary System AE  5(20)  6(11)  13(8)  84(5) <001 |Gy aron) avreanrn| on | RED | o
SAEs 3(18) 13(23)  B(5)  100(6) <001 frvorpcy wmamen s st OB | g0y
oszoasrsn| o | 9063 | oy
Early Treatment DIC TE) 46 6(4)  68() 080 |G i rmerman smmesn| oo | RO | om
Early Treatment DC (AE) | 1) 2() | 4@ | 39() | 053 ey omuencio  |owazom| oos | 0% | 0w
Death 1(5) 0(0) 2(1) 10(1) 011 [Any wanspiant (va. o wanspisnt) | 1.70 036:831) | 052 1zlm‘>m 058

Saxena V, et al. Liver Int 2016;36:807-816

Safety of DAAs in HCV Patients with CKD stage 4-5

Studies Estimate (95% C.I.) Ev/Trt

—> Beinhardt 2016
—> Bhamidimani 2015
Roth 2015
—> Hundemer 2015
Miyazaki 20

:p:: Dlscontlnuatlon rate

—> Singh 2016

Toyoda 201(

—> Desnoyer

- Qverall 2.2% (0.8-4.4%)
Sof based 3.1% -

Li T et al, Liver International. 2017;37:974-98
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Clinical Challenges in HCV:

2 Easy Questions Treatment of HCV in Italy

Trend cumulativo dei trattamenti avviati

Are there any cases when treatment is unsafe?

Are there any cases when treatment efficacy is impaired?

111.058 «avviati» sono i trattamenti (solo pazienti eleggibili)
con almeno una scheda di Dispensazione farmaco

Aosin Todime e T

o
* [EED RETE

Treatment of HCV in Northern Italy Treatment of HCV-3: Is It Still a Challenge?

SVR 6

100%
95%
90%
85%
80%
75%
70%
65%
60%
55%
50%

4197/4383
N ~\ Y Y Y Y S\
o&«“’ L & & & & &

Gimeno-Ballester V et al, J Viral Hep 2017

Treatment of HCV-3: Is It Still a Challenge?
Genotype 3 Options

- No cirrhosis Compensated cirrhosis
= Rx-naive Rx-exp? Rx-naive Rx-exp?

SOF/VEL * RBV 12wk 12wk + RBVT 12 wk + RBV'T 12wk + RBV*T

SOF + DCV = RBV 12wk 12 wk + RBV*T 24wk + RBV. 24wk + RBV

*24 wk without RBV if RBV contraindicated or poorly tolerated
1Only if presence of NSSA RAS Y93H at baseline, if resistance testing available

Gimeno-Ballester V et al, J Viral Hep 2017 [EASL HCV Treatment Recommendations 2016
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Glecaprevir/Pibrentasvir EMA Label

Recommended treatment duration
Genotype

No cirrhosis Cirrhosis
AIlHCV genotypes | 8 weeks 12 weeks

Failures to PegIFN + Riba + Sofosbuvir or Sofosbuvir + Ribavirin

Sofosbuvir/Velpatasvir/Voxilaprevir EMA Label

Patient population Treatment duration
DAA naive patients without cirrhosis 8 weeks
12 weeks

DAA naive patients with compensated cirrhosis

infected patients (see section 5.1)

8 weeks may be considered in genotype 3

DAA experienced patients* without cirrhosis or with

12 weeks

Genotype Recommended treatment duration
No cirrhosis Cirrhosis

GT 1.2.4-6 | 8 weeks 12 weeks

GT3 16 weeks 16 weeks

compensated cirrhosis

High Risk Of Post-DAA Relapse In CPT-B&C

A P<0.001 B
100 %4 100
% %
80 2 80
70 =70
X
F60 ?g 60
@ 50 50
3 g P<0.001
o 40 » 40
30 & 30
20 20 14
10 10 4
0
CTPA  CTPB CTPA  CTPB
4247451 112144 19/451 20/144

Fernandez Carillo C et al, Hepatology 2017

Ribavirin is Still Essential in CPT B & C Patients
N OR LeL uct pval
I T T 1
LDV/SOF|LDV/SOF/RBV| LDV/SOF [LDV/SOF/RBV| TOTAL
(12wk) | (12wk) (24 wk) (24 wk)
N=51 N=70 N=408 N=60 N=589
Compensated Cirrhosis Overall 100 96.1 96.7 90.9 96.6
(92,100) | (86.5,100) |(93.6,986)| (70.8,98.9) [94.2,.98.3)
[43/43] [49/51] [234/242] [20/22] [346/358]
Incl. Albumin <3.5 and Thilirubin >1.2|  19g° 100° 96.0 100° 96.7
(25,100)| (15.8,100) |(797,100)| (1538, 100) [82.8,99.9
1] 1202 [24725] 221 129/30]
Incl. Albumin >3.5 and Tbilirubin <1.2 100 100 96.7 917 97.3
(868.4,100)] (89.4,100) |(92.4,98.9)( (61.599.8) (94.3,99.0)
[30/30] 146/151] [11112] [220/226)
Decompensated Cirrhosis 100 90.4 974 922
(47.499.7) (824,100) |(84.8,94.4) (86.2,99.9) [88.0,95.3)
e | 19/19] 150/166] [37/38] [213/231]
Post.-Liver Transplant 90.9 96.6 88.9 938 928
(82.2,100) | (70.8,97.7)| (69.8,99.8) (84.9,97.3)
. [28129] [24127) [15/16] [77/83]
oot on 110w
Lim JK et al, Clinical Gastro Hep in press

ASTRAL-4: SOF/VEL £ RBV in HCV Patients with

83
0

Decompensated Liver Disease

SOFIVEL 24 wk
85

“SOFIVEL12wk  ®SOFIVEL+RBV 12 wk

| "I

SVR12 (%)

Overall 6T1 GT3 GT2,4,and 6

Breakthrough, n - 1 1 - - - - I 1 - - -
Relapse, n n 2 7 5 1 3 s I 4 - - -
Losttofollowup,n 1 - 3 1 - 3 - - = - - -
th,n 3 3 3 2 2 - 1 - 1 - - 1

Ribavirin Has a Negative Effect on PRO in

HCV Decompensated Patients

Yonoussi ZM, et al. Lancet Gastroenterology and Hepatology in press
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Sorting Out Decompensated Cirrhosis as a
Factor Associated with Treatment Failure

Impaired immune response in
cithosis:

~Reduced IFN signaling R
- Decreased NK cell efficacy

-Drugeefficacy reduced by
compromising the synergistic

Impaired drug uptake and metabolism:

- Fibrotic changes hindering uptake (c)
educed liver function leading to

decreased drug metabolism (e)

effect of drug with immune
responses (f)

A shuneingatecting drug Cihosi asocisted adverse drug
ivery: reactions:

- Portosysteic (a)
intrahepatic (b) sinusoidal to treatment fallure
(@) -Systemic and local toxic

- Reduced drug deivery -Worse with hypoalbuminemia and
leading to HCV reservoirs (d). thrombocytopenia

Al Marzoogqi & Feld. Liver International 2015

POLARIS Phase 3 Program: SOF/VEL/VOX in DAA
Failures

DAA-Experienced DAA-Naive

POLARIS-1 POLARIS-4 POLARIS-2 POLARIS-3
N=415 ® N=333 o N=941 O N=219

|n| NS5A- Non-NS5A- |n| 2 cirrhosis w Cirrhosis
e e

- [EEREN ~0EEN] - [DEEEEN = B

SOFIVELIVOX SOFIVELIVOX SOFIVELIVOX SOFIVELIVOX

12 weeks (n=263) 12 weeks (n=182) 8 weeks (n=501) 8 weeks (n=110)
SOFIVEL SOFIVEL SOFIVEL
12 weeks (n=151) 12 weeks (n=440) 12 weeks (n=109)

Bourliere M, NEJM 2017 . Jacobson IM, Gastroenterology 2017

Efficacy Summary of the Polaris Phase Ill Program
(ITT Analysis)

100, 96% 96%

® SOF/VEL/VOX ™ SOF
97% 95% £ 96%
90

80
g 60
o8
£ 4
o
20
0 Overall  Placebo
verall  Placel
(Qverall  Placebo 12 Weeks12 Weeks 8 Weeks 12 Weeks 8 Weeks 12 Weeks
POLARIS-1 POLARIS-4 POLARIS-2 POLARIS-3
GT1-6 GT 1-4 GT 1-6 GT 3, cirrhotics
NS5A-experienced  DAA-experienced DAA-naive, DAA-naive
(NoNS5A) except GT 3 cirrhotics
*All studies i

Bourliere M, NEJM 2017 . Jacobson IM, Gastroenterology 2017

Challenges | Could Not Address

= Treatment of Patients with active HCC
= Treatment of Patients with Extra-hepatic malignancies

= Screening Strategies
= Linkage to care Strategies
= Prevention of reinfection/infection (PrEP?)

= Retreatment of SOF/VEL/VOX falures
= Ultra short treatments

The HCV World is Changing Fast!

= Continued no restriction
B Change to no restriction
B Continued restriction

—Change to no
restriction

Continued -
restriction

Marshall A et al, Lancet Gastroentrology and Hepatology in press Marshall A et al, J Hep submitted

2016 Lasker~DeBakey Clinical Medical
Research Award

Hepatitis C replicon system
and drug development

Ralf FW. Bartenschlager Charles M. Rice Michael J. Sofia
Heidelberg University Rockefeller University Arbutus Biopharma
For. of asystem i the virus that is C and for use

of this system to revolutionize the treatment o this chronic, ften lethal disease.
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