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Fig. 3. Prevalence of HCV infection in HD patients, by country.
Overall prevalence 9.5% (4,735 of 49,767 patients}. CA = Canada;
SW = Sweden; GE = Germany; AU = Australia; NZ = New Zealand;
BE = Belgium; FR = France; SP = Spain; IT = Italy: IP = Japan.
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Prevalence of HCV Infection Among Blood Donors*

Anti-HCV Prevalence
> 5% - High

W 1.1%-3% - Intermediate

B 0.2%1% - Low

B <0.1% - Very Low

Bl Unknown

* Anli-HCV prevalence by EIA-1 or EIA-2Z wilh supplemental lesling: based on data available in January, 1995.  CDIC
P ) PP 8 } ot Lo



Global distribution of HCV genotypes
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Effect of HCV on the the kidney

Implicated in CKD onset
Accelerates progression of CKD to ESRD
Increased risk of mortality in Dx patients

Reduced long term patient and graft survivai
after Tx



Table 3. Hepatitis C infection among hemodialysis patients is as-
sociated with markedly increased risk of mortality (case-mix ad-

justed)

Study © HR O os% c1 “Nation

DOPPS 1.22 1,11-1.33 International
Pereira [5] 1.41 1.01-1.97  USA
Stehman-Breen [6] 1.97 1.16-3.33 USA
Nakayama {7] 1:57 1.23-2.00  Japan
Espinosa [8] 1.62 1.05-2.49 Spain
Johnson {9 1.37 1.15-1.62  Japan
Johnson {9 1.29 1.05-1.58  Australia/
-New Zealand

HRs compare HCV + patients vs. HCV~ patwnts
I DOPPS phases 1-3 (1996-2008).



HCV: Virologic Status of Renal Transplant Recipients

Graft and Recipient Survival
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HCV infection is associated with lower graft and recipient survival

Gentil MA et al. Nephrol Dial Transplant. 1999;14:2455-2460.



Pubmed july 2015

RCT and HCV - number of citations/year
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Interferon > Interferon + Peginterferon Peginterferon Interferon-free

ribavirin +ribavirin +ribavirin + Pl combination
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Figure 1: Changes in standard of care for HCV, and improvements in numbers of sustained virological responses

Data from references 9-12. Pl=protease inhibitor.
Hepatitis C
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Direct-Acting Antivirals

Host targeting

IFN free regimens

Effective (SVR rates 80 — 100%)

Shorter regiments (12 weeks or even 8 weeks)
Less side effects

Many drugs not eliminated by the kidney



HCV Structure and site for DAAS

Structural Non-Structural

Potency +++

= Genotypic Coverage ++

Barrier to resistance ++ [ +++
A dependent

RIVA polymerase
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Nucleos(t)ides
« Telaprevir . DaclataSVIr | Sofosbuvir

- Boceprevir *| Ledipasvir | | “Wiericitabine
* | Simeprevir *| Ombitasvir | . \/x.135
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HCV Structure and site for DAAS

Structural Non-Structural

S —

\
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| = Vira RNA dependent
Sovaldr" “Olysic =t | i ‘ eplication RNA polymerase

(sofosbuvir) Tablets
400 mg

Zepatier”

¢ Te | a reV i r (elbasvirand grazoprevir) "bmjw 5
50mg/1

SBV/RBV - Boceprevir

SBV/LDV (Harvoni)
SBV/DCV

FDA Approves Zepatier (elbasvir and grazoprevir)
for Chronic Hepatitis C Genotypes 1 and 4

PRV/OBV/r (Qurevo)l + Non-nucleosides
GRV/EBV . ‘ Beclabuvir \

+ (GS-9669




Determining Factors

-The stage of liver disease [EASL Grade Al]:

« Compensated cirrhosis: +RBV 12W / - 24W
 Decompensated cirrhosis: SBV + DCV / LDV
* Avoid Qurevo

‘Presence of co-morbid conditions and related chronic drug
administration [EASL Grade A1l]
- Previous antiviral treatment with interferon or direct anti-viral agents

- Genotype

SBV/RBV

SBvisMV

SBV/LDV (Harvoni)
SBV/DCV

PRV/OBV/i (Qurevo) +/- DSV
DCV/ASV/BCV

GRV/EBV



Directly Acting Antivials

GFR < 30 ml/min
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* Chronic kidney disease
— The HCV-TARGET cohort



SVR12 by baseline eGFR and by treatment regimen
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From: Saxena V. ILC 2015, #LP02

*Among patients with known outcomes




REAL WORLD DATA
SAFETY AND EFFICACY OF SOFOSBUVIR-CONTAINING REGIMENS

IN HEPATITIS C INFECTED PATIENTS WITH REDUCED RENAL FUNCTION:
HCV-TARGET

Table 2: Safety Outcomes by Baseline eGFR*

Dichotomous = no (%) eGFR £ 30 eGFR 3045 eGFR 46-60 eGFR>60
Continuous = mean (range) (N=1T7) (N=56) (N=157) (N=1,559)
Common AEs
Fatigue 3(18) 19 (34) 26 (36) 243 (35)
Headache 1(6) 9 (16) 19 (12) 274 (18)
Nausea 3 (18) 8 (14) 33 (21) 247 (16)
Anemia AE 6 (35) 16 (29) 37 (24) 246 (16)
Required Transfusion(s) 2(12) 5(9) 3(2) 31 (2)
Erythropoietin Start on Treatment 1 (6) 8 (14) 14(9) 90 (3)
RBV®
Reductinn in RB‘*..*r due to Anemia 3 (38) 8 (30) 33 (42) 185 (19)
chrsenm Renal Fum‘:tmnfI 6 (11
lﬁﬂ:damusAES' 3(18) 13 (23) 8(5) 100 (6) __
Cardiac Serious AEs 1 (6) 2 (4) 8 (5) 53 (3)
Early Treatment Discontinuation 1 (6) 4 (8) 6 (4) 68 (4)
Early Treatment Discontinuation AE 1 (6) 2(3) 4 (2) 39 (3)
Death$ 1(6) 0 (0) 2 (1) 10 (1)

*Among all patients who completed therapy; ¥ Among patients treated with RBV; * includes acute on
chronic renal insufficiency, outcome abstracted from treatment documentation; ® includes acute renal

failure, dysuria, hematuria, urinary retention and other similar renal/urinary problems; 5 eGFR = 30
patient that died: Liver transplant recipient with baseline MELD of 26 who died from worsening renal

failure and hepatic decompensation

Cormmmss Comawmm = 7 1L 3OAC HI DOOQ



* Chronic kidney disease

— A small US study



Safety, efficacy and tolerability of half-dose sofosbuvir plus
simeprevir in treatment of Hepatitis C in patients with
end stage renal disease

Journal of Hepatology 2015 vol. 63 | 763-773

Bhamidimarri Kalyan Ram

Czul Frank™

Peyton Adam

Levy Cynthia

Hernandez Maria

Jeffers Lennox

University of Miami, Division of Medicine,
Department of Hepatology, United States
*Corresponding author.

E-mail address: Frank.czulgurdian@jhsmiami.org

Roth David
University of Miami, Division of Medicine,
Department of Nephrology, United States
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Martin Paul

University of Miami, Division of Medicine,
Department of Hepatology, United States
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Fig. 1. SVR 12 subgroup analysis.

Journal of Hepatology 2015 vol. 63 | 763-773



Viral Kinetics: SOF 200 mg + Reduced RBV
in Severe Renal Impairment and SOF 400 mg
+ Full-Dose RBV in Normal Renal Function
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Sofosbuvir and simeprevir in hepatitis C genotype 1-patients with end-stage
renal disease on haemodialysis or GFR <30 mlimin
Hector E. Mazario", Milka Ndungu’
and Apurva A. Modi®
: Liver International
DOI: 10.1111/liv.13025 L Record published before

inclusion in an issue)




Table 1. Baseline characteristics

Baseline demographics

All patients (n = 17)

Median age, y (range)
S5ex, male
HCW genotype 1a

Patients on haemodialysis
Patients GFR <30 ml/min: no dialysis
Fibrosis score
Cirrhosis (F4)
Fibrosis score 3
Fibrosis score 0-2
Treatment naive
Treatment experienced
Peg-IMF + REV MR
Mean baseline haemoglobin, {range)
Median baseline ALT
Median baseline AST
Median baseline total bilirubin
Median baseline INR
Patients on erythropoietin replacement

57 (46-69)
14 {(82%)
13 {(76%)
13 {(76%)

(g e
15 (88%)
2 {12%

4 {24%)
5{29%)
14 {82%)
3{18%)
2 {67%)
11.6{99-13.8)
24
33
0.5
1.0
7 {41%)

ALT, alanine aminotransferase; AST, aspartate aminotansferase; GFR,
glomerular filtration rate; HCV, hepatitis C viruse; MR, non-responder;

Peg-ANF, peg-interferon; RBY, ribavinn.




Abstract
Background & Aims

Treating chronic hepatitis C (CHC) in patients with end-stage renal disease (ESRD) has suboptimal tolerability and cure rates. Safety and
efficacy of sofosbuvir plus simeprevir regimen in CHC-infected patients with ESED on haemodialysis (HD) or glomerular filtration rate (GFR)
=30 mi/min is unknown. We evaluated the safety and efficacy of sofosbuvir and simeprevir in this special patient population.

Methods

All {n = 17) patients in the analysis had ESRD on HD or GFR =30 ml.fmin.IAII received sofosbuvir 400 mg daily and simeprevir 150 mg daily,

without ribavirin for 12 weeks) Safety and efficacy data were collected; including SVR4 and SVR12 data for all patients after completing
erapy

Results

In this 17 patient cohort, eight (4
completed 12 weeks of therapy | Treatment was overall well tolerated with no freatment discontinuations reported) Four (24%) patients

repo rteci mild adverse events (AE).[These AES were insomnia (n = 2), headache (n =1}, nausea (n = 1) and worsening anaemia requiring
blood tra =17 lents reached post-treatment week-12 follow-up, and achieue{ SVR12 or virological cure (100% SVR12).

Conclusions

Daily, full dose of sofosbuvir plus simeprevir for 12 weeks of therapy appears to be well tolerated in patients with ESED on HD or GFR =30

ml.fmin] IMost common AEs resembled those of healthier CHC patients without significant renal impairment. The cure rates obtained in this
conor treated with sofosbuvir and simeprevir are dramaticall to any previous freatment regimen studied & published in this special
patient population.
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Viral Hepatitis

Safety and efficacy of sofosbuvir-containing regimens in hepatitis C-infected
patients with impaired renal function

Varun Saxena, Farrukh M. Koraishy, Meghan E. Sise, Joseph K. Lim,

Monica Schmidt, Raymond T. Chung,
David R. Nelson, Michael W. Fried, Norah A. Terrault &, HCV-TARGET
First published: 24 March 2016

Annmarie Liapakis,

DOI: 10.1111/liv.13102  view/save citation
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Those with GFR<45 ml/min had higher rates of worsened renal

function



* Chronic kidney disease

— The Austrian experience



» 25 patients with chronic HCV infection were evaluated
* 10 patients were on hemodialysis/peritoneal dialysis
» 8 patients post NTX (1 OLT at treatment-week 20)
» 7 experienced combined NTX/OLT

DAA-based treatment regimens

® SOF/PR

= DCV/SIM
= SOF/DCV
= SOF/LDV
= SOF/RBV
u SOF/SIM

% 4%

V

®1a
®1b
“3a
4
®1b/3a

HCV genotype distribution

4%

\

From: Beinhardt S. ILC 2015, #P0871
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all Dialysis post NTX

% no FUP 1 _ 1 ‘ 0
M Relapse 1 1 0
WSVR12 | 15 | 5 | 6

FIGURE 4: no FUP: follow-up not available yet

post NTX/
OLT

From: Beinhardt S. ILC 2015, #P0871




Japanese Studies, 2016 Daclatasvir - Asunaprevir

P LEVEY I
Therapeutic Apheresis = N @ B
and Dialysis — '
Explore this journal > ’ 6.0

Original Article

Effect and Safety of Daclatasvir-Asunaprevir Combination Therapy for
Chronic Hepatitis C Virus Genotype 1b -Infected Patients on Hemodialysis
Ryoichi Miyazaki B4, Kyoko Miyagi

First published: 21 April 2016  Full publication histary 10 Patlents

DO 10.1111/1744-9987.12407  View/save citation

Cited by: 0 articles {} Citation tools

Journal of Gastroenterology
. July 2016, Volume 51, Issue 7, pp 733-740 S

Illﬁ ‘ ' )
AJ
 —
N

Efficacy and safety of daclatasvir and asunapfevir 9 AR
combination therapy in chronic hemodialysis patients\ :z
with chronic hepatitis C _ \!
21 Patlents 1 2 4 6 8 10 12 14 16 18 20 22 24
Weeks after treatment initiation
Authors Authors and affiliations )
Fig. 1

Mean changes in hepatitis C virus (HCV) RNA during treatment in all patients, patients

Goki Suda, Mineo Kudo, Atsushi Nagasaka, Ken Furuya, Yoshiya Yamamoto, Tomoe Kobayashi, Keisuke Shinada
! ! g ! ya, y ’ yashi, ? with resistance-associated variants (RAVs) in NS5A, or patients with liver cirrhosis

Miki Tateyama, Jun Konno, Yoko Tsukuda, Kazushi Yamasaki, Megumi Kimura, Machiko Umemura, Takaaki lzumi,

Original Article

Pharmacokinetics, efficacy and safety of daclatasvir plus asunaprevir in
dialysis patients with chronic hepatitis C: pilot study

Y. Kawakami, M. Imamura, H.lkeda, M. Suzuki, K.Arataki, M. Moriishi, N.Mori, K.Kokoroishi, Y.Katamura,
T.Ezaki, T.Ueno, K.lde, T Masaki, H.Ohdan, K.Chayama*]

First published: 27 June 2016  Ful publication history 18 Patlents

DOI: 10.1111/jvh.12553

fiew issue TOC
Volume 23, Issue 11

Novemnber 2016

Pages 850-856




* Chronic kidney disease

— RUBY-1



Multicenter, Open-label, Phase 3b Study

* 9sites, all in the United States

Open-label Treatment SVR4 SVR12
I + i
Day 1 Week 12 Week 24

* 3D: Co-formulated OBV/PTV/r (25/150/100 mg QD) and DSV (250 mg BID)
e . ) Patient Status as of 10 April 2015
* For GT1b: No RBV

» 20 patients enrolled

— 14/20 completed 12 weeks of 3D £ RBV
From: Pockros PJ. ILC 2015, #L01 — 6/20 remain on treatment




BASELINE DEMOGRAPHICS

3D*RBV
N=20

Male; n (%) 17 (85)
Black; n (%) 14 (70)
Age, years; median (range) 60 (49-69)
Hispanic or Latino ethnicity; n(%) 3(15)
Degree of fibrosis*; n(%)

FO-F1 10 (50)

F2 6 (30)

F3 4 (20)
HCV viral load, log,, (IU/mL); median (range) 6.6 (5.5-7.6)
GT1a; n (%) 13 (65)

—ilemaoglobin. g/di mean (SD) 1

CKD stage; n (%)

4 (eGFR 15-30 mL/min/1.73m?)
5 (eGFR <15 mL/min/1.73m? or requiring dialysis)
On dialysis; n (%)

eGIR, mL/min/1.73m?; meadian (range)
Creatinine, mg/dL; median (range)

1 L 1 L L ]
6.2 (2.2-10.8)

From Pockros P, ILC 2015, #L01



APPROVED AGENTS
SAFETY OF OMBITASVIR/PARITAPREVIR/RITONAVIR PLUS DASABUVIR FOR TREATING HCV GT1 INFECTION

IN PATIENTS WITH SEVERE RENAL IMPAIRMENT OR END-STAGE RENAL DISEASE: THE RUBY-I STUDY

SAFETY AND EFFICACY

* No discontinuations or treatment-related serious AEs

* All patients completing treatment to date had virologic response

Timepoint R;:::\n:ei‘;n) Percent
End of Treatment 14 14 100
Post-treatment Week 4 10 10 100
Post-treatment Week 12 2 2 100

From Pockros PL. ILC 2015, #L01



PEARL |I: ABT-450/RTV + Ombitasvir %
RBV in Tx-Naive Noncirrhotic GT4 Pts

Open-label, nonrandomized phase Il trial

Primary endpoint: SVR12
* Interim results, SVR12 available for Tx-naive arms only

Wk 12 SVR12, %

Noncirrhotic, treatment-naive _ 90.9
patients with GT4 HCV '

MU UNENEEEIZIENEEES  ABT-450/RTV + Ombitasvir + RBV (n = 42) 100
patients with GT4 HCV

Noncirrhotic, partial or null
101 1a[o (IO M=\ ETSI A 11 Rl ABT-450/RTV + Ombitasvir + RBV (n = 49) Not reached

GT4 HCV

ABT-450/RTV 150/100 mg once daily; ombitasvir 25 mg once daily; RBV 1000-1200 mg/day.

Figure shows design of presented arms from Substudy 1 only. Substudy 2 in patients with compensated
cirrhosis is ongoing; arms not shown.

Hezode C, et al. EASL 2014. Abstract O58. Reproduced with permission.



* Chronic kidney disease

— C-SURFER



INVESTIGATIONAL AGENTS
C-SURFER: GRAZOPREVIR PLUS ELBASVIR IN TREATMENT-NAIVE AND

TREATMENT-EXPERIENCED PATIENTS WITH HEPATITIS C VIRUS GENOTYPE 1
INFECTION AND CHRONIC KIDNEY DISEASE

* This study evaluated grazoprevir + elbasvir in HCV-
infected patients with CrCl <30 mL/min, including
patients on hemodialysis

— <1% of grazoprevir and elbasvir are renally excreted”

— Phase 1 trial demonstrated no need for dose adjustments
in CKD?

*Yeh WW, et al. Hepatology 2014; 60(suppl 4): 1940
From Roth D. ILC 2015, #LP02 CrCL = creatinine clearance (estimated using MDRD-4); CKD = chronic kidney disease



INVESTIGATIONAL AGENTS

Follow-up
n=111 GZR100 mg /EBR50mg SR EEELL L Lt Lt bt -
o 00
n=11 GZR 100mg / EBR 50mg (PK) S Follow-up

I ! I I | ! ! I
D1 TW4 TW8  Twi12 FUW4  FUW8 FUWI12 FUWI6

» Randomized, parallel-group, multi-site, placebo-controlled trial
» Stratification by diabetes (yes/no) and hemodialysis status (HD/non-HD)

» 224 patients randomized to immediate treatment with GZR/EBR or deferred treatment

where patients received placebo for 12 weeks then open-label GZR/EBR starting at
FUW4

» 11 patients in open-label GZR/EBR arm underwent intensive pharmacokinetic sampling

*Deferred open-label treatment arm (all randomized patients remainad blinded to treatment until FW4)
5ZR and EER were administered as separate entities in the immediate and PK arms, and as a fixed
daose-combination in the deferred arm. CKD = chronic kidney disease; GT = genotype; HD = hemodialysis; R = randomized

-rom: Roth D. ILC 2015, #LP02



* HCV GT1 infection

* Treatment-naive and treatment-experienced patients

* CKD stage 4/5 (+ hemodialysis dependence)
— CKD stage 4: eGFR 15-29 mL/min/1.73m?
— CKD stage 5: eGFR <15 mL/min/1.73m? or on dialysis
— target 20% non-hemodialysis patients

* Compensated cirrhosis allowed

— Liver staging was based on biopsy within 24 months of enrolment;
Fibroscan within 12 months of enrolment; or a combination of Fibrotest
score of >0.75 and an AST:platelet ratio index of >2

— Patients with presence or history of ascites, gastric or variceal bleeding,
hepatic encephalopathy, or other signs/symptoms of advanced liver
disease were excluded

HBV and HIV negative

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate

Fe—mee Ml NN/ T0AE4C IO



(ITG)

1 noncirrhotic patient with HCV
GT1b infection relapsed at FW12

100% 100% 999 *
s 100 -
g
o]
= 75—
W
<
2
> 50—
-
=
Uy
2 254
2
)
]
(T 0-
TW2 TW4 TW12 FUW4 FUW12
(EOT) (SVR12)

*Efficacy is presented for the modified full analysis set population [mFAS). Full Analysis set: patients with 5VR12 94%

6 patients were excluded from the per protocol: lost to follow-up (n=2), n=1 each for death, non-compliance, withdrawal by subject, and withdrawal by
physician (due to violent behavior)

From: Roth D. ILC 2015, #LP02



Elbasvir-Grazoprevir in Treatment-Naive HCV GT 1,4 or 6
C-EDGE TN: Results

C-EDGE TN: SVR12 Results by Genotype

o
o

(@)
o

o
o

X
N
-
14
>
7
=
=
3
7]
et
c
2
whed
3]
o

N
o

299/316 144/157 129/131
All GT 1a GT 1b GT4

Primary efficacy analysis included all patients who received =1 dose of drug.

52



CKD on Conservative Rx

Basic RBV Duration GT1 data GT4 eGFR>30 eGFR<30
Combination (weeks) data SVR12 SVR12
Paritaprevir/ RUBY-1 PEARL-1 100% 100%

Ritonavir+ Extrapolation
Ombitasvir
(Qurevo)
Grazoprevir/ No 12 C-SURFER C-EDGE 100% 99%
Elbasvir Extrapolation
(Zepatier)
Sofosbuvir COSMOS 93%
(Sovaldi)+ Bhamidimarri
Simeprevir Sofo % dose
(Olysio)
Daclatasvir No 12 Japanese 100%
Asunaprevir study

Ledipasvir + GS-US-337-1119,  97.7%
Sofosbuvir el

. SYNERGY 3%
(Harvoni) 959%,

Sofosbuvir Yes 24 Egypt 90% Avoid
(Sovaldi) Ancestry



o JOURNAL OF
Guidelines "EASL HEPATOLOGY

EASL Recommendations on Treatment of Hepatitis C 2016~

European Association for the Study of the Liver*

» Patients with severe renal impairment (eGFR <30 mliimin/1.73 m?) or
with end-stage renal disease on haemodialysis without an indication
for kidney transplantation infected with HCV genotype 4 should
be treated with the combination of ritonavir-boosted paritaprevir
and ombitasvir for 12 weeks with daily rbavirin (200 mg/day) if the
haemoglobin level is =10 g/dl at baseline, or with the combination of
grazoprevir and elbasvir for 12 weeks without ribavinn (B1).




HCV Guidance: Recommendations for rj %
AAS I_D Testing, Managing, and Treating %ﬂ.

ANMERIGAMN ASSOCIATION FOR iti Infectious Diseases Society of America
THE STUDY OF LIVER DISEASES Hepatltls C N y

Recommended Regimens for Patients with Severe Renal Impairment, Including Severe
Renal Impairment (Creatinine Clearance [CrCl] <30 mL/min) or End-Stage Renal Disease
(ESRD)

Recommended regimens are fisted in groups by level of evidence, then alphabetically.

« For patients with genotype 1a, or 1b, or 4 infection and CrCl below 30 mL/min for whom the
urgency to treat is high and Kidney transplant is not an immediate option, daily fixed-dose
combination of elbasvir (50 mg)/grazoprevir (100mg) for 12 weeks is a Recommended regimen.
Rating: Class IIb, Level B

» For patients with genotype 1b infection and CrCl below 30 mL/min for whom the urgency to treat is
high and kidney transplant is not an immediate option, daily fixed-dose combination of paritaprevir
(150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) plus twice-daily dosed dasabuvir (250 mg) for 12
weeks is a Recommended regimen.

Rating: Class IIb, Level B

Alternative Regimen for Genotype 1a-infected Patients with CrCl Befow 30 mL/min

= For HCV genotype 1a infection, daily fixed-dose combination of paritaprevir (150 mg)/ritonavir (100
mg)/ombitasvir (25 mg) plus twice-daily dosed dasabuvir (250 mg) and dose-adjusted ribavirin™
(200 mg daily) for 12 weeks is an Alternative regimen.

Rating: Class IIb, Level B




Dialysis-related
Pharmacokinetics

Protein binding
Molecular size

Molecular charge

active triphosphate

Studies on dialysance PK of different
DAAS underway

Results of Clinical Trials



Table 2. Pharmacoknetics of sofosbuvir 200 mg vs. 400 mg in ESRD.

Sofosbuvir  Severe CKD

“W0MI M pre-HD

Sofosbuvir  Severe CKD
200Mg 4 pre-HD

Setting Sofosbuvir AUC  GS-331007 AUC
171% 451%
28% 1280% |
|1hpost-HD  60% 2070% |
5-10% 300%
n.a. n.a.
Thpost-HD  na. n.a.

"Adapted from Gane et al. [4]



CKD on Dialysis

Basic RBV  Duration GT1 data GT4 eGFR>30 eGFR<30
Combination (weeks) data SVR12 SVR12
Paritaprevir/ RUBY-1 PEARL-1 100%

Ritonavir+ Extrapolation
Ombitasvir
(Qurevo)
Grazoprevir/ No 12 C-SURFER C-EDGE 100% 99%
Elbasvir Extrapolation
(Zepatier)
Sofosbuvir COSMOS 93%
(Sovaldi)+ Bhamidimarr
Simeprevir [
(Olysio) Sofo % dose
Daclatasvir No 12 Japanese 100%
Asunaprevir study

Ledipasvir + ION-1 GS-US-337-1119, g7.79%
Sofosbuvir 0056

: SYNERGY 3%
(Harvoni) 959




Pharmacokinetics

Interferon — >95%
Ribavirin- 61%
2nd wave DAAs- <10%

2nd wave DAAs- >90%

Proximal Tubules



Dose Adjustments in Chronic Kidney
Disease

Creatinine Clearance

> 50 ml/min

30-50 mL/min

Less than 30 mL/min

Hemodialysis

PEG IFN alfa 2a, pg/wk

180

180

135
135

PEG IFN alfa 2b,
Mg/kg/wk

1.5

1.125

0.75
0.75

Ribavirin Daily

1000-1200 mg/day

Alternating doses,
200 mg and 400 mg every
other day

200 mg/day
200 mg/day




Kidney
Transplantation



[SP747] SUCCESSFUL CONTROL OF FIBROSING CHOLESTATIC HEPATITIS C WITH
SOFOSBUVIR IN A KIDNEY TRANSPLANT RECIPIENT.

Alessandra Palmisano?!, Anna Maria Degli Antoni?, Augusto Vaglio!, Giovanni Piottil, Elena
Cremaschi?, Carlo Buzio?!, Umberto Maggiore?
lUniversity Hospital of Parma, Parma, Italy?University Hospital of Parma, Parma, Italy.

INTRODUCTION AND AIMS: Fibrosing cholestatic (FCH) hepatitis C is characterized by high HCV load causing direct
hepatotoxicity, progressive hepatic failure and death. The standard treatment of choice, based on interferon plus ribavirine,
is risky in kidney transplant recipients, being associated with steroid-resistant acute rejection and graft loss. Recently,
sofosbuvir, a novel oral nucleotide NS5B polymerase inhibitor, has been successfully employed for the treatment of chronic
HCV infection in phase Ill randomized clinical trials. However, there are no published reports documenting the use of
sofosbuvir for the treatment of FCH hepatitis C in kidney transplant recipients. Herein, we describe a case of an HCV-HIV
positive patient who developed a fibrosing cholestatic hepatitis C after kidney transplantation treated with sofosbuvir.
METHODS: CASE REPORT: A 47-year-old man was admitted because of a progressive deterioration of liver functions tests.
He had received a kidney transplant 40 days earlier under standard immunosuppressive therapy (basiliximab induction,
maintenance with cyclosporine [average blood trough levels 150, ng/mL], MMF [1g/bid], and methylprednisolone [4mg/day]).
The post-operative period was uneventful, and graft function was stable (serum creatinine 1.7mg/dL). His medical history
was significant for chronic HCV infection not responsive to the interferon based therapy but with no signs of progressive
chronic liver disease, HIV infection on antiretroviral treatment with undetectable viremia since 6 years, and ESRD due to HIV
collapsing FSGS 11 years earlier. At the time of transplantation, HCV-RNA levels were 265.400 IU/mL. Total serum bilirubin
levels, which were 3.8 mg/dl at the time of admission, increased up to 5.8 mg/dl over the following 2 weeks. Serum gamma-
GT and ALT peaked at 461 IU/L and 577 IU/L respectively (day 6 from admission). HCV viremia increased up to 69.326.200
IU/mL, whereas HIV-RNA remained undetectable. Liver biopsy (day 1 from admission) showed FCH with intracellular viral
inclusions. MMF treatment was withdrawn and cyclosporine dose was halved. Despite a plateauing of the liver function
tests, HCV-RNA viral load did not decline significantly. Two months after admission, we started treatment with sofosbuvir
(compassionate use) plus rivabirin.

RESULTS: After four weeks of therapy HCV RNA became undetectable and all the liver function tests returned to the normal
range. The patient did not develop treatment side effects a part from anemia requiring Epoetin 40000/1U per week. Three
months from admission, the patient underwent a renal graft biopsy that did not show signs of rejection. Cyclosporine
dosage was increased to reach to standard blood levels, but MMF was not resumed. At last follow up (6 months from
admission), there was no detectable HCV and HIV, liver function tests were normal and renal function was stable (creatinine
1,7 mg/dL).
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25 Patients Outcomes of liver

enzyme parameters
during and after
antiviral therapy.
*Friedman test. EOT,
end of therapy

===Alanine aminotransferase

SBV/RBV 3
SBV/DCV 4
SBV/SMV+- RBV 7
SBV/LDV+- RBV 10
SBV/RBYV + PegINF 1

=== Aspartate aminotransferase

~==Gamma glutamyl transpeptidase

P<0.0001*

Liver enzymes levels (1U/L)

10 F3-F4
15 F1-F2 | Wapost W2 post

therapy therapy

Medscape Source; Am J Transplant @ 2016 Blackwell Publishing



20 Patients

+ SBV/SMV
« SBV/RBV
« SBV/LDV

« SBV/DCV

50% advanced
hepatic fibrosis
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6 ]
Weeks after DAA start

Kinetics of HCV viral load clearance on DAA



Efficacy and Safety of Direct Acting Antivirals in Kidney
Transplant Recipients with Chronic Hepatitis C Virus Infection

Ming V. Lin @, Meghan E. Sise, Martha Pavlakis, Beth M. Amundsen, Donald Chute, Anna E. Rutherford, Raymond T. Chung,

Michael P. Curry, Jasmine M. Hanifi, Steve Gabardi, Anil Chandraker, Eliot C. Heher, Nahel Elias, Leonardo V. Riella
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Study Population

24 patients received
HCV DAA regimen

SOE/SMV SOF/SMV/RBV SOE/LDV | | SOE/LDV/RBV

9 patients 3 patients 7 patients 1 patient
(37.5%) | (12.5%) (29%) (4%)

‘ ‘ \
‘ .
F3/F4 Fibrosis F3/F4 Fibrosis F3/F4 Fibrosis F3/F4 Fibrosis

4 patients (44%) ’ 2 patients (67%) 3 patients (43%) 0 patient

42% advanced fibrosis/cirrhosis

SOF/RBV

4 patients
(17%)

| F3/F4 Fibrosis
1 patient (25%)

73



Fig 3. Sustained Virologic Response.

Sustained Virologic Response
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Lin MV, Sise ME, Pavlakis M, Amundsen BM, Chute D, et al. (2016) Efficacy and Safety of Direct Acting Antivirals in Kidney
Transplant Recipients with Chronic Hepatitis C Virus Infection. PLOS ONE 11(7): e0158431. doi:10.1371/journal.pone.0158431
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Study Design
GT 1 and 4, Post-Kidney Transplant

*

LDVISOF FDC

Phase 2, randomized, open label multicenter study
- 5 sites in ltaly, France, Austria and Germany

Kidney transplant recipients with HCV GT 1 or 4, treatment-naive or
-experienced, with or without cirrhosis

Cirrhosis determined by biopsy (Metavir score =4 or Ishak score 25), FibroScan®
> 12.5 kPa or FibroTest >0.75 + APRI >2
Key inclusion critena

-~ =6 months from kidney transplant

— HCV RNA zLLOQ (15 IU/mL) at screening

- Hemoglobin 210 g/dL, platelets >50 x 103/pL, CL 240 mL/min

LLOQ, lower limit of quantitation; CL,, creatinine clearance; APRI, AST: platelet ratio index.




Results: SVR12

GT 1 and 4, Post-Kidney Transplant

B LDV/SOF 12 Weeks I LDVISOF 24 Weeks

100 96 100 og 100 100

E‘E
L
o
F
o
7

2 Lost to follow-up

STIST 55/57 . 51/51 51/53
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The Austrian Experience

DAA-based treatment regimens

= SOF/PR

= DCV/SIM
u SOF/DCV
= SOF/LDV
= SOF/RBV
u SOF/SIM

20 Patients

SBV/SMV 9
SBV/RBV 3
SBV/LDV 7
SBV/DC\ 1

25 Patients

Dialysis

¥ no FUP
M Relapse
BouR1n

Liver enzymes levels (1U/L)

HCV viral load, log copies/mL

post NTX

0
0

===Alanine aminotransferase
=== Aspartate aminotransferase

Gamma glutamyl transpeptidase

P<0.0001*

W4 post
therapy

W12 post-
therapy

Source: Am J Transplant © 2016 Blackwell Publishing
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ALLY-1

ALLY-1 Study: DCV + SOF + RBV for advanced liver disease and post-liver transplant recurrence

Daclatasvir, Sofosbuvir, and Ribavirin Combination for HCV Patients with Advanced Cirrhosis or Posttransplant Recurrence: PHASE 3
Poordad F. EASL 2015, Abs. LO8

Anti-HCV Genotype Cirrhosis Special population

Not randomised

Open-label Wiz )
2 18 years l T
Chronic HCV infection Advanced cirrhosis DCV 60 mg qd +
All genotypes 7 SOF 400 mg qd + RBV SVRaz
Treatment-naive N

or experienced Post-transplant recurrence DCV 60 mg qd +
NS5A inhibitor-naive SOF 400 mg qd + RBV SVR12
Advanced cirrhosis* or post- N =53

liver transplant recurrence**

* Child-Pugh A, B or C, MELD score 8-40, hepatocarcinoma allowed
** = 3 months post-transplant, no rejection, any immunosuppressive regimen

RBV : 600 mg/day (bid dosing), adjusted to 1000 mg/day, based on hemoglobin and
creatinine clearance




ALLY-1 Study: DCV + SOF + RBV for advanced liver
disease and post-liver transplant recurrence

'@ HCV-Lriols com
SVR,, (HCV RNA < 25 IU/ml)
Advanced fibrosis B Post-transplant
%
100 - 92 91 92 94 91 96 05

78
76
75
56 56
50 -
25
12 32 16 23 S 23 37 42 18

Genotype1 GT1a Other A B C No Yes No Yes 228 <28

genotypes child-Pugh Ascites Hepatic Albumin
encephalopathy g/dl

ALLY-1 Poordad F EASL 2015 Abs. L08



Paritaprevir/Ombitasvir/Dasabuvir/RBV
post OLT: Preliminary Efficacy Results

810 1027 1658 1712 1973 2421 301
NS2 NS3 m NS48 NSSA NS58

| . | . J
Envelope Protease Serine ﬁHehcase Membranous RNA-d|_pendent

gl rotein rot web : : RNA polymer.
glycoproteins protease e polymerase
Ombitasvir pasabuvir

Paritaprevir Serine protease cofactor

34/34 34/34 32/33 25/26
RVR EOTR SVR4 SVR12

(Week 4) (Week 24)

Dose adjustments with tacrolimus and cyclosporin easily
addressed




Transplant eGFR>30

Basic Combination RBV Duration GT1 data GT4 data SVR12
(weeks)

Ledipasvir + Sofosbuvir
(Harvoni) Colombo et Colombo et al.,

al.,

Daclatasvir + Sofosbuvir Yes 12 ALLY-1 EASL 97%
600mg recommend-
ation

Paritaprevir/ CORAL-I PEARL-1
Ritonavir+ Ombitasvir Extrapolation

(Qurevo)
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EVALUATION & INDICATIONS
FOR TREATMENT

Nature and stage of chronic kidney disease

Compelling Indications:

1. HCV-infected patients who have already received a kidney
transplant [Class I, Level B (AASLD 2015)]

2. Patients on the waiting list for kidney transplantation

[Class I, Level B (AASLD 2015)] & [A1 EASL]
» In critical situations where KTx cannot wait, treatment may be postponed to follow the

transplant, yet at the expense of increased risk of acute post-transplant complications.

3. Mesangiocapillary glomerulonephritis
[Class lla, Level B (AASLD 2015)]

4. Nephrotic syndrome due to any histopathological type of
glomerulonephritis [Class lla, Level B (AASLD 2015)]

5. Patients on regular dialysis
[Class lla, Level C (AASLD 2015)]



EVALUATION & INDICATIONS
FOR TREATMENT

Nature and stage of chronic kidney disease

Potential Indications:

(To be considered on individual case to case basis by a panel of

experts; priority to higher severity grades and life threatening co-morbid
conditions that are likely to tolerate and benefit from eradication of HCV
Infection)

1- Patients in CKD stages 3-5 (eGFR < 60 mlI/min/1-73sgm),
regardless of etiology ( not graded)

2- De-novo HCV infection persisting for over 12 weeks in patients
with any grade CKD.
[KDIGO 2008 (Weak)]



Scoring of patients with CKD for DAA treatment priority.

Positive points:

Post-renal transplant

Regular Dialysis

Cryoglobulinemic vasculitis

Non-Hodgkin B-cell lymphoma

Biopsy confirmed MCGN with hypocomplementemia
Biopsy-confirmed MCGN without hypocomplementemia
Nephrotic syndrome regardless histological type
Previous treatment failure

HBV/HIV/ CMV co-infection

Stage of kidney disease (MDRD-4)

Stage of liver disease (Fibroscan)

Negative points:
Age >70
Decompensated cirrhosis

Concurrent drug-drug interaction with selected Protocol
Concomitant heart disease

Concomitant pulmonary disease

Concomitant CNS disease

S points
S points
S points
S points
4 points
3 points
2 points
2 points
2 points
1 point/stage
1 point/stage

-1 point/Syears

-3 points

-3 points

-1 point/NYHA score
-1 point/- 10% FVC1
-1 point/10%disability




CONCLUSION

HCV can now be cured by DAA

DAA can be used across all genotypes and in all
stages of liver and kidney disease

Where possible, antiviral therapy should be given to
potential transplant recipients before listing for renal
transplantation.

Paritaprevir/r/fOmbitasvir (Qurevo) &
Grazoprevir/Elbasvir (Zepatier) are best options for
Dx patients, other options include

Sofosbuvir /simeprevir
Sofosbuvir/daclatasvir
Sofosbuvir/ RBV 93




CONCLUSION

Treatment options in kidney transplant patients
Include

Sofosbuvir / Ladipasvir (Harvoni)
Sofosbuvir/ Daclatasvir
Paritaprevir/Ombitasvir//RBV (Qurevo)
Sofosbuvir /simeprevir

Sofosbuvir/ RBV

Interferon should be completely avoided in kidney
transplant recipients

94
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