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Challenge No. 1

HOMELESS PEOPLE / PWID



Iceland: 95% of eligible HCV infected patients were initiated
on treatment within three years. Results from the treatment
as prevention for hepatitis C (TRAP HepC) program

WHO treatment coverage targets: 90% diagnosis and 80% treatment of eligible patients by 2030

Icelandic TraP HepC program aims to offer HCV treatment to all known cases within a 36-month period
(2016-2018), focusing on those most likely to transmit

Demographics

Characteristic N=703

Age, years, mean (IQR) 44 (34-54)

Male, n (%) 474 (67)
Route of infection, IDU 84%
Recent IDU? 33%
Homeless 7%
Incarcerated 5%
Stimulants used 85%
Opioids used 13%
Genotype 3a 58%
Genotype 1 40%
Cirrhosis® 7%

awithin 6 months; "hepatic stiffness >12.5 kPa

% increase

Increase in HCV testing compared to

previous years

100
80-
60-
40-

81

2016 2017 2018

Olafsson S, et al. AASLD 2019, Boston, USA. #1516

718 evaluated

703 signed informed

consent

703 initiated the

rapy

15 not

b

Patient status during first 3 years of TraP HepC

[
[
[
[

650 remained on treatment

18 PCR not available

L 12 wks post-treatment

53 discontinued

]

6 PCR not available

12 wks post-treatment

]

-
632 PCR results 47 PCR results
12 wks post-treatment 12 wks post-treatment
~ -
p
603 (95%) 29 (5%) 25 (47%) 22 (42%)
PCR neg PCR pos PCR neg PCR pos
12 (41%) 12 (41%) 21 (95%)
Reinfection Retreated

628 (89%) PCR negative of those who initiated treatment
(7% positive, 4% PCR missing 12 wks)




Challenge No. 2

DRUG-DRUG INTERACTIONS



Important drug-drug interactions™ (DDI)
of dual antiviral combinations

Sofosbuvir + Ledipasvir Amiodaron, anticonvulsants, antacids, PPI (high dose),
rifampicin, St John‘s Worth, statins
Sofosbuvir + Velpatasvir Amiodaron, anticonvulsants, antacids, PPI (high dose),
rifampicin, efavirenz, St John‘s Worth, statins
Grazoprevir + Elbasvir Dabigatran, anticonvulsants, antimycotics, bosentan,

St John‘s Worth, atazanavir, darunavir, lopinavir, u.a.,
efavirenz, statins, ciclosporin, modafinil

Glecaprevir + Pibrentasvir Dabigatran, anticonvulsants, rifampicin, ethinylestradiol,
St John's Worth, atazanavir, darunavir, efavirenz, statins,
ciclosporin, omeprazol

*HEP Drug Interactions, University of Liverpool: http://www.hep-druginteractions.org
*HEP Mobile Apps (Apple, Android)

But some challenges remain with e.g. anticonvulsants, herbal preparations, etc.



Challenge No. 3

TREATMENT OF PATIENTS WITH
CKD STAGE-4/5 AND
DECOMPENSATED CIRRHOSIS



SOF/VEL for 12 weeks is safe and effective

Baseline demographics

n (%) or mean (range) SOF/VEL N=59

Age (years)
Male

White

BMI (kg/m2)

HCV genotype
1

1a/1b/other
2
3
4/6/indeterminate

Compensated cirrhosis
IL28B CC genotype
HCV RNA (log,, IU/mL)
Prior treatment experience
Type of dialysis
Hemodialysis
Peritoneal dialysis
Duration of dialysis (years)
Prior renal transplant

60 (33-91)
35(59)
31(53)

26 (17-39)

25 (42)

13 (22)/11(19)/1 (2)

7 (12)
16 (27)
4(7)/2(3)/5(9)

17 (29)
23(39)
5.8 (3.1-7.7)
13 (22)

54 (92)
5(8)

7.3 (0-40)
19 (32)

Borgia S, et al. AASLD 2018, San Francisco, USA. #LB-15

—

SVR12 (%

100 - 25
80 - Patients, n (%)
60 -
Virologic failure
40 Relapse
20 Other
0-
Total
Safety, n (%) SOF/VEL N=59
AE 47 (80)
Grade 3 AE 7 (12)
Serious AE 11 (19)
Treatment discontinuation
due to AE 0
Death 2(3)
Grade 3/4 laboratory 25 (42)
abnormality
AEs in 210% patients
Headache 10 (17)
Fatigue 8 (14)
Nausea 8 (14)
Vomiting 8 (14)
Insomnia 6 (10)

in patients undergoing dialysis

SOF/VEL
N=59
2(3)

No Grade 3 or serious AEs were treatment related




Sofosbuvir-based regimen is safe and effective
for HCV-infected patients with CDK4,5 disease

* Meta-analysis of 21 studies, including 717 HCV
infected patients with CDK stage 4 or 5 (58% HD)

* SVR12/24: 97.1%; no significant differences in SVR
and SAE rates between full or decreased
SOF doses

* Similar SVR rates in cirrhotic and non-cirrhotic
patients

* No significant modifications of eGFR/serum
creatinine levels pre- and post-treatment (4 studies)

Li et al., Virol J 2019;16:34



Challenge No. 4

TREATMENT OF PATIENTS WITH
DECOMPENSATED CIRRHOSIS
WITH TRANSPLANT OPTION



Consensus Statement for Treatment of
Patients with Decompensated Cirrhosis

Recommendation 2.1

We suggest that HCV-infected patients with decompensated cirrhosis with CTP
Class B and/or MELD less than 20 on the waiting list for liver transplantation,
who are without refractory portal hypertensive symptoms or other conditions
requiring more immediate transplantation, should be treated with antiviral
therapy.

Recommendation 2.2

We suggest that HCV-infected patients with advanced decompensated
cirrhosis (MELD 30) or those who are expected to undergo liver
transplantation within 3 months should not undergo antiviral therapy.

Recommendation 2.3

We suggest that HCV-infected patients with decompensated cirrhosis with
intermediate MELD scores and/or low MELD scores but refractory portal
hypertensive complications who are on the waiting list be offered treatment
with antiviral therapy selectively.

Terrault et al., International Liver Transplantation Society Consensus
Statement on Hepatitis C Management in Liver Transplant Candidates.
Transplantation 2017; 101: 945-955



Delisting of liver transplant candidates with chroj
Infection after viral eradication: Outcome after it

= 142 patients listed for decompensated cirrhosis
without HCC treated with DAAs

= 38/142 patients (26.8%) delisted due to clinical
improvement

* Median (IQR) f/u from start of Tx = 28 months,
from delisting = 15 months

= 37/38 delisted patients alive

= 2 pts were relisted for clinical re-decompensation

(MELD at relisting were 16 and 15)

A MELD at 12 wks 1.315 1.181-1.464 <0.0001
BL MELD

<16 Ref

16-20 0.176 0.075-0.41 <0.0001
>20 0.094 0.029-0.305 <0.0001

Belli LS, et al. EASL 2017, Amsterdam. #PS-063
Belli LS, et al., J Hepatol 2016;65:524-531
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MELD score
At last update
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4
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MELD score
olpt 02 pts @ 3 pts

2 24 26



Challenge No. 5

TREATMENT OF PATIENTS WITH
DECOMPENSATED CIRRHOSIS
WITHOUT TRANSPLANT OPTION



ASTRAL-4: SOF/VEL for HCV in Patients
with Decompensated Cirrhosis

SOF/VEL n=90 »SVR12

SOF/VEL + RBV n=87 »SVR12

SOF/VEL n=90 »SVR12

//
Wk 0 Wk 12 Wk 24 7 Wk 36

96 100 100

SVR24 rates (%)

Overall G1 G3 G2,4,6

Curry MP, et al., N Engl J Med 2015;373:2618-28



Clinical Benefits of SVR with SOF/VEL in
Decompensated Cirrhotic Patients

A CPT Score
47% Better 11% Worse
60

g
a
H
&
s
a

5 4 3 2 -1 0 1 2 4 5

Change in CPT Score
No. of Patients 1 1 5 31 79 106 21 4 1 1

B Baseline MELD <15

51% Better 27% Worse

Patients (%)

-1-8 -7 6-5-4-3-2-1012 3 4711
Change in MELD
No.ofPatients 0 0 3 2 9 4 18 34 44 49 30 22 2 4 1 1

C Baseline MELD =15

81% Better 7% Worse

Patients (%)

-1-8 -7 6 -5 -4 -3 -2-1 01 2 3 4 7 11
Change in MELD
No.ofPatients 1 1 0 1 2 4 5 1 7 3 1 0 1 0 0 O

Curry MP et al., N Engl J Med 2015;373:2618-2628

Table 3. Ad Events and Hematologic Abnormalities.
Sofosbuvir-Velpatasvir
Sofosbuvir-Velpatasvir plus Ribavirin Sofosbuvir-Velpatasvir
for 12 Wk for 12 Wk for 24 Wk
Event (N=90) (N=87) (N=90)
number (percent)

Any adverse event during treatment 73 (81) 79 (91) 73 (81)
Common adverse events*
Fatigue 23 (26) 34 (39) 21 (23)
Nausea 22 (24) 22 (25) 18 (20)
Headache 23 (26) 18 (21) 17 (19)
Anemia 4 (4) 27 (31) 3(3)
Diarrhea 6(7) 18 (21) 7(8)
Insomnia 9 (10) 12 (14) 9 (10)
Pruritus 10 (11) 4(5) 4(4)
Muscle spasm 3(3) 10 (11) 4 (4)
Dyspnea 4 (4) 9 (10) 2(2)
Cough 2(2) 9 (10) 0
Hematologic event
Reduced hemoglobin level
<10g/dl 7(8) 20 (23) 8(9)
<8.5 g/dl 15() 6 (7) 1(1)

educed lymphocyte coun
350 to <500 per mm?* 10 (11) 12 (14) 8(9)
<350 per mm? 3(3) 12 (14) 6(7)

500 to <750 per mm? 2(2) 1(1 2(2)

<500 per mm® 0 1(1) 1(1)
Reduced platelet count

25,000 to <50,000 per mm? 15 (17) 10 (11) 18 (20)

<25,000 per mm? 1(1) 0 0
Reduced white-cell count

1000 to <1500 per mm? 1(1) 1(1) 4 (4)

<1000 per mm? 1(1) 1(1) 0

* Common adverse events occurred in at least 10% of patients in any group.




Challenge No. 6

NON-RESPONDERS TO
SOF/VEL/VOX



Safety and efficacy of sofosbuvir/velpatasvir/voxilaprevir-
based regimens for the treatment of HCV genotype 1-6:
Results of the HCV-TARGET cohort

Disposition and Outcomes

Disposition, n (%) SOF/VEL/VOX | SOF/VEL/VOX/RBV
N=114 N=14

Completed treatment 106 (93) 13 (93)
Lost to on Tx follow-up 3(3) 1(7)
Discontinued 5(4) 0

AE? 3(3)

Non compliance 1(1)

Liver transplant 1(1)

Treatment outcome status, n (%)

SVR12 available 98 (86) 13 (93)
Lost to on Tx follow-up 3(3) 1(7)
Lost to post Tx follow-up 13 (11) 0

21 drug intolerance, 1 influenza-like illness, 1 schizophrenia; No deaths

BL, baseline; DAA, direct-acting B Total
antivirals; Hx of decomp, history SOF/VEL/VOX
) SOF/VEL/VOX/RBV
of decompensation; PI, protease
inhibitor; Tx, treatment

Zeuzem S, et al. AASLD 2019, Boston, USA. #1558

SVR12 (% patients)

SVR12 (% patients)

[IRY
N O
v O

N U
o un O

100 98427100 8599 1000 4813 923,299

SVR12 Rates by Disposition

23,8 23,5 9249 931 90,9 924%™
84,6 84,6 85,7
77,8
All DAA Non- Cirrhotic Hx of Prior
exp. cirrhotic decomp. SOF/VEL

n1

83,3

GT1 GT2 GT3 GTother Plexp. NS5Aexp. RAS
at BL



Safety and efficacy of sofosbuvir/velpatasvir/voxilaprevir-
based regimens for the treatment of HCV genotype 1-6:
Results of the HCV-TARGET cohort

N o 1 B 150 L B .5 S L35 W1 .5 W L
1 SOF/VEL/VOX SOF/LDV Black la M28M/V+L31M N N
2 SOF/VEL/VOX SOF/LDV Black 12 1a No RAS N - N
3 SOF/VEL/VOX SOF/LDV, G/P Black 12 1a Q30R+L31M+H58D N - N
4 SOF/VEL/VOX EBR/GZR Other 12 1a No RAS Y B Y
5 SOF/VEL/VOX SOF/LDV White 12 1a Q30R N = N
6 SOF/VEL/VOX SOF/VEL White 12 3a S62T+Y93H N N
7 SOF/VEL/VOX SOF/DCV/RBV, SOF/LDV/RBV White 13 3a No testing done N - N
8 SOF/VEL/VOX/RBV SOF/RBV, SOF/DCV, EBR/GZR Other 12 3a S62T+Y93H Y A Y
9 SOF/VEL/VOX/RBV Naive White 12 3a No testing done Y A N

All but one of the patients who experienced a treatment failure with SOF/VEL/VOX/RBV regimen were treatment experienced. Only one patient is HIV-coinfected. None of the patients have
history of liver transplant; 2’Decomp’ denotes history of decompensating events prior to treatment start

* Predominance of GT1 and GT3 was observed, only 6% of other GT infected patients

* SOF/VEL/VOX = RBV is an effective rescue therapy for patients with prior DAA failure
with 93% achieving SVR12

* Subgroups with numerically lower rates of SVR12 are those with history of
decompensation and GT3

* Prior SOF/VEL treatment failure was not predictive of SOF/VEL/VOX treatment outcome

* Treatment was safe with no SAEs attributed to treatment
RUBHTISHEN0RR T hAHEKtS Witk history of current decompensation was evident in 13%



A real world resistance profile of virologic failures
collected from an international collaboration (SHARED)

Rare genotypes tend to select multiple
NS5A RAS after DAA failure
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RAS patterns are unigue among genotypes
New RAS were observed in real-world clinics

“Rare genotypes” tend to select multiple RAS

High frequency of $282T mutation

30
25
20 -
15 -
10 -

9,6

O

in G4 failures

mGla mG1lb G3 mG4

14,6

22,6

3,2 3,2
1,7 o) O

159 282 314 316 320 321
NS5B amino acid

20% of the G4 patients selected NS5B S282T after failing SOF-regimens

(confers 2- to 18-fold reduced drug susceptibility to SOF in HCV replicons)

Howe A, et al. AASLD 2018, San Francisco, USA. #204



Highly diverse HCV strains detected in sub-saharan
Africa have unknown susceptibility to DAA treatments

* 7751 Ugandan patients screened
for HCV

* 20 PCR-positive samples = NGS

* Genotypes 4k, 4p, 49, 4s , and
GT 7 prevalent

* NS3 and NS5A polymorphisms
associated with resistance to
DAAs

* Clinical trials are required where
highly diverse GT4 and GT7
strains circulate

Davis et al., Hepatology 2019;69:1426-1441



Challenge No. 7

HCV TREATMENT IN PATIENTS
WITH HCC, BCLC STAGEB / C



IF

N

o

Author Year ES (85% C1) Waight
Oigawa 2013 i —s 36T (1.75,7.70) T.34
¥ Ambrosio 2011 —-n—i— 0.71(0.23,220) 4.4
Bruno 2009 - 1.74 (0.83,384) T.34
Walist 2008 —¢—i— 0.78(0.25,2.43) 4.4
Cardoso 2010 —t 1.86 (0.75,3.70) &.78
Yu 2006 -i—t— 204 (1.06,383) B25
Hung 2006 — 222 (0.92,534) &.12
Morgan 2010 —_— i 0.20 (0.05, 0.BO) 337
Aleman 2013 —s 1.03 (0.46,2.20) 678
Cheinguer 2010 —o{— 0.98 (014, 65.98) 1.84
Moaon 2015 —l:-— 1.12 (016, 7.84) 184
Femandez-Rodriguez 2010 —_— 099 (041,237 6.12
Janjua 2016 —-—E— 0.74 (033, 1.64) &.78
Rutter 2015 —_— 0.95(0.48,1.91) 7.83
Velosa 2011 : 0.36 (0.05, 2.58) 1.84
Mahon 2017 — 0.88 (061, 1.28) 11.70
D Marco 2016 — 0.85 (0.41,1.78) 7.4
Cwerall (l-squared = 45 7%, p = 0.021) Qk/» 1.14 (086, 1.52)  100.00

NOTE: Weights are from random effects analysis

T
001

30

HCC occurrence rate (/100 PY)
Meta regression of HCC occurrence

1.14 (0.86-1.52) _

| | Unadjusted RR | Adjusted RR 95% ClI

Average follow-up
Average age
DAA treatment

Waziry R, et al. J Hepatol 2017;67:1204-12

0.88
1.11
2.77

Author Year ES (85% CI) w:;;m
Cardoso 2016 e 741278 1974) 10.77
Conti 2016 —_— 4.51 (235, B.6T) 1373
Rinaldi 2016 | ——— 1029491, 21.50) 1282
Kozbial 2016 —_—— 1.80 (D87, 3.35) 14,04
Lei-Zang 2016 + + % 0.04 (000, 1.30e+07) 007
Fiovesan 2016 —— i 1.40 (080, 2.17) 1562
Affronti 2016 —_— 3.33 (125 8.88) 10.77
Muir 2016 + [ 0.12 (0.02, 0.85) 408
Camat 2016 —- 3.30 (267, 4.08) 17.08
Cwerall (l-squared = 80.5%, p=0.000) (4.‘:) 2,06 (1.76, 4.96) 100.00
MOTE: Weights are from random e fects analysis i 296 (1 76—496)
001 30
HCC occurrence rate (/100 PY)

0.75 0.56-0.99 0.04
1.06 0.99-1.14 0.12
0.68 0.18-2.55 0.56

RR: risk ratio



IFN

Author Year ES (95% CI) Weight
1

Haghara 2011 — 015 (4 58, 18.30)  12.00
1
1

Kanogawa 2015 —r—i— 6.40 (349, 12.058) 1613
1

Kunimoio 2016 — T.BT (482 12.84) 2581
1
1

Jeang 2007 5 1326(T.14, 2485 1613
|
1

5 sito 2014 —%— 1288 (6.14, 2T.01) 1129
1
1
I

S ane fuji 2009 —— % —— 1333(4.30,41.34) 484
1
1

Miin ami 2016 — B.10 (4 .05, 16.189) 12.80
1

Overall {l-squared = 0.0%, p = 0.638) <j> 021 (718, 11.81)  100.00
1
1
! 9.21 (7.18-11.81)

NOTE: Weights are fom random effects analysis |

[ [
0.05 50

HCC recurrence rate (/100 PY)

DAA

Authar Year ES (85% CI) Weight
Conti 2016 i —— 4582 (2849, TIT1) 1485
Pol, CO22 2016 — B.11 (543, 12.10) 15.14
Pol, COM2 2016 + 4.40 (062, 3120) B.ER
Pol, CO23 2016 —_— 2.82(1.35, 5.92) 1408
Reig 2016 —s— 5600(3360, B0.78) 1491
Rinaldi 2016 —i_.—} 2667 (378, 180.31) 888
Minami 2016 —I—.— 20.98 (943, 46.70) 1386
Tomes 2016 L= 0.07 (0.00, 2.28e+07) 0.20
Zavaglia 2016 + i 1.42 (0.20, 10.07) 888
Lei-Zang 2016 £ = : 0.08 (0.00, 2.60e+07) 0.20
Crverall (l-squared = 89.2%, p= 0.000) 1.-:_’_'_'_*:;_'_'_':_1- 12.16 (5.00, 29.58) 100.00
NOTE: Weights are from random effects analysis E 1 2 1 6 (500—2958)
0.05 50 100

HCC recurrence rate (/100 person-years)

Meta regression of HCC reccurrence

| | Unadjusted RR | Adjusted RR 95% ClI

Average follow-up 0.86
Average age 1.11

0.79
1.11

0.55-1.15 0.19
0.96-1.27 0.14

DAA treatment 1.36

0.62

0.11-3.45 0.56

Waziry R, et al. J Hepatol 2017;67:1204-12



Challenge No. 8

PREGNANT WOMEN



Hepatitis C infected pregnant women: Factors
associated with linkage-to-care after delivery

* Kentucky policy mandates HCV testing in pregnant women Demographics

* Aregistry was developed to enable a nurse-led linkage-to-care

navigation program for both mothers and infants N=97
ace

* HCV RNA detected in 89 (92%) of women; 78 (80%) women linked to White 85 (88)
care Black 12 (12)

* Women newly diagnosed with HCV infection (p=0.012) and/or not Unmarried 85 (50)
receiving prenatal care (p<0.001) were less likely to link to care ViEaEEle) sirEe JEIED,

: . D

* No differences between linkage to care rates and substance abuse, e usaethamphetamine 25 (26)
Heroin 19 (20)

current IDU, age, insurance status, marital status, educational
attainment, or other factors

* Linkage to care could be facilitated by

History of Smoking status Substance use ] .
injecting drugs (%) (%) during pregnancy (%) understa ndlng the |mportance of the
m Non- OBGYN
smoker . . . .
m No b h mNo | 42 * HCV infection in pregnant women in

Kentucky highly associated with a
history of injection drug use and
smoking
* New strategies needed to link
Cave B, et al. AASLD 2019, Boston, USA. #606 women WithOUt prenatal care

Yes 8 2 74 Yes



A phase 1 study of LED/SOF in pregnant women
with hepatitis C virus

* Pilot study on safety and efficacy in pregnancy

* Sofosbuvir 200 mg / Ledipasvir 20 mg x 12 wks

* HIV-negative women, GT 1, gestation week 23-24
* N=8, median age 32 (range 25-38) years

* All women achieved SVR, AEs < grade 2

* All participants delivered at term

* One year follow-up of infants ongoing

Chappell et al., CROI 2019; A87



Conclusions

* Several challenges remain in small populations.
Most likely that these populations disappear
faster than the challenges are solved

— e.g. patients with decompensated cirrhosis

* Key challenges to reduce the burden of disease
in geographic regions and populations:
— Diagnosis rates
— Linkage to care
— Access to DAAs
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