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Learning Objectives

After attending this presentation, learners will be able to:
= List treatment options for treatment-experienced patients

= Describe the relevance of resistance-associated
substitutions
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Considerations for DAA regimen failures

Can they
take RBV if
needed?

Prior Therapy Patient
DAA classes Cirrhosis
RBV BMI
Duration Renal disease

+

Resistance?
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Case

+69 y/o African-American gentleman with HIV / HCV co-infection
«HIV suppressed, CD4 568 cells/mm?3, TDF/FTC/rilpivirine
< PIt=135K, Cirrhosis by ultrasound, no decompensation, no varices, albumin 3.6
+BMI 33, Cr 1.1, IL-28B T-T, No prior treatment, genotype la

+12 weeks of ledipasvir/sofosbuvir, week 4 HCV RNA is target detected but not
quantifiable

*Reports good adherence, takes pills with HIV medication upon awakening, missed
2 doses (took 84 pills over 86 days). HIV RNA remains suppressed on treatment

+HCV RNA positive at week 4 post-treatment

+He was eating more tomatoes during the last two months of treatment that caused
heartburn, was taking TUMS at night
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Drug Interactions Between DAAs and ARV Drugs—Recommended Regimens
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Substrate of
DDI CYP3A4,
OATP1B1/3
ATV/r
DRV/r
LPV/r
TPV/r
EFV
RPV
ETV No data
RAL SIM «»; RAL o
cobi
DLG No data
MvC Nodata
TDF SIM ; TFV o

Substrate of
P-gp and BCRP

No data

SOF {; DRV e
No data

Inhibitor of Inhibit/Sub of

Inhibitor/ OATP1B1/3, BCRP, UGT1A1,0ATP1B1/3
Substrate of P- 1 £P. BCRP, CYP;
TEOR ubstrate of P-gp s > CYP3A4,
gD anc and CYP3A4 CYP2CS, P-gp
LDV f; ATV 1 Dev 1 L IR

LDV 1; DRV < ALLY-2

No data ALLY-2

[Mlstide courtesy of Jennifer Kiser

SOF «; EFV < ION-4 < DCV |
SOF «»; RPV LDV «; RPV < ALLY-2 <
No data No data No data* No data
SOF «»; RAL e LDV <; RAL ALLY-2 PrOD «; 1 RAL
Cobi 1; SOF 1 LDV 1; SOF 1 No data No data
No data LDV «; DOL ALLY-2 PAR |; DOL {
No data No data No data No data
SOF «»; TFV «» LDV «; 1TFV DCV «; TRV > PrOD ; TFV <

ARS Question 1: What type of HCV resistance testing
would you perform at this time?

. NS3
. NS5A

. Both NS3 and NS5A testing

1
2
3. NS5B
4
5

. None
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Case part 2
+ NSBA resistance testing: « NS3/4A resistance (2 years
earlier):
+ Mutation: Q30R
[Agent Result Agedt Mutation: I§PRe!t
Daclatasvir Resistance Probable Boceprevir Sensitive
Ledipasvir Resistance Probable P Sensitive
Ombitasvir Resistance Probable Telaprevir Sensitive
Elbasvir Resistance Probable
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Key principles of HCV resistance-associated

substitutions (RASSs)

+Viruses with RASs may exhibit variable “fitness” compared to wildtype
+Higher fitness last longer (e.g.NS5A), lower fithess may be transient (e.g. NS5B)

*RAS are present at baseline in the absence of drug exposure, but may or may

not be detected. RASs that are selected during treatment tend to confer more
resistance.

+The longer on treatment the more likely to have RASs at time of virologic failure.
+RASs may impact treatment responses in select situations

«Situation is often worse in presence of other treatment characteristics
*Resistance is NOT futile

+May be overcome by longer durations, addition of ribavirin, or later-generation agents
+For newly approved regimens detection of RASs is most often NOT necessary
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Resistance Testing Assays

«Traditional approach is population sequencing, newer assays use
“ultra-deep sequencing (next-generation sequencing, or NGS)
+Available:

*HCV NS5A drug resistance assay (LabCorp / Monogram
Biosciences)

*NGS - 10% threshold for reporting

*HCV NS3 and NS5 HCV RNA genotype + resistance (Quest)
*RT-PCR with DNA sequencing
*For GT1 and GT3

*GT1 assays are subtype specific
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Adapted from David Wyes

Differences in the barrier to resistance by drug class

* RAVs to one drug are generally cross resistant to other drugs within a class (but
not always)

« Viral fitness of RAVs effects their persistence after discontinuation of therapy

NSSA Inhibitors

Ledipasvir
[Drugs in Class Sofosbuvir Dasabuvir

Pibrentasvir

varabie . verybow varabie
earierto esistance. | atoverbamerthan | STTHHON | (ajcuerbamerian | ctalowe barerthan
1b) o 1b) 1b)

2% and 3rd generation
Singletarget Allosteric Multple antviral
[comments Pls have higher barrier,
ZOLIEAE ive site Many targets Mechanism of Action
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What do we mean by barrier to resistance?

Mutations may produce strains of varying fitness to
replicate

-
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A “fit* mutant strain An “unfit” mutant strain

Baseline RAS versus selected

NS3|RAS

Compared to selected RAS,
baseline RAS more likely to be:

1. Single variants

2. Variable prevalence within
populations

3. Present regardless of other
characteristics
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Baseline RAS versus selected

NS3RAS NS5|RAS

Selected RAS more
likely to be:

1.Multiple variants

2.High prevalence within
populations

3.More difficult to treat
characteristics
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Viruses with RASs exhibit variable “fitness”
compared to wildtype

Significant sofosbuvir
RASs arerare / super s e
low frequency at 4 FCEC, 06
baseline M e

\d

NS3 NS5A  NS5B

\j

S$282T rarely detected
Disappears quickly

Sou 2827 |

reie |

HCV vieal load (Uimi)

Sofosbuvir

973% 2027 o,

Fcec, o1 7]

T ARy
FCEC,08| |FCECy 11
e 18% RC 19%

<% 2627
FOECy, 09

e 12%

[z75% 2827

|Rc13%

LOD (15 k)
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4 8 12 16 20 24 28 32 3% 40 44 43 52 %6 &0
Vieeks.

Svarovskaia, et al. Clin Infect Dis 2014: 59(12), 1666-1674

Viruses with RASs exhibit variable “fitness”

compared to wildtype

Variable at
baseline (R155K — lavariants
~1%) 1b variants
NsS3 NS5A E
H Wedian
&
\4 -
Fitness varies by 024
mutation and 01 VA b
0
SUbtype 0 2 4 6 8 10 12 14 16 18
Time After Treatment Failure (Mos)
Sullivan, et al. EASL. 2011
lide 17 .0£40

Viruses with RASs exhibit variable “fitness”

compared to wildtype

baseline

e

At
' Virol}gi

Higher fitness C..f*

99
(72073)

Paterts vith NSSA RASs
I Patients vithou NSSARASS

e 18 of 40 Wyles, et al. Abstract 0059, EASL 2015

NS5A RASS in patients who faied LDV treaiment
Before Viout SOF
L - Posiions 24, 26, 30, 31, 32, 58,93 that confer >2.5-10ld
veduced susceptbiity 10 LDV in vitro were included
N 8%
Variable at ¢ Majority of RASs Still Detected After 96 Weeks.

(>1% of Population)

86

%f>

PatientsVigh &
NSBARAYs

VF Parent FU-12  FU-48
Stud

Registry Study
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Ability of RASs to persist is dependent on

Persistence of NS3 RAVs aver time

g w

Variable at
baseline
(R155K ~1%)

vy o

Persistonce of NSSA RAVs over time
Fitness varies -

by class = pvmn

-

R Prasare

5 RA Pressnt
E

= T

Black et al. EASL 2017 IR
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ARS Question #2: How would you treat a patient with
SOF/LDV experience and documented NS5A resistance?

1. SOF/VEL + RBV x 24 weeks

2. SOF + PrOD + RBV x 12 weeks

3. Glecaprevir/pibrentasvir x 16 weeks

4. SOF/VEL/VOX x 12 weeks
5. SOF/VEL/VOX + RBV x 12 weeks

lide 20 of 40

Examples of salvage regimens before the newest

approvals

Off label: “The kitchen sink”

sofosbuvir + simeprevir + RBV x EK KNOBS.CO
24 weeks

paritaprevir/ritonavir/ombitasvi
r/dasabuvir + sofosbuvir +/- RBV

elbasvir/grazoprevir +
sofosbuvir +/- RBY

simeprevir + daclatasvir +
sofosbuvir +/- RBY

$19,377
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Broad Cross-resistance With

e la 1b

Ledipasvir

Ombitasvir

Daclatasvir

Elbasvir

Velpatasvir

Pibrentasvir <10x/<10x

ACH-3102

MK-8408

heng G. 71172, EASL 2012 2 5 EASL 201 EASL 2013:Ng T, #639 CROI 2014, Asaree-Appia

e
£ ARSLD 2014,
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Glecaprevir / pibrentasvir for

re-treatment of NS5A failures - MAGELLAN 1

GLE 12 versus 16 weeks, GT1,4-R
PIB SVR12 by DAA Class in Prior Therapy

*34% / 26% cirrhosis per grot

« Baseline RAS 1
*NS5A only: 55% / 52% J_

z =
«NS3+NS5A: 11% / 9% £ .
4 S
@ igiio || . Overal SVR 89%vs 910% & ©
« 12wks higher relapse w/ NS! .
RAS ProrDAA P NSSA  Pe P NSSA  Pie

Cass omly only  NSSA only  onky NSSA

«Dual NS3/NS5A - 55% relap ~ Reswmer G/F:12weeks P 16 weeks:
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Glecaprevir / pibrentasvir for

re-treatment of NS5A failures - MAGELLAN 1

SVR12 by Key NS3 and NS5A Baseline Substitutions

100 100 100 100 9

Key baselne NS3 and NS5A
substutions were only present in
patients with prior fadure to
both Pl and NSSA nhibitors

L s artnse ptns

achieved SVR12

SVR12 (% Patients)

[ Magellan |

0.
Baseline NS3  NSSA  None  NS3  NSSA  weymsa pousons 155,356,168
Substitutions. only  ealy only  Only  KeyNSSAposmees:24.28,30,31,58,52.93
o

Regimen G/P: 12 weeks G/P: 16 weeks

Y93H/N at baseline: 100% (13/13) SVR12 in patients with NSSA inhibitor experience (Pl-naive)
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Glecaprevir / pibrentasvir for

re-treatment of NS5A failures - MAGELLAN 1

GPILBE Adverse Events (AE) and Laboratory Abnormalities
Event, n (%)
Any AE 33(75) 32 (68)
Serious AE 1(2) 2(a)
Serious AE potentially related to DAA 0 o
‘ \ AE leading to study drug d/c 0 0
Yagellan J| AEs occurring in >10% of patients
) Headache 6{14) 11(23)
Post-baseline laboratory abnormalities
Alanine aminotransferase®, Grade 23 (»5 x ULN) 0 0
Total bilirubin, Grade >3 (>3 x ULN) o o
Hemoglobin, Grade 3 [<8 g/dL) [ o
: i s o
lide 25 of 40 Poordad et al. EASL 2017

SOF/VEL/VOX for re-treatment of NS5A failures

VOX *POLARIS 1

«Includin
compensated
cirrhosis F46%)

*2.2% relapse

+4 GT 3 relapse —all
33 and % Flgd BL
NS5A RAS

*No treatment
emergent RAS

«all VF had cirrhosis (6
R, 1VBT)

SVR12, %

No Cirthosis
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Cirrhosis.

VEL * GT 1-6 (30% GT3) SOFIVEL/VOX 12 Weeks (n=263)
SOF +12 weeks of therapy
* vs placebo 100 3 93

Bourliere et al. NEJM 2017

POLARIS-1

SVR12, %

N3
NS5A

+ 83% of patients had baseline RASs; 79% had baseline NS5A RASs
+ Two patients had S282T at baseline, both achieved SVR12
+ None of the patients who relapsed had treatment-emergent RASs
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|

Recommended and alternative regimens for:

Compensated Cirrhosis® @

Recommendations for Testing,

| Managing, and Treating Hepatitis C
| AASLD

RIDSA

NSS5A Inhibitor DAA-Experienced, Genotype 1 Patients With or Without

Taken from hitp:hcvquidelines.org, September 26, 2017

RECOMMENDED DURATION | RATING @
Daily fixed-dose fion of sofosbuvir (400 ir (100
|| ma)ivoxilaprevir (100mg) PR bk
ALTERNATIVE DURATION RATING @
| | Daily ixed-dose tion of
| | ma)® except NS3/4 protease inhibitor inclusive DAA combination 16 weeks lla, B
regimens
| | = For sacompansatad crrhoss, piassa rafer tothe sppropriste saction
| | ©This is & 3-tablet coformulation. Pleass refer to the prescribing information.
Resistance testing is generally not recommended for these regimens=°'"°";:"y

Case 2

* Other Meds: HCTZ 25mg; Vit D
* Exam: normal

Fib-4 4.14

lide 29 0f 40

* A 55 year old woman with GT 3 HCV has failed SOF + DCV x 12
* She is HIV pos on elvitegravir, cobi, FTC, TAF

* HCV 6.2 log IU/ml; alb 3.6; TB 1.2; creat 1.1; INR 1; AST 62
U/L; ALT 47; PLTs 120K; FibroSure 0.8; elastography 15.6 kPa;

. Test for resistance

. SOF/VEL/VOX x 12 wks

. SOF/VEL/VOX + RBV x 12 wks
. GP x 16 wks

. SOF/DCV/RBV x 24

u B W N
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ARS Question 3: What is the next step?
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Retreatment of GT 3 failure with cirrhosis

Recommended regimen for:

DAA-Experienced (Including NS5A Inhibitors), Genotype 3 Patients With or
Without Compensated Cirrhosis® @

RECOMMENDED DURATION | RATING ©
Daily fixed-dose combination of sofosbuvir (400 patasvir (1000l | 1 eeks A
voxilaprevir (100 mg) )
For patients with prior NS5A inhibitor failure and cirrhosis, weight-based 12 weeks e C
ribavirin is recommended. ’
* For decompensatad cirhosis, please refer to the appropriate saction.

No alternative recommendation for this situation

Bourliere M NEIM 2017
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ARS Question #4: What is the next step before that step?

1. No changes

needed

2. Switch ART
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Sofosbuvir/velpatasvir/voxilaprevir: ARV DDI

* Healthy volunteer study included
—DRV/r + TDF/FTC, EVG/cobi/TAF/FTC, BIC/TAF/FTC, RPV/TAF/FTC
—Remember no EFV/ETR allowed due to VEL

Effect of SOF/VEL/VOX on HIV ARV PK

L”—+_
T ot 1

Jide 33 0f 40 Garrison et al.Clin Pharm 2017
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Drug Interactions Between DAAs and ARV Drugs—Recommended Regimens
G ae cond D et

Bl
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When should one
test for RASs?

http://hevguidelines. org

RECOMMENDED RATING O
Elbasvirlgrazoprevic
NS5ARAS tasiing for genotype 1a-infected, 0
or I prosent, a diflarant

regimen shouki be considered.
Ledipasvirisofasbuvir
NSSARAS tesing can be considered for genolype 1a-infected, ireatment-experienced

i If clinically
impartant* resistance & present, a different recommended therapy shauld be used. LA
NS5A RAS tasing can be considered for genatype 1a-infacted, ireatment-experienced

If clinically impartant*

resistance is present, a different recommentded therapy should be used
Safosbuvirivelpatasvir
NS5ARAS testing for rinfected, patients with
irrhoss at i {with or withowt cirhosis) b ie LA
for 12 weeks of sofosbuvirvelpatasuie. If YB3H is present, weight-based risavirn should
e added or sofosbuvir/velpatasvirvoxiaprevir should be used.
Daclatasvir plus sofosbuvir
NSSARAS tesing ’ . ’

i for plus sofosbuvir If
YH3H i present, weight-based ravirin should be added. -
NS5A RAS testing I for i . patients with E
rhoss 24 i plus sofasbunir. I Y83H is prosent,
eatment should inciuds weigh-based risavinin, of & difierent recommended teeapy
used
* Ganicaby mportnt = greatsr han 100-40d resatarcs

September 26, 2018
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NOT RECOMMENDED

RAS tesing 15 rot recommended for any genotype 1b-nfected patents beng considered 5
for elbasvicigrazoprevir therapy. test for RASs?

Giecapreviripibrentasvir
RAS testing is not recommended for patients with genotype 1, 2. 3, 4, 5, or & infection
being considered for glecapreviripibrentaswir for 8, 12, or 16 weeks.

Ledipasvirisofosbuvic
NSSA RAS testng is not recommended for any genotype 1b-rfected patents beng LA
Cconsdered for ledpasve/s0lostuvy Theragy

NSSA RAS testng s not recommended for genotype 1a-nfected. reatment.narve patients
beng consdered for ledpasv/solostue thesady

NSSA RAS testing s not recommended for genofype 13- o Th-nfected, veatment-nane
patents wihout Crrhos:s and with a vral load <6 millon IUimL bemg cons:dered for an 8- LA
week course of ledpasvesolostun therapy

Parttapreviriritonaviriombitasvir with dasabuvir £ weight-based ribavinn. or

. ribav,
RAS testing is not recommended for genotype 1- or 4-nfected. reatment-naive or
~expenenced patents being considered for therapy wih pantaprevr mionav OmOAESYE
wih dasabuve & rbavin or pan rbtasv +
rbavin, respectively

Sofosbuviriveipatasvir
RAS testing is not recommended for patients with genotype 1. 2. 4, 5, or § infection being LA
considered for 12 weeks of solosbuvirivelpatasvir thecapy.

Sofosbuviriveipatasvirvoxilaprevir
RAS testing is not recommended for patients with genotype 1. 2. 3, 4, 5, or 6 infection LA

Eibasvirigrazoprevir When should one NOT

http://hcvguidelines. org
being consxdered for 12 weeks of sofosbuvr/velpatasvirvoxiaprevy therapy. September 26, 2018

Key principles of HCV resistance-associated

substitutions (RASSs)

«Viruses with RASs may exhibit variable “fitness” compared to wildtype
< Higher fitness last longer, lower fitness may be transient

*RAS are present at baseline in the absence of drug exposure, but may or may
not be detected

« Possibility of transmission
+RASs may impact treatment responses in select situations
« Situation is often worse in presence of other treatment characteristics
« Resistance is NOT futile
+May be overcome by longer durations, addition of ribavirin, or later-generation agents

« For newly approved regimens detection of RASs is most often NOT necessary

lide 38 0 40

. aKe rorne golnes

+ The most important factor in deciding upon re-
treatment regimens is the prior DAA failure
+ Resistance-associated substitutions are NOT

futile

* May impact select situations

+ Certain mutations may require longer

treatment courses, ribavirin

* Ribavirin-free regimens are newly available
approved for many re-treatment considerations

Jide 39 0f 40

Portland, Maine, October 25, 2018

Page 13


http://hcvguidelines.org/

Question-and-Answer
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