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Barriers to HCV Resistance- 
according to DAA class
• NUC Sofosbuvir High
• NS4 PI:s 

Asunaprevir, Simeprevir, Paritaprevir Low

Grazoprevir Medium
• NS5A inh 

Daclatasvir, Ledipasvir, Ombitasvir Low



Duration of HCV Resistant 
Variants (RAVs) according to 
DAA class
• NUC Sofosbuvir -
• NS4 PI:s 

Asunaprevir, Simeprevir, Paritaprevir 1-2 yrs
Grazoprevir

• NS5A inh 

Daklatasvir, Ledipasvir,Ombitasvir > 2 yrs



Detection of HCV Resistant 
variants (RAVs) according to 
method
• By population-based sequencing

when 20-25% of the strains 
have RAVs

• By deep sequencing
when < 5% of the strains have 

RAVs













Q 80K Resistant variants (RAVs) 
frequency in genotype 1a

• US 40-50 %

• Europe 5 %











RAV development in a patient 
who have been Rx with P/R +  
one DAA class repeatedly
• Male 35 year old with HCV gt 1a  after 

exchange transfusion as newborn 
• Fibrosis stage F3/4
• P/R non-response
• P/R + Daklatasvir non-response
• P/R + Telaprevir non-response
• Sof + Sim response but relapse











RAV development in a patient 
who have been Rx with P/R +  
one DAA class repeatedly

• Sof + Sim EOT response - 
relapse

• PI RAV R155K

• NS5A RAV L31M





What about treating patients with 
resistance or re-treatment 
following failure?



Practical approach for re-Rx of 
patients who have developed 
RAVs
• Use another DAA class

• NUC - Sofosbuvir can be used again

• Protease inhibitors can be used after 
1-2 years

• NS5A inhibitors should probably not 
be used again in the short-term



P0773 NS5A resistance-associated variants in 
patients with compensated cirrhosis treated with 
LDV/SOF ± RBV 

• Population (n = 34) or deep (n = 477) sequencing for the HCV NS5A 
gene was performed at baseline for all enrolled subjects with 
cirrhosis in the phase 2 and 3 studies of LDV/SOF

*p values represent the differences in SVR12 rates between patients with 
and without NS5A RAVs; †Presence of RAVs was evaluated by deep 
sequencing with assay cutoff of 1%

Sarrazin C, et al. EASL 2015; Poster P0773

Prevalence of NS5A RAVs and SVR12 rates*†

GT1a GT1b

P=0.002 P=0.64



The prevalence and effect of HCV NS5A resistance-
associated variants in subjects with compensated 
cirrhosis treated with LDV/SOF ± RBV

Sarrazin C, et al. EASL 2015, Vienna. #P0773

SVR12 rates by resistance level of baseline NS5A RAVs

11/12 3/3 70/70 10/15 11/11 187/193

Treatment-naive Treatment-experienced

15/16 5/5 54/54 19/20 11/11 96/100

Treatment-naive Treatment-experienced

G1a

G1b
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• NS5A RAVs important in G1 treatment-failure cirrhotics
• RBV, not  duration, overcomes effective NS5A RAVs on 

relapse



O005 Retreatment of patients who failed 8 or 12 
weeks of LDV/SOF-based regimens with 
LDV/SOF for 24 weeks

• Open-label study 
with GT1 patients 
(n=41) who relapsed 
following 8 or 12 
weeks of LDV/SOF 
± RBV in Phase 2/3 
studies

Lawitz E, et al. EASL 2015; Oral 005

LDV/SOF 24 Weeks 
N=41

Mean age, y (range) 58 (35-71)

Male, n (%) 34 (83)

Black/African American, n (%) 10 (24)

IL28B non-CC, n (%) 38 (93)

GT 1a, n (%) 34 (83)

Mean HCV RNA, log10 IU/mL (range) 6.2 (4.5-7.4)

Cirrhosis, n (%) 19 (46)

Presence of NS5A RAVs 15 (79)

Prior HCV treatment, n (%)

LDV/SOF ± RBV 33 (80)

LDV/SOF + GS-9669 8 (20)

Prior HCV treatment duration, n (%)

8 weeks 30 (73)

Presence of NS5A RAVs 19 (63)

12 weeks 11 (27)

Presence of NS5A RAVs 11 (100)



O005 SVR12 for retreatment with LDV/SOF for 24 
weeks

Safety
•Discontinuation due to AEs: 0
•Treatment-related SAEs: 0
•Deaths: 0

Lawitz E, et al. EASL 2015; Oral 005
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SVR12 in GT1 TE patients ± cirrhosis retreated with LDV/SOF ± RBV (N=41)

29/41 15/22 14/19 24/30 5/11 11/11 18/30

Prior treatment duration Baseline NS5A RAVs

Q30R or M28T L31M Y93H/N
5/5 (100%) 4/5 (80%) 2/6 (33%) 



O001 C-SALVAGE: GZR + EBR + RBV for chronic 
HCV GT1 infection after failure of DAA therapy
• Tx-experienced GT1 patients (n=79) who had failed triple therapy with 

PegIFN + RBV and earlier gen PIs treated with GZR + EBR + RBV for 12 weeks

• At entry, 30 (41%) of the 73 patients with available NS3 sequencing data harboured RAVs

Forns X, et al. EASL 2015; Oral 001

*Evaluable patients included 78/79 treated patients with available baseline NS3 population-sequencing data. †Reasons for non-virological failure were AEs/drug intolerance (n=12) and short-course therapy in clinical trial (n=1)

All treated patients 
(N=79)

Evaluable patients*

Baseline NS3 RAVs 
(N=34)

No baseline NS3 
RAVs (N=44)

Mean (median) age, years 54.4 (55) 53.9 (55.0) 54.6 (56.5)

Male gender, n(%) 46 (58.2) 21 (61.8) 24 (54.5)

HCV genotype, n(%)
GT1a
GT1b

30 (38.0)
49 (62.0)

23 (67.6)
11 (32.4)

7 (15.9)
37 (84.1)

Cirrhosis, n (%) 34 (43.0) 15 (44.1) 19 (43.2)

Prior DAA experience, n (%)
Boceprevir
Telaprevir
Simeprevir 

28 (35.4)
43 (54.4)
8 (10.1)

10 (29.4)
19 (55.9)
5 (14.7)

17 (38.6)
24 (54.5)
3 (6.8)

Past history of virological failure 66 (83.5) 32 (94.1) 33 (75.0)



O001 C-SALVAGE: Efficacy endpoints over time

Forns X, et al. EASL 2015; Oral 001
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3 relapses3 relapses

76/79



























Conclusions for patients who 
have developed RAVs
• Use another DAA class when re-Rx
• NUC - Sofosbuvir can/should be used 

again
• Protease inhibitors can be used after 1-

2 years
• NS5A inhibitors should probably not be 

used again in the short-term if high 
level NS5a RAVs



Thanks
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