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Viral resistance to hepatitis C virus (HCV) direct-acting antivi-
ral (DAA) drugs has emerged as an important consideration 
to optimal DAA use during treatment of HCV infection. The 
replication dynamics of HCV in chronically infected humans 
combines a high rate of viral production with an error-prone 
RNA polymerase, providing a favorable setting for the emer-
gence and enrichment of viral nucleotide substitutions that 
confer resistance to specific drugs or drug classes, particu-
larly under drug selection pressure. Although, in theory, all 
resistance-associated substitutions (RASs) in all HCV proteins 
are generated daily in an infected individual,1 RASs that have 
clinical impact are much more limited. These limitations are 
determined by drug class, viral genotype, replication fitness 
conferred by the RAS, and patient characteristics such as 
prior HCV treatment and the 
presence of cirrhosis. 

Most data on the impact  
and selection of RASs con- 
cern HCV genotype 1 infec-
tion, and to a lesser extent, 
genotype 3 infection. Certain 
polymorphisms that confer  
resistance to some DAA drug 
classes are present with 
other HCV genotypes (eg, 
genotype 2). However, these 
polymorphisms have limited 
clinical impact and there is 
a lack of commercially avail- 
able diagnostic testing op-
tions. In HCV genotype 1 
infection, viral subtype plays 
an important role in the 
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prevalence of preexisting (baseline) nonstructural protein 
5A (NS5A) RASs and their clinical impact.2 

Of the major HCV antiviral drug classes, there is only com-
pelling evidence for the impact of NS5A inhibitor RASs on 
treatment outcome. The RASs impacting the NS5B nucleotide 
inhibitor sofosbuvir are not present in individuals who are not 
exposed to this drug, and these RASs emerge infrequently 
(in approximately 1%) in those whose therapy with this drug 
has failed.3,4 The signature NS5B mutation, S282T confers a 
modest level of resistance based on in vitro data (3×-10× 
fold-change in median effective concentration [EC50]) and is 
unfit for viral replication (replication fitness approximately 
8% of wild-type).3 However, clinically, S282T has not been 
shown to impact the efficacy of sofosbuvir. Thus, there is no 
current role for NS5B resistance testing in treatment-naive or 
-experienced individuals.

Clinically significant RASs to NS3 protease inhibitors (PIs) 
are also rare in the absence of prior drug exposure. Although 
much attention has been paid to the Q80K polymorphism 
in HCV genotype 1a, current evidence does not support a 
substantial effect of this variant on responses to treatment 
with simeprevir plus sofosbuvir at recommended durations, 
with the exception of treatment-experienced individuals with 
cirrhosis, for whom Q80K testing is recommended.5 Further, 
no impact is expected of the Q80K polymorphism on other 
NS3 inhibitors such as ritonavir-boosted paritaprevir and 

Table 1. Resistance-Associated Substitutions in the Hepatitis C Virus (HCV) Nonstructural 
Protein 5A (NS5A) Gene Associated With Resistance to NS5A Inhibitors, by Genotypea 

HCV Genotype

1a 1b 3

Resistance-
associated  
substitutions

K 24 E/R/N

M 28 A/T/G/V

Q 30 R/K/E/H/L/Y/G/T/D/I

L 31 M/V/F

H 54 R

H 58 D/P/R

E 62 D

Y 93 H/N/C/S/F/L

M/L 28 M/G/T

R 30 H

L 31 V/M/F/I

P 58 S

Y 93 H/N/C/S/R

A 30 K

L 31 I/F

Y 93 H

 aThe letter preceding the number is the wild-type amino acid; the number is the position on the gene; and the 
letter or letters after the position are the amino acid substitution(s) at that position that are associated with 
NS5A inhibitor resistance.
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provides a detailed assessment of RASs but, at the 1% thresh-
old, is too sensitive for optimal clinical decision making. 
Population (or Sanger) sequencing generates an average se-
quence for a viral population. Substitutions must be present 
in a substantial proportion of viral sequences to be identi-
fied, generally, 15% to 25% of the viral population. The risk 
with this approach is that, in theory, clinically significant mi-
nority RASs may be missed.

In studies in which a 1% UDS threshold was compared 
with either population sequencing or with a 10% to 15% UDS 
threshold, better discrimination between clinically significant 
and insignificant baseline NS5A RASs was obtained with 
population sequencing and a 10% to 15% threshold UDS ap-
proach.10,14 Data from a comprehensive study of baseline 
RASs in individuals treated with coformulated (indicated 
with a /) ledipasvir/sofosbuvir indicated that the difference 
between 10% and 15% UDS cutoffs was minimal.15 Com-
mercially available HCV resistance tests in the United States 
utilize a population sequencing assay (Quest Diagnostics, 
Madison, New Jersey) or a UDS assay with substitutions called 
at the 10% level (LabCorp/Monogram Biosciences, South San 
Francisco, California). Currently, such testing is only available 
for HCV genotypes 1a, 1b, and 3. 

Considerations for Resistance Testing for NS5A 
Inhibitor Treatment–Naive Individuals With HCV 
Genotype 1 Infection 

For individuals with HCV genotype 1 infection who have 
not been exposed to an NS5A inhibitor, NS5A RAS testing 

grazoprevir. NS3 RASs emerge in approximately 50% (range, 
25%-78%) of cases of virologic failure of a PI-containing regi-
men,6,7 with the most prominent variants at positions 155, 
156, and 168. The R155K variant is only observed in genotype 
1a HCV and does not impact the activity of grazoprevir.8 By 
contrast, variants of D168 and A156 are the most clinically 
relevant, as they emerge with relative frequency, impact the 
activity of all currently available HCV PIs, and are observed in 
both genotype 1a and 1b infections. Fortunately, most vari- 
ants at these positions display poor replicative fitness in vitro 
and are lost rapidly following removal of drug selective pres-
sure.6,7 It is not known if previously selected variants can still 
impact subsequent therapy once they are no longer detect-
able by sequencing. 

RASs in NS5A are the most important clinically. The 
major RASs are depicted in Table 1. General characteristics 
of NS5A RASs are outlined in the Box. Substantial cross-
resistance among currently available NS5A inhibitors is also 
notable. RASs at key positions (28, 30, 31, and 93) in HCV 
genotype 1a result in broad cross-resistance to early genera-
tion NS5A inhibitors. Exceptions include the lack of impact of 
the L31M RAS on ombitasvir and of the M28V RAS on elbas-
vir or ledipasvir.8-10 Although velpatasvir is less impacted by 
these NS5A RASs, Y93H/N RASs in genotype 1a still confer 
high levels of resistance to this drug.11 The investigational 
next-generation NS5A inhibitors pibrentasvir (ABT-530) 
and ruzasvir (MK-8408), which are anticipated to become 
available in the next year, retain activity against all of the key 
single-position NS5A RASs in HCV genotypes 1a and 1b and, 
therefore, may retain activity despite resistance to current 
NS5A inhibitors.12,13 

Nomenclature and Identification of Resistance

The prevalence and clinical impact of RASs correlate with 
how RASs are defined and the sequencing methods used to 
detect them within RNA quasispecies. In order of decreasing 
prevalence, the RASs studied for NS5A are: 1) NS5A inhibitor 
resistance–associated polymorphisms, defined as any varia-
tion from the consensus sequence at all positions associated 
with resistance to any NS5A inhibitor (a specific amino acid 
change does not necessarily impact the in vitro activity of 
any NS5A inhibitor); 2) NS5A inhibitor class RASs, defined 
as amino acid variants at all positions associated with resis-
tance to any NS5A inhibitor that confer in vitro resistance 
to at least 1 NS5A inhibitor; and 3) NS5A drug-specific RASs, 
defined as amino acid variants that impact the activity in 
vitro of a specific drug. The threshold for considering the im-
pact of RASs on a specific drug varies based on the in vitro 
fold-change in EC50 and ranges from 2× to 20× or even 
100× fold-change in EC50 (see Table 2).  

Assays vary in their threshold for detecting NS5A RASs. 
Ultradeep sequencing (UDS, or next-generation sequencing) 
allows the detection of RNA substitutions present in 1% of 
the viral population (subject to the input RNA and number of 
reads obtained). This technique is often used in research sup-
porting clinical drug–development programs. This approach  

Box. Characteristics of Nonstructural Protein 5A (NS5A) 
Resistance-Associated Substitutions (RASs)

• Baseline (ie, prior to drug exposure) NS5A RASs are rela-
tively prevalent (13% prevalence in genotype 1a infec-
tion,15 18% prevalence in genotype 1b infection,15 and 
12%-17% prevalence in genotype 3 infection11,22). 

• The clinical impact of baseline NS5A RASs varies by 
hepatitis C virus (HCV) genotype and subtype, with the 
largest impact in genotype 1a and 3 infections.  

• Key NS5A RASs by genotype are: 
- Genotype 1a. M28A/T/V, Q30E/H/K/R, L31M/V,  

   and Y93C/H/N 
- Genotype 1b. L31I/M/V and Y93H
- Genotype 3. A30K and Y93H 

• Patient characteristics, including the presence of cirrho-
sis and prior HCV treatment (non-NS5A inhibitor based), 
increase clinical impact of NS5A RASs.

•  Following failed NS5A-based treatment, the majority of 
individuals have HCV with NS5A RASs (75%-90%).4,6,7

•  NS5A RASs persist in most individuals for more than 2 
years.6,24

•  The impact of NS5A RAS is relative and can often be 
overcome by increasing the length of therapy and/or by 
adding ribavirin.18
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is generally only indicated in those with genotype 1a before 
treatment with elbasvir/grazoprevir and is a consideration 
for those with genotype 1a who will receive a ledipasvir/so-
fosbuvir–based regimen and have cirrhosis or whose prior 
treatment (non–NS5A inhibitor based) failed (see Table 3). 

Baseline NS5A resistance to elbasvir (RASs conferring >5-
fold reduced susceptibility) is infrequent, occurring in 5% 
of individuals tested with population-level sequencing.14 
However, when elbasvir RASs were present, sustained viro-
logic response 12 weeks after cessation of treatment (SVR12)  
decreased to 58%, compared with 98% in those without elbas-
vir RASs. Thus, NS5A testing is recommended for individuals 
infected with HCV genotype 1a considering treatment with 
elbasvir/grazoprevir. If elbasvir RASs are identified, therapy 
with elbasvir/grazoprevir should be extended to 16 weeks 
and weight-based ribavirin should be added, or an alterna-
tive regimen should be selected if available.16,17 This guidance 
is extrapolated from data on individuals with HCV genotype 
1a infection and prior nonresponse to treatment who were 
treated with 16 or 18 weeks of elbasvir/grazoprevir, 100% of 
whom attained an SVR12 regardless of the presence of elbas-
vir RASs. Elbasvir RASs for genotype 1a are M/L28T/A/G, Q/
R30E/H/R/G/K/L/D, L31M/V/F, H58D, and Y93C/H/N/S. 

NS5A RAS testing may be considered for individuals with 
genotype 1a infection who plan to take ledipasvir/sofosbuvir 
and have cirrhosis or are treatment experienced (see Table 3), 
as RASs may impact the duration of therapy and the need for 
addition of ribavirin. For treatment-experienced individuals, 
the presence of baseline RASs with greater than 100-fold 
reduced susceptibility to ledipasvir was associated with an 
SVR12 of 64.7% with 12 weeks of treatment with ledipasvir/
sofosbuvir, compared with an SVR12 of 97.4% for those 
with no NS5A RASs and 100% for those with RASs confer-
ring less than 100-fold reduced susceptibility to ledipasvir.18 
Extending treatment with ledipasvir/sofosbuvir to 24 weeks 
or adding ribavirin to a 12-week course of ledipasvir/

sofosbuvir mitigated the effect of baseline NS5A RASs. Simi-
larly, individuals with cirrhosis, genotype 1a infection, and 
ledipasvir RASs with greater than 100-fold reduced suscepti-
bility had a decreased SVR12 of 92% if treatment naive and 
SVR12 of 67% if treatment experienced.18 Adding ribavirin or 
extending treatment with ledipasvir/sofosbuvir to 24 weeks 
mitigated the impact of NS5A RASs. In contrast, data from 
registrational trials of sofosbuvir/velpatasvir have not demon-
strated an impact of baseline NS5A RASs on HCV cure rate in 
individuals with HCV genotype 1 infection, including in those 
who experienced a prior treatment failure (non–NS5A inhibi-
tor based) or those with cirrhosis. Thus, NS5A RAS testing 
is not recommended before use of sofosbuvir/velpatasvir in 
these populations.19 

Considerations for Resistance Testing for NS5A 
Inhibitor Treatment–Naive Individuals With HCV 
Genotype 3 Infection

Genotype 3 HCV infection is the second most prevalent 
HCV infection globally, and highly efficacious DAA therapy 
(>95% SVR) remains elusive in some populations such as 
those with cirrhosis or prior treatment experience. Recom-
mended regimens for individuals with genotype 3 infection 
include sofosbuvir plus daclatasvir and sofosbuvir/velpatasvir. 
Data on the impact of baseline NS5A RASs on the outcome of 
NS5A inhibitor–containing therapy are limited. Further, clear 
data on appropriate therapeutic modifications to mitigate the 
impact of baseline RASs do not exist. The NS5A RAS of most 
clinical importance in HCV genotype 3 is Y93H, which confers 
a high level of resistance to daclatasvir and to velpatasvir.19,20 
The prevalence of the Y93H RAS is 5% to 10% for individu-
als with HCV genotype 3 infection and no prior exposure to 
NS5A inhibitors.21 In the case of virologic failure following ex-
posure to an NS5A inhibitor, the Y93H RAS emerges in the 
vast majority of individuals with HCV genotype 3 infection. 

Table 2. Fold-Changes in EC50 for Select Resistance-Associated Substitutions for HCV Drugs, by Genotypea  

HCV Drug Fold-Change

RASs in HCV Genotype 1a RASs in HCV Genotype 1b

M28T Q30R L31M L31V Y93H Y93N L31V Y93H Y93N

Daclatasvir >100× >1000× >100× >1000× >1000× >10,000× <10× 20× 50×

Elbasvir 20× >100× >10× >100× >1000× >1000× <10× >100× NA

Ledipasvir 20× >100× >100× >100× >1000× >10,000× >20× >100× NA

Ombitasvir >1000× >100× <3× >100× >10,000× >10,000× <10× 20× 50×

Pibrentasvir <3× <3× <3× <3× <10× <10× <3× <3× <3×

Ruzasvir <10× <10× <10× <10× <10× <10× <10× <10× <10×

Velpatasvir <10× <3× 20× 50× >100× >1000× <10× <3× NA

Abbreviations: EC50, median effective concentration; HCV, hepatitis C virus; NA, data not available; RAS, resistance-associated substitution. 
 aRASs highlighted in red are more likely to confer a clinical impact due to the high fold-change. RASs highlighted in orange have an intermediate impact 
on efficacy. RASs highlighted in shades of green are not likely to have a clinically significant impact. 
 bInvestigational drug.
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Daclatasvir Plus Sofosbuvir 

The impact of baseline NS5A RASs on treatment with dacla-
tasvir plus sofosbuvir for individuals with HCV genotype 3 
infection was suggested by results from the ALLY-3 study.22 
The SVR12 among participants treated with daclatasvir plus 
sofosbuvir (without ribavirin) was 92% in those without base-
line NS5A RASs and 54% in those with baseline NS5A RASs. 
The presence of cirrhosis also impacted the response to this 
regimen. However, given the small number of participants 
with both cirrhosis and baseline NS5A RASs (n = 4; SVR12 
of 25%), the relative contribution of each is difficult to dis-
cern. An SVR12 of 67% was observed in participants without 
cirrhosis but with the Y93H RAS. The addition of ribavirin 
improved SVR12 in participants with cirrhosis to 86% (12-16 
weeks of therapy).23 

Given these data, the presence of NS5A RASs may im-
pact therapeutic approaches for treatment-naive persons 
with cirrhosis or treatment-experienced persons without cir-
rhosis, and baseline NS5A RAS testing is recommended for 
these populations. Identification of the Y93H variant should 
prompt the addition of ribavirin in the absence of absolute 
contraindications. Twelve weeks of therapy with daclatasvir 
plus sofosbuvir is recommended for individuals without cir-
rhosis, and 24 weeks of therapy is recommended for those 
with cirrhosis, given the suboptimal response of 86% with 12 
to 16 weeks of daclatasvir plus sofosbuvir with ribavirin. The 
role of RAS testing for treatment-naive individuals with HCV 
genotype 3 infection without cirrhosis is unclear.

Sofosbuvir/Velpatasvir

Velpatasvir has an improved resistance profile compared 
with early generation NS5A inhibitors, although the Y93H 
variant in HCV genotype 3 infection still confers a high level 
of resistance (>100×EC50) to velpatasvir.11 In the ASTRAL-3 
study, which evaluated 12 weeks of treatment with sofosbu-
vir/velpatasvir, SVR12 was 88% (28/32) in participants with 
baseline velpatasvir-specific RASs (A30H/K, L31F/M, and 
Y93H), compared with 97% in those without NS5a RASs. Of 

the 4 participants whose treatment failed, 3 had the Y93H 
RAS and 1 had the A30K RAS before treatment. The overall 
SVR12 rate was 84% (21/25) for participants with a baseline 
Y93H RAS (1% cutoff used with identification of 1 additional 
Y93H RAS). Given the lower SVR12 (89%) in treatment-ex-
perienced individuals with cirrhosis than in treatment-naive 
individuals without cirrhosis (97%), the addition of ribavirin 
is recommended a priori for those with both treatment ex-
perience and cirrhosis.16 Therefore, resistance testing is not 
advised for this population, as it would not change the recom-
mended treatment. 

However, resistance testing should be considered for 
treatment-experienced individuals without cirrhosis and 
treatment-naive individuals with cirrhosis. Ribavirin should 
be added if the Y93H RAS is detected, or therapy can be ex-
tended to 24 weeks if ribavirin cannot be added. 

RAS Testing at Time of Failure of NS5A Inhibitor–
Based Treatment

Cure rates with NS5A inhibitor–based regimens are remark-
ably high. However, when NS5A inhibitor–based treatment 
fails, NS5A RASs frequently emerge. More than 90% of in-
dividuals have NS5A resistance mutations at the time of 
failure of treatment with ledipasvir-, elbasvir-, or ombitasvir- 
containing therapies. Such mutations may persist for years (86%  
were still detectable 96 weeks after the failure of ledipasvir- 
containing treatment24). Therefore, NS5A resistance testing is 
recommended at the time of failure of NS5A inhibitor–based 
treatment and still may be useful months to years afterward, 
given the persistence of NS5A RASs. Current guidance also 
recommends HCV NS3 PI resistance testing to inform treat-
ment options for individuals pursuing retreatment,16 with 
particular attention to the Q80K mutation, which impacts 
response to simeprevir in those with cirrhosis.25 Given that 
HCV NS3 PI RASs wane more quickly than NS5A RASs,7 it 
may be advisable to obtain NS3 PI RAS testing at the time of 
treatment failure even if retreatment is not planned, to docu-
ment the presence of PI mutations that could impact future 

Table 3. Recommendations for NS5A RAS Testing by Regimen and Clinical Characteristics (Treatment Experience and Cirrhosis)

HCV Genotype 1a HCV Genotype 1b HCV Genotype 3

TN TEa TN TEa TN TEa

HCV Regimen NC C NC C NC C NC C NC C NC C

Elbasvir/grazoprevir b + + + + − − − − NA NA NA NA

Ledipasvir/sofosbuvir b − +/− +/− +/− − − − − NA NA NA NA

Paritaprevir/ritonavir/ombitasvir b plus 
dasabuvir

− − − − − − − − NA NA NA NA

Sofosbuvir plus daclatasvir − − − − − − − − − + + −

Sofosbuvir/velpatasvir b − − − − − − − − − + + −
Abbreviations: +, resistance testing recommended; +/-, resistance testing may be considered; -, resistance testing not recommended; C, cirrhosis; HCV, 
hepatitis C virus; NA, not applicable; NC, no cirrhosis; NS5A, nonstructural protein 5A; RAS, resistance-associated substitution; 
 aWith peginterferon alfa–based regimen; excludes prior NS5A-containing regimens.
 bSlash indicates a coformulation.
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PI-containing treatment. NS3 PI RAS testing for sofosbuvir 
is not recommended, as sofosbuvir-associated RASs are rare 
and, generally, have not impacted the efficacy of subsequent 
sofosbuvir use. 

Retreatment After Failure of an NS5A Inhibitor–
Based Regimen

Timing and options for retreatment after failure of an NS5A 
inhibitor–based regimen are challenging, given the limited 
options and data supporting retreatment. Guidance currently 
suggests deferring HCV treatment for individuals without cir-
rhosis and when there is not another indication for urgent 
retreatment,16 in anticipation of the availability of better re-
treatment options currently in development. For individuals 
who are retreated with currently available regimens, tailor-
ing retreatment based on results of NS5A and NS3 resistance 
testing is recommended as follows: if no NS5A RASs are pres-
ent, treat with sofosbuvir plus an NS5A inhibitor (ledipasvir 
or velpatasvir) plus ribavirin for 24 weeks; if NS5A RASs are 
present but no NS3 PI RASs (specifically Q80K) are present, 
treat with simeprevir plus sofosbuvir plus ribavirin for 24 
weeks; and if NS5A and NS3 RASs are present, defer therapy 
or consider a clinical trial or a regimen as outlined below. 

Retreatment After Failure of an NS5A Inhibitor–
Based Regimen: Tailoring to the NS5A RAS Profile 

Ledipasvir/Sofosbuvir 

Several studies have examined retreatment with ledipasvir/
sofosbuvir after failure of an NS5A inhibitor–based regimen. 
Among individuals whose treatment with 8 to 12 weeks of 
ledipasvir/sofosbuvir failed, efficacy of retreatment with 
ledipasvir/sofosbuvir for 24 weeks (without ribavirin) was im-
pacted by the presence of NS5A RASs.26 SVR12 was 100% if 
no NS5A RASs were present and 60% if they were present. 
The presence of 2 or more RASs was associated with a 50% 
SVR12, and the presence of Y93H/N RASs was associated 
with a 33% SVR12. 

The addition of ribavirin may mitigate the impact of NS5A 
RASs. Among 9 HIV/HCV-coinfected individuals whose treat-
ment with 12 weeks of ledipasvir/sofosbuvir failed, 7 of 9 had 
ledipasvir RASs at the time of treatment failure, including 4 
with Y93H/N RASs, and 8 of 9 attained an SVR12 with 24 
weeks of treatment with ledipasvir/sofosbuvir plus ribavi-
rin.27 The single treatment failure occurred in an individual 
who had an L31M RAS before retreatment. Based on the lim-
ited data available, ledipasvir/sofosbuvir plus ribavirin for 24 
weeks may be considered for retreatment after failure of an 
NS5A inhibitor–containing regimen, but is not recommended 
if ledipasvir RASs are present.

Sofosbuvir/Velpatasvir 

In a single-arm study of individuals treated with 4 to 12  
weeks of sofosbuvir/velpatasvir or sofosbuvir/velpatasvir plus 
the investigational HCV PI GS-9857 during phase II studies,  

retreatment with 24 weeks of sofosbuvir/velpatasvir plus 
weight-based ribavirin led to a 91% SVR (59/65).28 Individuals 
with HCV genotype 1, 2, or 3 infection were included. Pre-
treatment NS5A RASs (detected using a 1% UDS cutoff) were 
present in 18% of individuals with genotype 1 infection, 62% 
of those with genotype 2 infection, and 81% of those with geno-
type 3 infection. The presence of NS5A RASs did not impact 
SVR in participants with genotype 1 (33/34; SVR12, 97%) or 
2 (13/14; SVR12, 91%). Among 13 participants with genotype 
3 infection, 11 (85%) had the Y93H NS5A RAS, and 9 (82%) 
attained an SVR12. These results indicate that the presence 
of the Y93H RAS may reduce HCV cure rates among indi-
viduals with genotype 3 infection retreated with sofosbuvir/
velpatasvir. However, the majority of participants in this study 
with genotype 3 infection and the Y93H RAS were cured. 
Individuals with HCV genotype 3 infection in whom NS5A 
inhibitor–based treatment has failed remain a population for 
whom improved retreatment options are needed. 

Simeprevir Plus Sofosbuvir 

Simeprevir plus sofosbuvir has been studied in treatment-
experienced (with peginterferon alfa–based regimens) indi- 
viduals with cirrhosis and led to a 79% SVR12.25 Data on 
simeprevir plus sofosbuvir for individuals experienced with 
NS5A inhibitor–based treatments are limited. 

In a small observational study, 14 of 16 participants with 
HCV genotype 1 infection attained SVR12 with 12 weeks of 
retreatment with simeprevir plus sofosbuvir after failure of a 
prior daclatasvir-based regimen (most included peginterferon 
alfa); 13 of 16 participants had NS5A RASs, and 8 of 16 par-
ticipants had NS3 RASs (2 with Q80K).19 Of the 2 participants 
whose retreatment with simeprevir plus sofosbuvir failed, 1 
had the Q80K RAS and 1 had the R155K RAS (which confers 
a high level of resistance to simeprevir). Of note, simeprevir 
plus sofosbuvir was only given for 12 weeks and without riba-
virin. Current guidelines recommend 24 weeks of therapy 
with simeprevir plus sofosbuvir plus ribavirin for individuals 
whose prior treatment with an NS5A inhibitor failed, to op-
timize treatment success in this hard-to-treat population for 
whom options are limited.16 Testing for the NS3 PI mutation 
Q80K is recommended before simeprevir use in individuals 
with HCV genotype 1a infection only in the presence of cir-
rhosis, due to reduced response when Q80K is present (74%) 
versus when it is absent (92%). 

3- and 4-Class Combination Therapies for Retreatment 

Retreatment with elbasvir/grazoprevir plus sofosbuvir and 
ribavirin led to a 100% SVR in 25 individuals whose prior 
treatment with elbasvir/grazoprevir plus sofosbuvir for 4 to 8 
weeks failed; 52% had elbasvir RASs before retreatment (15% 
cutoff), which did not impact SVR12, nor did the presence 
of NS3 PI RASs.29 Therapy with paritaprevir/ritonavir/ombi-
tasvir plus dasabuvir plus sofosbuvir (and ribavirin for those 
with genotype 1a infection) led to a similarly strong SVR rate 
of 95% in 22 individuals with HCV genotype 1a infection re-
treated after failure of a variety of regimens. Of 20 individuals 
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with genotype 1a infection, 16 (80%) had NS5A RASs before 
retreatment and 19 (95%) attained an SVR12; 2 of 2 (100%) 
individuals with genotype 1b infection attained an SVR. Of 
note, 13 of 14 individuals with the HCV PI Q80K mutation 
also attained an SVR.30 

The high SVR rates achieved with these combination 
therapies despite the presence of baseline NS5A resistance 
are encouraging. However, combining drugs from different 
classes made by different pharmaceutical manufacturers cre-
ates additional barriers to treatment access and increases cost. 
Triple-class combination regimens currently in development 
may be more accessible if provided as coformulations from 
the same manufacturer. 

Future Therapies for Retreatment After Failure of 
an NS5A Inhibitor–Based Regimen

Investigational, ribavirin-free combination therapies have 
shown tremendous promise for retreatment after failure of 
an NS5A inhibitor–based regimen,31-33 regardless of whether 
NS5A resistance preexists. In a study of 44 DAA treatment– 
experienced individuals without cirrhosis (50% NS5A ex-
perienced, 84% PI experienced), the combination of the 
investigational NS3 inhibitor glecaprevir and the investiga-
tional NS5A inhibitor pibrentasvir yielded a 100% SVR in 
those without NS5A RASs and 83% to 96% SVR12 in those 
with NS5A resistance with 12 and 16 weeks of treatment, re-
spectively. There was a high cure rate even in the presence of 
NS5A resistance, including 100% SVR in those with the NS5A 
RASs Y93H/N).31 

The multiclass combination of sofosbuvir, velpatasvir, and 
the investigational NS3 inhibitor voxilaprevir given for 12 
weeks without ribavirin led to cure in 96% of HCV-infected 
individuals (all genotypes) who had a prior NS5A treatment 
failure.32 Seventy-nine percent of individuals had NS5A re-
sistance before retreatment, and 96% attained an SVR. The 
presence of NS3 and NS5B RASs did not impact SVR. Six 
virologic failures occurred, all of which were among individu-
als with cirrhosis. 

Similarly, treatment with the multiclass combination of 
grazoprevir, the investigational NS5A inhibitor ruzasvir, and 
the investigational NS5B polymerase inhibitor uprifosbuvir 
given for 16 weeks with ribavirin or for 24 weeks without  
ribavirin led to a 100% SVR4 in individuals with HCV geno- 
type 1 infection whose prior NS5A inhibitor–containing regi- 
mens failed; 84% had NS5A RASs and 65% had NS3 RASs at 
baseline.33 Collectively, these data suggest that ribavirin-free 
combination therapies in development should be highly effec-
tive for most individuals whose prior NS5A inhibitor–based 
regimen failed, regardless of the presence of preexisting 
NS5A, NS5B, or NS3 RASs. 

When Resistance Testing Is Not Available

In the scenarios outlined above, RAS testing may help guide 
treatment choices. However, RAS testing is not recommended 
for the majority of individuals initiating HCV treatment. 

Further, a lack of RAS testing should not be a barrier to HCV 
treatment. Practitioners may not have access to RAS testing 
because of a lack of insurance coverage or limited access in 
their practice setting. In the absence of RAS testing, an effec-
tive DAA regimen can almost always be constructed using 
the patient’s clinical history and the expected efficacy of the 
available regimens

Summary

When available, NS5A resistance can have important clinical 
implications for treatment-naive and -experienced individuals 
with HCV infection. NS5A resistance testing is recommended 
for individuals who have not received prior NS5A inhibitor–
based treatment if treatment with elbasvir/grazoprevir is 
planned (for those with genotype 1a infection), if treatment 
with ledipasvir/sofosbuvir is planned (only for those with geno-
type 1a infection and cirrhosis or a prior treatment failure), 
and in the case of genotype 3 infection in the presence of 
cirrhosis or a prior treatment failure. NS5A resistance testing 
is also recommended for all individuals whose prior NS5A 
inhibitor–based treatment failed. 

Future HCV treatments combining next-generation anti-
viral drugs that have improved resistance profiles, in some 
cases from as many as 3 different drug classes, are effective 
even in the setting of previous DAA-based treatment failure 
with drug resistance. Although additional data are needed, 
such regimens may obviate the need for resistance testing in 
most situations. 
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