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Background. Hepatitis C virus (HCV) infection can now be cured with well-tolerated direct-acting antiviral (DAA) therapy. 
However, a potential barrier to HCV elimination is the emergence of resistance-associated substitutions (RASs) that reduce the 
efficacy of antiviral drugs, but real-world studies assessing the clinical impact of RASs are limited. Here, an analysis of the impact 
of RASs on retreatment outcomes for different salvage regimens in patients nationally who failed first-line DAA therapy is reported.

Methods. We collected data from 363 Australian patients who failed first-line DAA therapy, including: age, sex, fibrosis stage, 
HCV genotype, NS3/NS5A/NS5B RASs, details of failed first-line regimen, subsequent salvage regimens, and treatment outcome.

Results. Of 240 patients who were initially retreated as per protocol, 210 (87.5%) achieved sustained virologic response (SVR) and 
30 (12.5%) relapsed or did not respond. The SVR rate for salvage regimens that included sofosbuvir/velpatasvir/voxilaprevir was 94.3% 
(n = 140), sofosbuvir/velpatasvir 75.0% (n = 52), elbasvir/grazoprevir 81.6% (n = 38), and glecaprevir/pibrentasvir 84.6% (n = 13). 
NS5A RASs were present in 71.0% (n = 210) of patients who achieved SVR and in 66.7% (n = 30) of patients who subsequently 
relapsed. NS3 RASs were detected in 20 patients (20%) in the SVR group and 1 patient in the relapse group. NS5B RASs were 
observed in only 3 patients. Cirrhosis was a predictor of relapse after retreatment, as was previous treatment with sofosbuvir/ 
velpatasvir.

Conclusions. In our cohort, the SVR rate for sofosbuvir/velpatasvir/voxilaprevir was higher than with other salvage regimens. The 
presence of NS5A, NS5B, or NS3 RASs did not appear to negatively influence retreatment outcomes.
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Hepatitis C virus (HCV) infection is one of the leading causes 
of liver cirrhosis and hepatocellular carcinoma. The 

development of interferon-free direct-acting antiviral (DAA) 
therapy has revolutionized HCV treatment with sustained viro
logic response (SVR) rates of >95% and improved uptake be
cause of oral therapy, shorter treatment duration, and fewer 
adverse effects [1]. In Australia, DAA therapy was listed on 
the Pharmaceutical Benefits Scheme in March 2016, with unre
stricted access and community prescribing. By the end of 2022, 
more than 105 000 people had initiated DAA therapy, 56% of 
the total number of people who were infected in 2015 [2].

A potential barrier to meeting World Health Organization 
elimination targets for hepatitis C [3] is the emergence of 
resistance-associated substitutions (RASs) in the virus genome. 
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The resulting change in amino acid sequence in viral proteins 
NS3, NS5A, or NS5B leads to reduced susceptibility to DAA 
therapy [4–6]. All modern DAA regimens include an NS5A in
hibitor, so NS5A RASs hold the most clinical significance be
cause they can reduce cure rates in previously untreated 
people with genotype 3 infection and/or cirrhosis [7]. 
Although the prevalence of RASs is low in untreated people, 
it increases in patients who fail initial DAA therapy because 
of selective pressure for antiviral resistance [6]. In clinical trials, 
the majority of people who fail first-line DAA treatment develop 
RASs in the virus [8, 9]. We have confirmed this previously in 
the real world, using data from Australia and the international 
SHARED consortium [10, 11]. In our large cohorts, although 
the background prevalence of NS5A RASs in untreated pa
tients is approximately 30%, in patients who fail treatment 
this increases to 70%–80% [10–12]. This increase in NS5A 
RASs is of particular concern as they have minimal effect on 
viral fitness and so may persist for months to years after 
DAA failure [13], providing potential for transmission of 
drug-resistant viruses [14–16].

For those who do not respond to first-line therapy, until re
cently there were few options available for retreatment. The 
presence of RASs in NS5A impairs response to retreatment 
with most first-line DAA regimens, so patients who fail treat
ment with these drugs the first time and develop resistance 
are even more likely to fail again [5]. Early guidelines relied 
on treatment history to choose drugs with a different spectrum 
of activity, guided by virus resistance testing where available 
[17]. Retreatment outcomes have improved dramatically since 
the availability of sofosbuvir/velpatasvir/voxilaprevir, a pan- 
genotypic regimen that targets 3 HCV proteins (NS3, NS5A, 
and NS5B). In the POLARIS clinical trials in the United 
States, this salvage regimen achieved SVR rates >95% in 
patients with prior DAA treatment failure across all HCV 
genotypes [18, 19]. In Australia, sofosbuvir/velpatasvir/ 
voxilaprevir was listed on the Pharmaceutical Benefits 
Scheme in April 2019 and has been another leap forward in 
hepatitis C treatment.

In line with most international guidelines [20, 21], current 
Australian guidelines recommend sofosbuvir/velpatasvir/ 
voxilaprevir for retreating patients with prior DAA failure, or 
even multiple treatment failures [22]. However, before 2019, 
nonresponders to first-line therapy were prescribed various 
off-label salvage combinations of existing DAA regimens 
including: sofosbuvir/velpatasvir, glecaprevir/pibrentasvir, 
sofosbuvir + daclatasvir, or paritaprevir/ritonavir/ombitasvir +  
dasabuvir (PrOD), often in combination with ribavirin [17, 23]. 
Each of these treatments had the potential to select for further 
RASs in patients who failed, leading to a more resistant virus 
and further retreatment failure [4–6].

In 2020, we published the largest study to date (n = 572) on 
the prevalence of RASs in people failing treatment with modern 

DAA regimens containing an NS5A inhibitor [10]. Of note, 
60% of the samples in that study were from people with HCV 
genotype 3, which is more difficult to treat and is relatively un
derrepresented in studies from the United States because of 
global variation in the genomic landscape of HCV [24]. In 
this study, we analyze the clinical effect of RASs on retreatment 
outcomes, using follow-up data for 363 patients in our cohort, 
240 of whom received further antiviral treatment for their hep
atitis C.

In Australia, several studies have examined baseline pretreat
ment HCV RASs [12, 25] but there are few data on RASs in pa
tients who fail first-line treatment and their response to 
subsequent salvage treatments. This study spans the period be
fore and after the introduction of sofosbuvir/velpatasvir/voxi
laprevir in Australia, providing a rare opportunity to examine 
and compare real-world data of different salvage regimens on 
a nationwide scale.

METHODS

Between 1 January 2017 and 30 June 2019, 572 people with de
tectable HCV RNA in their plasma, more than 12 weeks after 
completing DAA therapy, were referred to Westmead 
Hospital for HCV resistance testing, from more than 80 differ
ent treatment centers across Australia. Detailed protocols for 
HCV RNA extraction, amplification, and sequencing can be 
found in our previous report [10].

People in this cohort were followed up from June 2019 to 
June 2022. Clinical data were collected including age, sex, fibro
sis stage, HCV genotype, details of failed first-line regimen, and 
subsequent salvage regimens. Retreatment outcomes were ob
tained by contacting treatment referral centers to obtain en
crypted and deidentified data on retreatment, including 
salvage regimens used, completion date, and retreatment out
come (12-week SVR). A few patients were referred to 
Westmead Hospital again for repeat sequencing of HCV RASs.

Data analysis was performed using R, SankeyMATIC, and 
Microsoft Excel. Statistical analyses were performed using 
chi-square analysis as appropriate. P < .05 was considered stat
istically significant.

The protocol was approved by the Western Sydney Local 
Health District Human Research and Ethics Committee 
(LNR/17/WMEAD/484). This institutional ethics committee 
complies with the Declaration of Helsinki.

RESULTS

Retreatment Outcomes of Salvage Regimens

Between June 2019 and June 2022, we followed and obtained 
data on clinical outcomes for 363 patients who had been re
ferred to our center for HCV RNA sequencing after failing 
DAA therapy. Of these patients, 294 were retreated for their 
hepatitis C and 69 were not retreated. The current status of 
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these retreated patients is shown in Figure 1. Of the 294 retreat
ed patients, 240 (82%) completed retreatment, 4 (1.4%) did not 
complete initial retreatment, 3 (1.0%) were deceased, and 47 
(16%) were lost to follow up.

Per protocol, 210/240 patients (87.5%) successfully achieved 
SVR with initial salvage therapy. Thirty patients (12.5%) re
lapsed or did not respond to initial salvage treatment. Of these 
30, 17 patients (57%) received a second course of salvage treat
ment. Per protocol, 14/17 (82%) achieved SVR with the second 
retreatment, whereas 3 (18%) did not. By intention to treat, 
210/294 patients (71.4%) achieved SVR with initial salvage 
therapy and 30/294 (10.2%) were confirmed relapse or 
nonresponders.

The use of and response to various DAA salvage regimens is 
summarized in Figure 2A, with the proportion of patients who 
achieved SVR or relapsed with each regimen shown in 
Figure 2B and a comparison by DAA class in Figure 2C. 
Further details are available in Table 1.

The most prevalent salvage regimen was sofosbuvir/ 
velpatasvir/voxilaprevir ± ribavirin, with 140 patients retreated 
with this regimen and 132/140 achieving SVR (94.3%). With 
sofosbuvir/velpatasvir ± ribavirin, 39/52 (75.0%) achieved 
SVR. With elbasvir/grazoprevir-based regimens, 31/38 
(81.6%) achieved SVR. With glecaprevir/pibrentasvir-based 
regimens, 11/13 (84.6%) achieved SVR.

Retreatment with sofosbuvir/velpatasvir/voxilaprevir ± ri
bavirin was more likely to achieve SVR compared to sofosbu
vir/velpatasvir-based regimens, χ2 (1, N = 192) = 14.4773, 

P = .000142; elbasvir/grazoprevir-based regimens, χ2 (1, 
N = 178) = 6.2535, P = .012395; or all other regimens combined, 
χ2 (1, N = 243) = 13.42, P = .0002. There was no statistical signif
icance when comparing between other salvage regimens.

When comparing outcomes by DAA class, triple therapy 
with NS3 + NS5A + NS5B inhibitors was far more effective in 
achieving SVR compared to dual therapy with either NS5A +  
NS5B inhibitors, χ2 (1, N = 236) = 12.74, P = .00036; or NS3  
+ NS5A inhibitors, χ2 (1, N = 194) = 3.98, P = .046. There 
was no statistically significant difference between NS5A +  
NS5B and NS3 + NS5A regimens. For this analysis, the 
combination of PrOD was grouped with NS3 + NS5A inhibi
tors because dasabuvir is a nonnucleos(t)ide NS5B inhibitor 
with a low barrier to resistance. When PrOD was combined 
with sofosbuvir as a salvage therapy, it was grouped with 
NS3 + NS5A + NS5B.

The Impact of Adding Ribavirin on Retreatment Outcomes

Overall, the addition of ribavirin did not increase the SVR rate, 
but this varied according to DAA regimen. Adding ribavirin to 
elbasvir/grazoprevir + sofosbuvir increased the SVR rate from 
66.7% to 95% (P = .04). In contrast, adding ribavirin to either 
sofosbuvir/velpatasvir or sofosbuvir/velpatasvir/voxilaprevir 
did not increase SVR rates, which were in fact lower in the 
groups treated with ribavirin. This is most likely because of 
the higher rates of cirrhosis in patients prescribed ribavirin 
with these DAAs. A total of 79% of patients receiving sofosbu
vir/velpatasvir + ribavirin had cirrhosis, compared with 36% 

Total: 363

Retreated: 294

Not retreated: 69

SVR: 210

Relapse: 30

Did not complete: 4

Deceased: 3

Lost to follow up: 47

SVR total: 224

Relapse total: 3

Not retreated again: 13

Figure 1. Retreatment outcomes of 294 patients who had failed initial DAA treatment (June 2022). Absolute numbers shown. Abbreviations: DAA, direct-acting antiretroviral; 
SVR, sustained virologic response.
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Figure 2. Response to various DAA salvage regimens in patients who failed first-line DAA therapy, represented as (A) a flow diagram and as (B) the proportion of patients 
who achieved SVR. A, Absolute numbers shown. Other regimens include: ledipasvir/sofosbuvir; ombitasvir/paritaprevir/ritonavir + dasabuvir + sofosbuvir + ribavirin; sofos
buvir + daclatasvir + ribavirin; sofosbuvir + ribavirin. B, Statistical significance for retreatment outcome reported, P ≤ .05 (*), P ≤ .001 (***). Abbreviations: DAA, direct-acting 
antiretroviral; EBV, elbasvir; GLE, glecaprevir; GPV, grazoprevir; PIB, pibrentasvir; SOF, sofosbuvir; SVR, sustained virologic response; VEL, velpatasvir; VOX, voxilaprevir. + 
denotes with or without addition of ribavirin or another DAA. C, Response to various salvage regimens grouped by DAA class. Represented as the proportion of patients who 
achieved SVR, with absolute numbers shown. Statistical significance for retreatment outcome reported, *P ≤ .05, ***P ≤ .001.
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in the group not prescribed ribavirin, χ2 (1, N = 55) = 19.98, P  
= <.001. A similar trend was seen in patients receiving sofosbu
vir/velpatasvir/voxilaprevir; 50% of patients prescribed ribavi
rin had cirrhosis compared with 36% of those not prescribed 
ribavirin (P = .48, nonsignificant). There was no trend toward 
increased cirrhosis in patients prescribed elbasvir/grazoprevir  
+ sofosbuvir + ribavirin compared with those prescribed 
elbasvir/grazoprevir + sofosbuvir.

Sofosbuvir/Velpatasvir/Voxilaprevir is Less Effective in Patients Who 
Have Previously Failed Sofosbuvir/Velpatasvir

Although SVR rates were excellent for sofosbuvir/velpatasvir/ 
voxilaprevir overall (95%), there was an impact of previous 
treatment regimen. In patients who had previously failed treat
ment with sofosbuvir/velpatasvir, the SVR rate was 75% com
pared with 95% for other previous regimens, χ2 (1, N = 116) =  
8.49, P = <.01.

The Impact of HCV Genotype on Retreatment Outcomes

A comparison of retreatment outcomes between HCV geno
types 1 and 3 is shown in Figure 3. A total of 56/63 patients 
(88.9%) with HCV genotype 1a infection achieved SVR, where
as all 20 patients (100%) with genotype 1b achieved SVR. A 

total of 113/136 patients (83.1%) with genotype 3a and all 8/8 
patients (100%) with genotype 3b achieved SVR. Although 
there was a trend toward worse retreatment outcomes for peo
ple with genotype 3a infection, there was no statistically signifi
cant difference between HCV genotypes.

The Impact of Liver Fibrosis on Retreatment Outcomes

Retreatment outcomes for each liver fibrosis stage in patients 
with reported fibrosis scores are shown in Figure 4. Fibrosis 
scores were available for 197 patients based on transient elas
tography or liver biopsy. For patients with F1 liver fibrosis, 
66/71 (93.0%) achieved SVR with DAA salvage therapy. 
Twenty-six of 27 (96.3%) patients with F2 and 21/23 (91.3%) 
with F3 achieved SVR. In patients with liver cirrhosis (F4), 
60/76 achieved SVR (79.0%). There was a negative and 
statistically significant effect of cirrhosis (F4 vs F1) on retreat
ment outcomes, χ2 (1, N = 147) = 5.8844, P = .015276. 
Comparisons between other fibrosis stages were not statistically 
significant by chi-square with Yates correction.

The Impact of NS5A RASs on Retreatment Outcomes

For all patients, initial sequencing for HCV RASs was com
pleted after failing first-line DAA treatment before retreat
ment with salvage regimens. NS5A RASs were detected in 
149/210 (71.0%) patients who went on to achieve SVR 
and in 20/30 (66.7%) patients who subsequently relapsed. 
In the SVR group, 104 patients had an NS5A RAS at a sin
gle site, 37 had RASs at 2 sites, and 8 had RASs at 3 or 
more sites. In the relapse group, 16 had a RAS at a single 
site and 4 had RASs at 2 sites. A breakdown of the frequen
cy of detected NS5A RASs is available in Figure 5. RASs at 
residue Y93 remained the most common RAS in both 
groups.

The presence of NS5A RASs reduced SVR rates for patients 
treated with sofosbuvir/velpatasvir ± ribavirin. The SVR rate 
was 58.3% in those with NS5A RASs, compared with 85.7% 
in those without, χ2 (1, N = 52) = 4.924, P = <.05.

There was no effect of NS5A RASs on SVR rates for 
sofosbuvir/velpatasvir/voxilaprevir ± ribavirin, or elbasvir/ 
grazoprevir + sofosbuvir ± ribavirin. It was not possible to 
look for an effect with other retreatment regimens because of 
small patient numbers.

There was no single RAS that predicted worse retreatment 
outcomes. The presence of more than 1 RAS also did not pre
dict worse retreatment outcomes.

The Impact of NS3 and NS5B RASs on Retreatment Outcomes

NS3 RASs were detected in 20/210 (9.5%) of patients in the 
SVR group. These NS3 RASs include substitutions at residues 
V55, Y56, Q80, S122, R155, A156, D168, Q168, and I170. 
NS3 RASs were detected in 1 patient in the relapse group 
(T54S, A155K).

Table 1. Detailed Summary of Various DAA Salvage Regimens Used for 
Patients who Failed First-line DAA Therapy

Salvage Regimen SVR Relapse Total
SVR Rate 

(%)

Sofosbuvir/velpatasvir/voxilaprevir 125 6 131 95.42

Sofosbuvir/velpatasvir/voxilaprevir +  
ribavirin

7 2 9 77.78

Sofosbuvir/velpatasvir 28 7 35 80.00

Sofosbuvir/velpatasvir + ribavirin 11 6 17 64.71

Elbasvir/grazoprevir 6 1 7 85.71

Elbasvir/grazoprevir + ledipasvir/ 
sofosbuvir

0 1 1 …

Elbasvir/grazoprevir + sofosbuvir 6 3 9 66.67

Elbasvir/grazoprevir + sofosbuvir +  
ribavirin

19 1 20 95.00*

Elbasvir/grazoprevir + ribavirin 0 1 1 …

Glecaprevir/pibrentasvir 7 2 9 77.78

Glecaprevir/pibrentasvir + sofosbuvir 1 0 1 …

Glecaprevir/pibrentasvir + sofosbuvir  
+ ribavirin

3 0 3 100

Ledipasvir/sofosbuvir 5 1 6 83.33

Ombitasvir/paritaprevir/ritonavir +  
dasabuvir

1 0 1 …

Ombitasvir/paritaprevir/ritonavir +  
dasabuvir + sofosbuvir + ribavirin

1 0 1 …

Ombitasvir/paritaprevir/ritonavir +  
dasabuvir + ribavirin

1 0 1 …

Sofosbuvir/daclatasvir 0 1 1 …

Sofosbuvir/daclatasvir + ribavirin 2 0 2 100

Sofosbuvir + ribavirin 1 1 2 50.00

Absolute numbers shown. SVR rate was calculated for regimens where n > 1. Statistical 
significance for retreatment outcome when adding ribavirin reported, *P ≤ .001.  

Abbreviations: DAA, direct-acting antiretroviral; SVR, sustained virologic response.
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NS5B RASs were detected in 2 patients who went on to 
achieve SVR. These RASs included S282T and S556G. NS5B 
RASs (G558E, D559N) were detected in 1 patient who relapsed.

Although patient numbers were small, there was no apparent 
impact of NS3 or NS5B RASs on retreatment outcomes.

DISCUSSION

To achieve global elimination of hepatitis C, we need to under
stand the barriers to treatment success. One potential barrier is 

antiviral drug resistance, conferred by RASs in the HCV ge
nome. This is particularly a problem for people who fail first- 
line DAA therapy because we and others have shown high rates 
of RASs after DAA failure can hinder subsequent retreatment 
[8–12]. Clinical trials have shown high cure rates in people re
treated with sofosbuvir/velpatasvir/voxilaprevir [18, 19], but 
this combination is not available in all countries and there 
are relatively few data on retreatment outcomes in the real 
world. We previously published the largest real-world study 
of RAS prevalence among people failing a modern, interferon- 
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Figure 3. Proportion of patients who achieved SVR or relapsed with DAA retreatment for each HCV isolate genotype. Abbreviations: DAA, direct-acting antiretroviral; Gt, 
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free regimen DAA regimen [10]. This cohort of 572 people rep
resented approximately 20% of all those in Australia who failed 
DAA therapy between January 2017 and June 2019. In this 
follow-up study of 363 people (63% of the initial cohort), 294 
of whom (81%) were retreated for their hepatitis C, we com
pared different DAA salvage regimens because we captured a 
unique window spanning the period before and after the avail
ability of sofosbuvir/velpatasvir/voxilaprevir for salvage thera
py. Our cohort also contains a high proportion of people with 
genotype 3 infection, who are more difficult to treat with cur
rent DAAs and are typically underrepresented in other studies.

Among the 240 people for whom retreatment outcome data 
were available, 131 patients (55%) were treated with sofosbuvir/ 
velpatasvir/voxilaprevir, with an SVR rate of 95% across HCV 
genotypes 1, 2, 3, 4, and 6. This was slightly lower than the 
96%–98% SVR rate in the phase 3 POLARIS-1 and 
POLARIS-4 clinical trials of sofosbuvir/velpatasvir/voxilapre
vir [18, 19], but similar to other large real-world salvage studies 
from the United Kingdom (SVR 90%, n = 144), USA (91%, n =  
551), Spain (95%, n = 137), and Northern Italy (SVR 96%, n =  
179) [26–29].

The SVR rate among patients treated with sofosbuvir/velpa
tasvir/voxilaprevir (95%) was higher than for patients retreated 
with older DAA combinations. We confirmed that DAA combi
nations with 3 drug classes (NS3, NS5A, and NS5B inhibitors) 
gave higher SVR rates than 2-class combinations. The SVR 
rate was 75% for sofosbuvir/velpatasvir ±  ribavirin and 82% 
for elbasvir/grazoprevir-based regimens, although there was a 
large variation in the elbasvir/grazoprevir group (66.7%– 
95.0%), depending on which other DAAs were added. The 
most common combination was the 3-class combination of 

elbasvir (NS5A inhibitor)/grazoprevir (NS3 inhibitor) plus so
fosbuvir (NS5B inhibitor); adding ribavirin to this combination 
increased SVR rates from 67% (6/9) to 95% (19/20, P < .05), con
sistent with a previous study, which achieved SVR in 96% of pa
tients receiving this combination [30].

The main predictor of retreatment failure was liver cirrhosis, 
with an SVR rate of 79% compared with 93% for those with F1 
fibrosis (P < .05). Cirrhosis is a major prognostic factor for 
DAA treatment outcomes [31] and reduced SVR rates 
(81%–89%) even with sofosbuvir/velpatasvir/voxilaprevir re
treatment [26–29]. The relatively low prevalence of cirrhosis 
in our cohort (30%) explains the higher overall SVR rate 
(95%) with sofosbuvir/velpatasvir/voxilaprevir retreatment, 
compared with the 85% SVR reported in Australian patients 
enrolled in the sofosbuvir/velpatasvir/voxilaprevir compas
sionate access scheme, 78% of whom had cirrhosis [32].

Despite the high prevalence of genotype 3 infection (60%), 
we did not observe a significant impact of HCV genotype on 
retreatment outcomes. Previous studies have shown reduced 
SVR rates in patients with genotype 3 [26, 29], or genotype 
1a/genotype 3 infection [27], compared with other genotypes. 
Consistent with this, a Taiwanese study of sofosbuvir/ 
velpatasvir/voxilaprevir retreatment in people with mostly ge
notype 1b or genotype 2 infections reported a very high SVR 
rate of 97% [33]. We observed a trend toward reduced SVR 
with genotype 3a and to a lesser degree genotype 1a, but these 
did not reach statistical significance, as was the case in the US 
study that found SVR rates of 90.7% (429/473) for genotype 1 
and 91.3% (42/46) for genotype 3 [28].

We observed no benefit of adding ribavirin to sofosbuvir/ 
velpatasvir/voxilaprevir. This combination was used in only 9 
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patients, 2 of whom failed retreatment (SVR 78%). All 9 patients 
had genotype 3a infection and both retreatment failures had liver 
cirrhosis, likely explaining the trend toward reduced SVR rate, 
although the small sample size limits definite conclusions.

The presence of RASs impacted retreatment with some 
2-class DAA combinations, but not for 3-class combinations 
(containing NS3, NS5A, and NS5B inhibitors). For patients re
treated with sofosbuvir/velpatasvir, NS5A RASs reduced SVR 
rates from 86% to 58.3%, but they had no impact on elbasvir/ 
grazoprevir + sofosbuvir or sofosbuvir/velpatasvir/voxilapre
vir. Overall, there was a trend toward more frequent NS5A 
RASs in patients who went on to achieve SVR (71.0%) than 
in those who relapsed (66.7%); no particular RAS pattern influ
enced retreatment success. NS3 RASs were only observed in 21 
patients, 20 of whom achieved SVR and 1 who relapsed. NS5B 
RASs were detected in only 3 patients and did not correlate 
with outcomes. Our findings are consistent with previous re
ports that the presence of RASs had no impact on retreatment 
with sofosbuvir/velpatasvir/voxilaprevir [29, 34, 35], with no 
consistent RAS pattern in treatment failures [36].

Importantly, we observed reduced response to retreatment 
with sofosbuvir/velpatasvir/voxilaprevir in patients who had 
previously failed sofosbuvir/velpatasvir (SVR 75% compared 
with 95% for other regimens). This raises concerns for retreat
ing patients exposed to this common first-line regimen, partic
ularly those with genotype 3a infection and cirrhosis. One 
promising approach to retreat patients who fail sofosbuvir/ 
velpatasvir/voxilaprevir is the combination of glecaprevir/ 
pibrentasvir + sofosbuvir ± ribavirin. This combination has 
greater in vitro activity against virus containing the high-level 
Y93H RAS in NS5A and has shown promising results in a small 
number of patients [36, 37], although these need to be con
firmed in larger clinical trials.

In summary, the 3-class combination of sofosbuvir/ 
velpatasvir/voxilaprevir was superior for retreating DAA- 
experienced patients compared with other salvage regimens. 
The addition of ribavirin did not improve treatment outcomes, 
although it was beneficial in patients treated with older combi
nations based on elbasvir/grazoprevir. This is important be
cause it provides an alternative salvage regimen in settings 
where sofosbuvir/velpatasvir/voxilaprevir is not available. 
Liver cirrhosis was a negative prognostic factor for retreatment 
outcomes, as was prior treatment with sofosbuvir/velpatasvir. 
Although RASs in NS5A impacted retreatment with some 
DAA combinations, they appear to have minimal impact on 
salvage therapy with sofosbuvir/velpatasvir/voxilaprevir. 
Nonetheless it is important to monitor for increasing preva
lence and impact of RASs in the community, particularly 
among people in high-risk settings who fail multiple courses 
of DAA therapy and could potentially transmit drug-resistant 
viruses to others. Genotype 3a is a particular concern because 
of its reduced susceptibility to DAA therapy, the high 

prevalence of NS5A RASs, and a recent report of sofosbuvir re
sistance (S282T RAS in NS5B) circulating in Pakistan [38]. 
Indeed, it is possible to induce replication competent, multi
drug resistant virus in vitro [39], reinforcing the need for ongo
ing vigilance to maintain the efficacy of current treatments as 
we work toward global elimination of hepatitis C.
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