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ABSTRACT 

Background & Aims: We report data from two similarly designed studies that 

evaluated the efficacy, safety, and optimal duration of ledipasvir/sofosbuvir 

(LDV/SOF) ± ribavirin (RBV) for retreatment of chronic hepatitis C virus (HCV) in 

individuals who failed to achieve sustained virologic response (SVR) with prior SOF-

based, non-NS5A inhibitor-containing regimens. 

Methods: The RESCUE study enrolled HCV mono-infected adults with genotype 1 

or 4. Non-cirrhotic participants were randomized to 12 weeks of LDV/SOF or 

LDV/SOF+RBV. Compensated cirrhotic participants were randomized to 

LDV/SOF+RBV (12 weeks) or LDV/SOF (24 weeks). The AIDS Clinical Trials Group 

A5348 study randomized genotype 1 adults with HCV/HIV co-infection to 

LDV/SOF+RBV (12 weeks) or LDV/SOF (24 weeks). Both studies used SVR at 12 

weeks post-treatment (SVR12) as the primary endpoint. 

Results: In the RESCUE study, 82 participants were randomized and treated, and 

all completed treatment. Overall, SVR12 was 88% (72/82); 81-100% in non-cirrhotic 

participants treated with LDV/SOF or LDV/SOF+RBV for 12 weeks and 80-92% in 

cirrhotic participants treated with LDV/SOF+RBV for 12 weeks or LDV/SOF for 24 

weeks. Adverse events (AEs), mostly mild-to-moderate in severity, were experienced 

by 78% of participants, with headache and fatigue most frequently reported. One 
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serious AE, not related to treatment, was observed. No premature discontinuations 

of study drug, or deaths occurred. In the A5348 study, 7 participants were 

randomized (cirrhotic n=1; GT1a n=5) and all attained SVR12, with no serious AEs 

or premature discontinuations. 

Conclusions: In this SOF-experienced NS5A inhibitor-naïve population, which 

included participants with cirrhosis or HCV/HIV co-infection, high SVR12 rates were 

achieved. 

Keywords: Ledipasvir; Sofosbuvir; HCV; HIV; Treatment-experienced. 

Key points: 

 
 
  

 Two similarly designed studies evaluated the optimal ledipasvir/sofosbuvir-

containing treatment regimens for the retreatment of HCV 

 All patients had failed previous non-NS5A sofosbuvir-based therapy and 

difficult-to-treat patients, such as those with cirrhosis and/or co-infected 

with HIV, were included 

 The highest SVR12 rates were obtained with 12 weeks of 

ledipasvir/sofosbuvir + ribavirin in non-cirrhotic participants and 24 weeks 

of ledipasvir/sofosbuvir in cirrhotic individuals 

 Ledipasvir/sofosbuvir remains an important therapeutic option for the 

treatment of HCV even in SOF-based treatment-experienced patients and 

those coinfected with HIV 
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Introduction 

The fixed-dose combination therapy of ledipasvir/sofosbuvir (LDV/SOF) for the 

treatment of hepatitis C virus (HCV) combines inhibitors of NS5A (LDV) and NS5B 

polymerase (SOF). There is evidence to suggest that individuals who failed to 

achieve a sustained virologic response (SVR) after prior treatment with SOF + 

ribavirin (RBV) ± peginterferon (PEG) may respond well to LDV/SOF combination 

therapy. The ELECTRON-2 study included 19 participants with genotype (GT) 1 

HCV who relapsed after SOF+RBV-based therapy.1 Following a 12-week treatment 

regimen with LDV/SOF+RBV, all participants achieved SVR at week 12 post-

treatment (SVR12; Gilead Sciences, data on file). Similar high SVR rates have been 

observed in other small retreatment studies.2,3 The ION-4 study evaluated LDV/SOF 

for 12 weeks in 335 participants co-infected with HIV.4 Relapsers from the ION-4 

study were eligible for retreatment with LDV/SOF+RBV for 24 weeks and 8 out of 9 

achieved SVR12.5 However, retreatment rescue regimens for HCV-mono-infected 

and co-infected individuals have not been standardized. 

There are limited data on the retreatment of individuals who have failed simeprevir 

(SMV) + SOF treatment. Individuals who failed to respond to SMV+SOF regimens 

may respond to LDV/SOF due to the different mechanisms of action of SMV and 

LDV, the retained activity of SOF even after failed SOF-based therapies, and the 

extremely rare development of NS5B resistance-associated substitutions (RAS).2,3 

Two small studies have reported overall SVR rates of 85-96% in participants who, 

having previously failed treatment with SMV+SOF±RBV, were retreated with 

LDV/SOF±RBV for up to 24 weeks.6,7 

Based on the rationale outlined above, LDV/SOF±RBV for 12-24 weeks is 

recommended for the treatment of individuals in whom a previous SOF+RBV±PEG 
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regimen has failed.8 Additional data are needed to more fully evaluate LDV/SOF 

regimens for retreatment of HCV in NS5A inhibitor-naïve individuals including those 

who are co-infected with HIV and failed to achieve SVR with prior SOF-based 

therapy. 

We report SVR12 data from two prospective randomized studies (RESCUE [GS-US-

337-1746] and A5348). These studies evaluated efficacy, safety, and optimal 

duration of LDV/SOF±RBV for the treatment of GT1 or 4 HCV-mono and HCV/HIV 

co-infected participants with prior virologic failure after SMV+SOF±RBV or 

SOF+RBV±PEG regimens. 

Patients and Methods 

Study participants 

Both the RESCUE and A5348 studies enrolled chronic GT1 HCV-infected adults 

(≥18 years) with or without compensated cirrhosis. Presence of cirrhosis was 

determined by liver biopsy, transient elastography, or measurement of hepatic 

fibrosis (see online supplementary appendix for details). The RESCUE study also 

enrolled GT4 HCV-infected participants (up to 5% of population). All participants had 

prior virologic failure (specifically relapse) after treatment with a SOF-based regimen 

(SMV+SOF±RBV or SOF+RBV±PEG). Individuals who had received prior therapy 

with an NS5A inhibitor or any nucleoside or nucleotide polymerase inhibitors other 

than SOF were excluded from both studies. In the A5348 study, only individuals co-

infected with HIV who had previously failed treatment with SMV+SOF±RBV or 

SOF+RBV±PEG were eligible. Conditions of permitted antiretroviral therapy (ART) 

and detailed inclusion/exclusion criteria for the two studies are presented in the 

online supplementary appendix. 
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Study design and treatment 

The RESCUE study was a phase IIIb randomized, multicenter, open-label study in 

the USA and Canada (NCT02600351). Participants were enrolled based on cirrhosis 

status. Non-cirrhotic participants were randomized to receive either LDV/SOF or 

LDV/SOF+RBV for 12 weeks. Participants with compensated cirrhosis were 

randomized to receive either LDV/SOF+RBV for 12 weeks or LDV/SOF for 24 

weeks. Participants received LDV/SOF as a fixed-dose, once-daily tablet (Harvoni®, 

Gilead Sciences Inc., Foster City, CA, USA) containing LDV(90 mg)/SOF(400 mg). 

Weight-based RBV (1,000 mg/day if <75 kg or 1,200 mg/day if ≥75 kg) was 

administered in a divided dose, twice-daily. An interactive web response system was 

used to manage participant randomization and treatment assignment. 

Randomization was stratified by prior regimen and genotype. 

A5348 was a phase II randomized, open-label study conducted in the USA 

(NCT02605304), which randomized participants 1:1 to receive LDV/SOF+RBV for 12 

weeks or LDV/SOF only for 24 weeks. Randomization was stratified by cirrhosis 

status. The study was randomized due to clinical equipoise and not with the intent to 

compare treatment arms. 

In both studies, dose reductions for RBV could be performed according to product 

label or investigator discretion. RBV could be permanently discontinued due to 

adverse events (AEs) without stopping LDV/SOF. 

Study assessments 

A detailed overview of the assessments performed in each study is presented in the 

online supplementary appendix (Tables S1 and S2). 
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In both studies, HCV RNA was measured using the COBAS® AmpliPrep/COBAS® 

TaqMan® HCV Quantitative Test, version 2.0 (Roche Diagnostics, Rotkreuz, 

Switzerland). 

To evaluate for the presence of RAS, samples for HCV RNA sequencing were 

collected in the RESCUE study at baseline/day 1 and every visit thereafter. In the 

A5348 study, samples were collected at study entry and at the time of HCV virologic 

failure confirmation. 

For A5348, on-study HIV-1 RNA testing was performed at a central laboratory using 

Abbott RealTime HIV-1 assay (Abbott Laboratories, Lake Bluff, IL, USA). In the 

event of confirmed HIV-1 virologic failure (HIV-1 viral load ≥200 copies), a plasma 

specimen was obtained and analyzed for drug resistance. 

Endpoints 

In both studies, the primary efficacy endpoint was SVR12 (HCV RNA <lower limit of 

quantification [LLOQ] at 12 weeks post-treatment). HCV RNA <LLOQ at 4 weeks 

post-treatment (SVR4) was a secondary efficacy endpoint. 

Exploratory endpoints included prevalence of pre-existing RAS at baseline, and 

emergence of RAS upon virologic failure (viral breakthrough or relapse). RAS were 

evaluated using deep-sequencing at a 15% cut-off both at baseline and at the time of 

virologic failure. In the RESCUE study, NS3/4A, NS5A, and NS5B RAS were 

monitored, whereas, in the A5348 study, only NS5A RAS were monitored. Detailed 

lists of investigated RAS can be found in the online supplementary appendix (Table 

S3). 

In the RESCUE study, the primary safety endpoint was the proportion of participants 

who discontinued study treatment due to an AE. An additional secondary efficacy 
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endpoint was the proportion of participants with virologic failure. Sequencing analysis 

was performed to differentiate between relapse and reinfection as the cause of 

virologic failure. 

In the A5348 study, the primary safety endpoint was any AE of Grade 3 or higher or 

serious AE (SAE) while on-study treatment and up to 30 days post-treatment, or an 

AE that required permanent discontinuation of study treatment. Creatinine and 

creatinine clearance was monitored and suspected renal toxicity (development of 

≥Grade 2 renal dysfunction or development of new or worsened proteinuria or 

glucosuria) was a secondary safety endpoint. Additional secondary safety endpoints 

included HIV-1 RNA >50 copies/mL and change in CD4+ cell count from baseline. 

Oversight of studies 

Both studies were approved by the institutional review board or independent ethics 

committee at each participating site (see online supplementary appendix for list of 

sites and committees). The A5348 study was monitored by an independent AIDS 

Clinical Trials Group (ACTG) Study Monitoring Committee. The studies conformed to 

Good Clinical Practice guidelines and Declaration of Helsinki Principles. All 

participants provided written informed consent. 

Statistical analyses 

Due to active retreatment of SOF-based regimen failures, a declining pool of eligible 

participants resulted in both studies closing early with a lower number of participants 

enrolled than initially planned. The RESCUE study was designed to enroll 430 

participants (180 non-cirrhotics; 250 with cirrhosis). However, 87 participants were 

randomized and 82 received at least one dose of study drug. The A5348 study was 

designed to randomize 40 participants (20 per arm), but ultimately 7 participants 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

were enrolled. Due to the lower than anticipated numbers of participants and early 

study closures, the studies were not statistically powered as originally planned. 

The primary efficacy analyses for the RESCUE study were conducted in the full 

analysis set (as-randomized population), which included all participants who took at 

least one dose of study drug. Four participants were randomized erroneously to the 

wrong treatment groups based on an incorrect assessment of baseline cirrhosis 

status (n=3) or lack of RBV dispensing by the local pharmacy (n=1). These 

participants were reassigned to the treatment groups as shown in Figure 1A. Due to 

these randomization errors, analyses were also performed in the as-treated analysis 

set (as-treated population), which included participants who met the eligibility criteria 

and initiated study treatment. In the A5348 study, all 7 participants received study 

treatment and were included in the efficacy endpoint analyses. In both studies, the 

primary safety analysis set included all participants who took at least one dose of 

study drug (safety population). AEs were mapped according to MedDRA Version 

19.1. Laboratory abnormalities were graded using either the Gilead Sciences Inc. 

Grading Scale for Severity of Adverse Events and Laboratory Abnormalities (version 

01, April 2015; RESCUE) or the Division of AIDS Table for Grading the Severity of 

Adult and Pediatric Adverse Events (version 2.0, November 2014; A5348). 

In both studies, the SVR12 rate (primary endpoint) was summarized by treatment 

groups and for the RESCUE study by treatments according to subgroup analyses. 

The 2-sided 95% exact confidence interval of SVR12 was calculated using the 

Clopper-Pearson method. No statistical hypothesis testing was performed. 
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RESULTS 

RESCUE study results 

Baseline characteristics and disposition 

The RESCUE study was conducted at 39 centers in the USA and Canada and 

enrolled 87 GT1 or GT4 HCV-positive adults between November 2015 and June 

2016. Five participants discontinued prior to study drug initiation due to site 

administrative issues. Of the remaining 82 participants, 4 were reassigned treatment 

groups due to randomization errors (Figure 1A). Overall, 16 non-cirrhotic participants 

received LDV/SOF for 12 weeks and 17 received LDV/SOF+RBV for 12 weeks. Of 

the 49 participants with cirrhosis, 25 received LDV/SOF+RBV for 12 weeks and 24 

received LDV/SOF for 24 weeks. All participants completed study treatment. 

Baseline demographics and treatment characteristics for the as-treated population 

were generally well balanced across treatment arms (Table 1). The study population 

(n=82) was 74% male, 70% white, with a mean age of 59 years. Overall, 60% of 

participants had cirrhosis, 89% had GT1 infection (GT1a=66%), and 95% had an 

IL28B non-CC genotype. Thirty-seven percent of participants had previously 

received treatment with SMV+SOF±RBV and 63% with SOF+RBV±PEG. 

Concomitant proton pump inhibitor (PPI) administration was recorded in 22 subjects 

(27%) from across all treatment groups during the study. 

Efficacy 

The overall SVR12 rate was 88% (72/82 participants). In non-cirrhotic and cirrhotic 

participants, the rates were 91% and 86%, respectively (as-treated population) 

(Table 2). All the non-cirrhotic participants treated with LDV/SOF+RBV for 12 weeks 
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achieved SVR12. The SVR12 rate for non-cirrhotic participants who received 

LDV/SOF for 12 weeks was 81% (Figure 2). In cirrhotic participants, the SVR12 

rates were 80% and 92% in the LDV/SOF+RBV for 12 weeks and LDV/SOF for 24 

weeks treatment groups, respectively. For HCV GT1a participants, SVR12 rates 

ranged from 69% (cirrhotic participants LDV/SOF+RBV 12 weeks) to 100% (non-

cirrhotic participants LDV/SOF+RBV 12 weeks). Only 1/17 participants with GT1b 

failed to achieve SVR12. This individual had cirrhosis and was treated with LDV/SOF 

for 24 weeks. Two participants with GT1 but no confirmed subtype; both achieved 

SVR12, as did all GT4 participants (Table 2). The SVR12 rates for the as-

randomized population ranged from 81-94% (online supplementary appendix Table 

S4). Of the 22 participants who received PPI therapy during the study, 91% (20/22) 

achieved SVR12 compared with 87% of participants (52/60) who did not receive 

PPIs. Prior treatment regimens did not influence the proportion of non-cirrhotic 

participants with GT1 achieving SVR12 with LDV/SOF or LDV/SOF+RBV for 12 

weeks (Figure 3). In cirrhotic participants, a higher proportion achieved SVR12 with 

LDV/SOF+RBV for 12 weeks if they had received SOF+RBV±PEG previously 

compared with SMV+SOF (93% versus 64%, respectively). 

A post-hoc analysis of relevant baseline data for all study participants revealed that 

6, who were originally diagnosed with compensated cirrhosis, most likely had 

decompensated disease at time of enrollment or historically. Five of these 

participants were treated with LDV/SOF for 24 weeks and 1 received 12 weeks of 

LDV/SOF+RBV. All 6 individuals achieved SVR12. 

No participants experienced on-treatment virologic failure. Ten participants 

experienced relapse resulting in virologic failure (3 non-cirrhotic participants and 7 
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cirrhotic participants; Table 2). The majority were GT1a (9/10) and all were male; 6 

had received SMV+SOF-based regimens previously (Table 3). 

Virology 

Twelve of the 82 participants (15%) had baseline NS5A RAS using a 15% sensitivity 

threshold. All but 1 of the 12 participants with NS5A RAS had received 

SOF+RBV±PEG previously (11/52, 21.2%) compared with SMV+SOF (1/30, 3.3%). 

Ten of 12 (83%) achieved SVR12, as compared to 62/70 (88%) participants with no 

NS5A RAS at baseline. The 2 participants who experienced virologic failure with pre-

existing NS5A RAS (one with GT1a received LDV/SOF for 12 weeks and one with 

GT1b received LDV/SOF for 24 weeks) had NS5A-L31M at baseline. Another 

individual with L31M at baseline achieved SRV12. Five participants had baseline 

NS5B nucleoside inhibitor RAS, but S282T was not detected. All 5 participants with 

NS5B RAS achieved SVR12. Forty-three participants (52%) had baseline NS3/4A 

Class RAS: 26/36 (72%) who were previously treated with NS3 protease inhibitors, 

and 17/46 (37%) who never received NS3 protease inhibitors. The presence of NS3 

RAS at baseline did not impact the treatment outcome: SVR12 rates were 86% and 

90% for participants with or without baseline NS3 RAS, respectively. 

Sequencing confirmed the virologic failures were due to relapse. NS5A RAS were 

observed post-treatment in the 10 participants who relapsed. Eight of 9 participants 

with GT1a infection had an emergent substitution at position 30 and three had a 

substitution at position 93 (Table 3). The individual with GT1b who experienced 

virologic failure had emergent Y93H at relapse. No NS5B nucleoside inhibitor RAS 

were observed in any participant at virologic failure. 
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Safety 

Overall, 78% of participants experienced an AE, with 57% considered treatment-

related. One treatment-unrelated serious AE (upper gastrointestinal hemorrhage) 

occurred in an individual with cirrhosis who received LDV/SOF for 24 weeks. There 

were no LDV/SOF or RBV discontinuations due to AEs, or deaths during the study 

(Table 4). The proportion of participants (non-cirrhotics and cirrhotics) experiencing 

AEs was similar in both study arms that received LDV/SOF for either 12 or 24 weeks 

(69% and 71%, respectively). Headache and fatigue were the most common AEs. 

The incidence of AEs was higher in the participants who received RBV in addition to 

LDV/SOF (86% versus 70% for LDV/SOF alone). Fatigue, insomnia, or rash were 

reported approximately twice as often by participants who received LDV/SOF+RBV 

compared with LDV/SOF only. Six participants experienced a Grade 3 AE; 2 

received LDV/SOF for 12 weeks (headache and migraine), 2 received 

LDV/SOF+RBV for 12 weeks (increased blood bilirubin and syncope), and 2 

received LDV/SOF for 24 weeks (upper gastrointestinal hemorrhage due to portal 

hypertensive gastropathy and arthralgia). Grade 3 laboratory abnormalities included: 

anemia (n=5), low platelets (n=2), blood clotting anomalies (n=1), hyperglycemia 

(n=1), lipase elevation (n=1), and hyperbilirubinemia (n=1). Grade 4 laboratory 

abnormalities were observed in 1 individual at one time point only (high aspartate 

aminotransferase and creatine kinase elevation at week 2). Hemoglobin levels of 

<10 g/dL occurred in 3 participants (4%; all had cirrhosis) and 2 participants with 

cirrhosis recorded a Grade 3 low platelet count (Table 4). 
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A5348 study results 

Baseline characteristics and disposition 

The A5348 study was conducted from February 2016 to March 2017 at 3 sites in the 

USA. Overall, 7 GT1 adults with HCV/HIV co-infection with controlled HIV were 

randomized to receive either LDV/SOF+RBV for 12 weeks (n=4) or LDV/SOF for 24 

weeks (n=3) (Figure 1B). Five participants (71%) were male, 4 (57%) were white, 

and the mean age was 55 years. Five were GT1a (71%), 1 participant (14%) was 

cirrhotic, and 6/7 (86%) were IL28B non-CC (Table 1). All participants were on HIV 

ART with HIV RNA <50 copies/mL. The median CD4+ cell count was 528 cells/mm3 

(quartile [Q]1, Q3: 341, 628). 

Efficacy and virology 

All participants in both treatment arms achieved SVR4 and SVR12 (Figure 2 and 

Table 2). There were no LDV-specific RAS detected at baseline. 

HIV outcomes 

No participants experienced an increase in HIV RNA to >50 copies/mL post-entry or 

had detectable HIV viremia during the study. The median change in CD4+ cell count 

from baseline to week 12 was -28 cells/mm3 (Q1, Q3: -102, 196). 

Safety 

There were no SAEs or deaths. No AEs occurred that required permanent 

discontinuation of study treatment. Two participants experienced a Grade 3 

laboratory abnormality: increased direct bilirubin and decreased creatinine 

clearance. No Grade 4 laboratory abnormalities occurred. Two participants met the 

suspected renal toxicity endpoint definition. Both had creatinine clearance events of 
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≥Grade 2 which were ongoing from study entry. Both participants were receiving 

ART; one was taking Atripla and one was on ritonavir-boosted darunavir and 

dolutegravir. One of the participants had an increase in creatinine clearance to 

Grade 3 and had urinalysis protein of 1+ at the treatment completion visit. 

Discussion 

There is an ongoing need to understand appropriate retreatment options for HCV-

infected individuals who fail non-NS5A inhibitor-containing, SOF-based regimens. In 

the SOF-experienced, NS5A inhibitor-naïve populations reported here, overall 

SVR12 rates with LDV/SOF±RBV retreatment for 12 or 24 weeks were high (88% 

and 100% for RESCUE and A5348 studies, respectively). The LDV/SOF±RBV 

combination regimens were well-tolerated; no participants discontinued due to AEs 

or died, and only 1 serious AE was observed. Recorded AEs were similar to reports 

from previous LDV/SOF±RBV studies.9-12 

Retreatment options for HIV-co-infected individuals may be impacted by potential 

HCV/HIV drug-drug interactions.13 Therefore, the high SVR rates (100%) and good 

tolerability observed in co-infected participants is encouraging. Although the sample 

size in the HCV/HIV co-infected population studied was small, these data should 

reassure physicians regarding the potential use of LDV/SOF±RBV in this population. 

It is also encouraging that high SVR rates were obtained in cirrhotic participants, 

given that these individuals are at a considerably higher risk of death and 

complications versus non-cirrhotic individuals.14-16 Overall, our findings suggest that 

the highest SVR12 rates were obtained with 12 weeks of LDV/SOF+RBV in non-

cirrhotic participants and by extending the duration of LDV/SOF treatment to 24 

weeks in cirrhotic individuals. Prior treatment regimens had no effect on response to 
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LDV/SOF in non-cirrhotic participants; the response rate was numerically lower for 

cirrhotic participants previously treated with SMV. 

Although NS5A and NS5B RAS were observed at baseline in some RESCUE 

participants, these substitutions did not have an impact on-treatment outcome. Ten 

participants (12%) did not attain SVR12 and 5/10 did not achieve SVR4, all due to 

virologic relapse. Nine of the 10 treatment failures were GT1a. Similarly, in the 

POLARIS-1 and -4 studies, among subjects treated with 12-week 

sofosbuvir/velpatasvir/voxilaprevir, 2/7 relapsers were GT1 and both GT1a. In the 

POLARIS-4 control arm with 12-week sofosbuvir/velpatasvir, 6/14 relapsers were 

GT1, 5/6 were GT1a and one GT1b.17 Consequently, among GT1 subjects being 

retreated with a DAA, there does appear to be a trend for subtype 1a to be more 

frequently associated with treatment failure than subtype 1b. Further studies are 

required to confirm this observation. Two of the relapsed participants had confirmed 

NS5A RAS at baseline, however, all 10 had emergent mutations at position 30 

and/or 93. The NS5A RAS observed in these studies have previously been attributed 

to reduced efficacy of LDV in vitro and detected at treatment failure in phase III 

studies.11,18,19 No emergent NS5B RAS were observed in any of the relapsed 

participants. 

The high SVR rates we observed in SOF-experienced, NS5A inhibitor-naïve 

participants with GT1 or 4 across the treatment arms (80-100%) are generally 

aligned with those observed with LDV/SOF-based retreatment in small pilot studies. 

Two such studies examined LDV/SOF regimens in participants with prior virologic 

failure with SOF+RBV±PEG. An SVR12 of 100% was observed following LDV/SOF 

for 12 weeks in participants who previously failed to achieve SVR with 24 weeks of 

SOF+RBV (n=14)2 and 98% SVR12 was achieved with LDV/SOF+RBV for 12 weeks 
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in participants in whom prior treatment with SOF+RBV+PEG or SOF+RBV had failed 

(n=45).3 Data on retreatment of SMV+SOF failures are more limited. Interim data 

from one study in participants who failed 12 weeks of SMV+SOF±RBV therapy 

indicated reasonable response rates to 12-24 weeks of LDV/SOF±RBV, with 85% of 

participants (11/13) achieving SVR12.6 A retrospective cohort study reported 96% of 

participants (25/26) who had failed prior therapy with SMV+SOF±RBV achieved 

SVR12 with LDV/SOF±RBV for up to 24 weeks.7 It has been suggested that PPI use 

can negatively affect SVR12 rates achieved with LDV/SOF.20 In this study, PPIs had 

no impact on SVR agreeing with a recent real-world study that found no significant 

association between PPI use and treatment outcome in patients (n=1,979) treated 

with LDV/SOF.21 

The POLARIS-4 study examined a fixed-dose combination of 3 pan-genotypic drugs 

(SOF, velpatasvir [VEL], and voxilaprevir [VOX]), targeting different pathways 

(NS5B, NS5A, and NS3/4A, respectively) for the retreatment of individuals who had 

failed prior non-NS5A containing direct-acting antiviral agent (DAA) regimens.22 

Twelve weeks of therapy with this triple combination led to SVR rates of 97% (76/78) 

in GT1 and 100% (19/19) in GT4 HCV-infected participants. In the control arm of the 

study, retreatment with SOF/VEL for 12 weeks resulted in SVR rates of 91% in GT1 

participants. This triple regimen may become a preferred salvage therapy for DAA-

experienced individuals (especially those individuals with a prior NS5A failure) and 

for certain patient groups. Nevertheless, the LDV/SOF±RBV regimen is likely to 

remain of interest in access-limited settings (such as countries where SOF/VEL/VOX 

will not be commercially available or the timeline for approval is prolonged), in 

patients with liver disease where protease inhibitors may be undesirable, and in 

individuals on concomitant medications (such as certain HIV antiretrovirals) who may 
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experience drug-drug interactions with an HCV protease inhibitor. A notable finding 

of our study was that 6 participants who were later identified as having probable 

decompensated cirrhosis all achieved SVR12. The SOLAR studies reported SVR 

rates of 84–85% with 12 weeks of LDV/SOF+RBV and 88–90% with 24 weeks of 

LDV/SOF+RBV in subjects infected with HCV GT1 or GT4 with decompensated 

cirrhosis; 75% of the 329 subjects enrolled had failure to previous treatment.23,24 

Similar SVR rates were observed in a real-world study involving similar GT1 

patients.25 

In conclusion, in SOF-experienced NS5A inhibitor-naïve participants infected with 

HCV GT1 or GT4, high SVR12 rates were achieved with LDV/SOF±RBV retreatment 

for 12 or 24 weeks, including in HCV/HIV co-infected individuals. 
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FIGURE 1. Participant disposition in (A) the RESCUE study and (B) the A5348 

study. 

LDV, ledipasvir; RBV, ribavirin; SOF, sofosbuvir. 

*Four participants were reassigned treatment groups due to incorrect assessment of 

baseline cirrhosis status (n=3) or lack of RBV dispensing by the local pharmacy 

(n=1).  

 

FIGURE 2. Proportion of participants achieving SVR12 in the RESCUE study (as-

treated population) and A5348 study (as-randomized population). 

Error bars represent 95% confidence intervals. 

LDV, ledipasvir; RBV, ribavirin; SOF, sofosbuvir; SVR12, sustained virologic 

response at 12 weeks post-treatment. 

 

FIGURE 3. RESCUE SVR12 by prior treatment regimen in non-cirrhotic and cirrhotic 

participants (as-treated population). 
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LDV, ledipasvir; PEG, pegylated interferon; RBV, ribavirin; SMV, simeprevir; SOF, 

sofosbuvir; SVR12, sustained virologic response at 12 weeks post-treatment. 

 
 

TABLE 1. Baseline demographic characteristics of participants from the RESCUE study (as-

treated population) and A5348 study (as-randomized population). 

 RESCUE study A5348 study 

 Non-cirrhotic  Cirrhotic HCV/HIV 

Characteristic 

LDV/SOF 

for 12 

weeks 

(n=16) 

LDV/SOF + 

RBV for 12 

weeks 

(n=17) 

LDV/SOF + 

RBV for 12 

weeks 

(n=25) 

LDV/SOF 

for 24 

weeks 

(n=24) 

LDV/SOF + 

RBV for 12 

weeks 

(n=4) 

LDV/SOF 

for 24 

weeks 

(n=3) 

Age, years, mean (min, max) 58 (48, 65) 57 (40, 64) 58 (40, 71) 60 (51, 67) 53 (48, 61) 57 (49, 65) 

Male sex, n (%) 10 (63) 13 (76) 19 (76) 19 (79) 4 (100) 1 (33) 

Race, n (%)       

White 10 (63) 11 (65) 17 (68) 19 (79) 3 (75) 1 (33) 

Black 6 (38) 5 (29) 6 (24) 3 (13) 1 (25) 2 (67) 

Hispanic ethnicity, n (%) 2 (13) 3 (18) 4 (16) 7 (29) 2 (50) 1 (33) 

BMI, kg/m2, mean (min, 

max)  

30 (21, 48) 31 (20, 39) 31 (24, 50) 32 (19, 47) 25 (19, 31) 31 (23, 36) 

HCV genotype*, n (%)       

1a 14 (88) 11 (65) 16 (64) 13 (54) 2 (50) 3 (100) 

1b 1 (6) 4 (24) 5 (20) 7 (29) 2 (50) 0 

4 1 (6) 2 (12) 3 (12) 3 (13) NA NA 
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HCV RNA       

log10 IU/mL, mean (min, 

max),  

6.5 (5.6, 

7.2) 

6.4 (5.6, 

7.2) 

6.1 (4.3, 

7.0) 

6.0 (3.0, 

6.9) 

6.2 (5.6, 

6.7) 

7.1 (6.7, 

7.5) 

≥800,000 IU/mL, n (%) 15 (94) 13 (76) 18 (72) 16 (67) 3 (75) 3 (100) 

Compensated cirrhosis,  

n (%) 

0 0 25 (100) 24 (100) 1 (25) 0 

IL28B genotype, n (%)       

CC 1 (6) 2 (12) 0 1 (4) 0 1 (33) 

CT 12 (75) 11 (65) 16 (64) 17 (71) 2 (50) 2 (67) 

TT 3 (19) 4 (24) 9 (36) 6 (25) 2 (50) 0 

Previous HCV treatment,  

n (%) 

      

SMV+SOF 6 (38) 4 (24) 11 (44) 9 (38) 0 0 

SMV+SOF+RBV 0 0 0 0 0 0 

SOF+RBV 4 (25) 5 (29) 3 (12) 6 (25) 2 (50) 1 (33) 

SOF+RBV+PEG 6 (38) 8 (47) 11 (44) 9 (38) 2 (50) 2 (67) 

HIV positive, n (%) 0 0 0 0 4 (100) 3 (100) 

On antiretroviral 

therapy**, n (%) 

NA NA NA NA 4 (100) 3 (100) 

HIV RNA <50 copies/mL, 

n (%) 

NA NA NA NA 4 (100) 3 (100) 
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CD4+ cell count, 

cells/mm3, median (Q1, 

Q3) 

NA NA NA NA 564 

(435, 614) 

387 

(200–1150) 

BMI, body mass index; HCV, hepatitis C virus; HIV, human immunodeficiency virus; LDV, 

ledipasvir; NA, not applicable; PEG, pegylated interferon; Q, quartile; RBV, ribavirin; SMV, 

simeprevir; SOF, sofosbuvir. 

*Two cirrhotic participants had no confirmed GT1 subtype (LDV/SOF 24 weeks, n=1; 

LDV/SOF+RBV 12 weeks, n=1). 

**Antiretroviral therapies included: Atripla (n=2), ritonavir-boosted darunavir and 

dolutegravir (n=1), Triumeq (n=1), Truvada and dolutegravir (n=1), and Truvada and 

ritonavir-boosted darunavir (n=2). 
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TABLE 2. Response following treatment in the RESCUE study (as-treated population) and 

A5348 study (as-randomized population). 

 RESCUE study A5348 study 

 Non-cirrhotic  Cirrhotic HCV/HIV 

Response* 

LDV/SOF 

for 12 

weeks 

(n=16) 

LDV/SOF + 

RBV for 12 

weeks 

(n=17) 

LDV/SOF + 

RBV for 12 

weeks 

(n=25) 

LDV/SOF 

for 24 

weeks 

(n=24) 

LDV/SOF + 

RBV for 12 

weeks (n=4) 

LDV/SOF 

for 24 

weeks (n=3) 

HCV RNA <LLOQ        

SVR4 15 (94) 17 (100) 22 (88) 23 (96) 4 (100) 3 (100) 

SVR12 13 (81) 17 (100) 20 (80) 22 (92) 4 (100) 3 (100) 

95% CI for SVR12 54–96 81–100 59–93 73–99 40–100 29–100 

SVR12 in GT1a 11/14 (79) 11/11 (100) 11/16 (69) 12/13 (92) 2/2 (100) 3/3 (100) 

SVR12 in GT1b 1/1 (100) 4/4 (100) 5/5 (100) 6/7 (86) 2/2 (100) 0 

SVR12 in GT4 1/1 (100) 2/2 (100) 3/3 (100) 3/3 (100) NA NA 

Virologic failure       

On-treatment viral 

breakthrough 

0 0 0 0 0 0 

Relapse 3 (19) 0 5 (20) 2 (8) 0 0 

CI, confidence interval; GT, genotype; HCV, hepatitis C virus; LDV, ledipasvir; LLOQ, lower 

limit of quantification; NA, not applicable; RBV, ribavirin; SOF, sofosbuvir; SVRn, sustained 

virologic response at n weeks post-treatment. 

*All values are n (%) unless stated otherwise. 
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TABLE 3. Selected baseline characteristics of participants who had virologic failure due 

to relapse in the RESCUE study. 

HCV 

genotype 

Age 

(years) Gender Race Cirrhosis 

Prior HCV 

treatment 

(weeks) 

Week 

post-

treatment 

of virologic 

failure 

NS5A RASs  

(15% cut-off) 

Baseline Relapse 

1a 59 Male Black Yes SOF+PEG+RBV 

(12) 

4 None Q30E 

1a 50 Male White No SOF+PEG+RBV 

(12) 

4 L31M L31M 

Q30R 

1a 61 Male White No IFN (unknown) 

SOF+PEG+RBV 

(12) 

12 None Q30Q/H 

Y93Y/H 

1a 60 Male White Yes PEG+RBV (54) 

SMV+SOF (12) 

4 None Q30K 

1a 60 Male White Yes PEG+RBV (36) 

SMV+SOF (24) 

12 None Q30R 

1a 58 Male White Yes PEG+RBV (24) 

SMV+SOF (24) 

12 None Y93C 

1a 60 Male White Yes PEG+RBV (12) 

SMV+SOF (12) 

4 None Q30R 

1a 64 Male White No PEG+RBV (54) 

TVR+PEG+RBV 

(24) SMV+SOF 

(12) 

12 None Q30H 

Y93H 

1a 56 Male Hispanic Yes SMV+SOF (14) 4 None Q30E 

1b 62 Male White Yes PEG+RBV (48) 

SOF/RBV (24) 

12 L31M L31M 

Y93H 

HCV, hepatitis C virus; IFN, interferon; PEG, pegylated interferon; RAS, resistance-

associated substitution; RBV, ribavirin; SMV, simeprevir; SOF, sofosbuvir; TVR, 

telaprevir. 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

TABLE 4. Common AEs reported in the RESCUE study (safety population). 

Event* 

Non-cirrhotic  Cirrhotic 

LDV/SOF  

for 12 weeks 

(n=16) 

LDV/SOF+ 

RBV for 12 

weeks (n=17) 

LDV/SOF+ 

RBV for 12 

weeks (n=25) 

LDV/SOF  

for 24 weeks 

(n=24) 

Discontinuation of treatment 

owing to an AE 

0 0 0 0 

Serious treatment-emergent AE 0 0 0 1 (4) 

Any treatment-emergent AE 11 (69) 14 (82) 22 (88) 17 (71) 

Treatment-related AE 7 (44) 12 (71) 17 (68) 11 (46) 

Death 0 0 0 0 

Common AEs**     

Headache 5 (31) 2 (12) 9 (36) 7 (29) 

Fatigue 2 (13) 6 (35) 7 (28) 4 (17) 

Insomnia 1 (6) 5 (29) 3 (12) 3 (13) 

Rash 1 (6) 2 (12) 5 (20) 2 (8) 

Vomiting 3 (19) 1 (6) 1 (4) 1 (4) 

Cough 0 3 (18) 2 (8) 0 

Muscle spasms 0 0 4 (16) 0 

Nausea 2 (13) 1 (6) 3 (12) 3 (13) 

Chills 0 2 (12) 0 2 (8) 

Increased blood CPK 0 2 (12) 0 1 (4) 
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Dry mouth 0 2 (12) 0 0 

Hypoesthesia 0 2 (12) 0 0 

Hematologic events     

Hemoglobin <10 g/dL 0 0 1 (4) 2 (8) 

Lymphocyte count 350 to <500 

per mm3 

0 0 0 0 

Neutrophil count 500 to <750  

per mm3 

0 0 0 0 

Platelet count 25,000 to <50,000 

per mm3 

0 0 0 2 (8) 

AE, adverse event; CPK, creatine phosphokinase; LDV, ledipasvir; RBV, ribavirin; SOF, 

sofosbuvir. 

*All values are n (%) unless stated otherwise. 

**The listed AEs occurred in at least 10% of the participants in any group. 
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