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ABSTRACT 

Background & Aims: Patients with chronic hepatitis C virus (HCV) genotype 2 have high rates 

of response to treatment with sofosbuvir and ribavirin. However, ribavirin is associated with 

hemolytic events and is poorly tolerated by some patients. We evaluated the effectiveness of 

sofosbuvir and ledipasvir in treatment-naïve and treatment-experienced patients with HCV 

genotype 2, comparing 12 versus 8 weeks of treatment. 

Methods: This Phase 2, open-label study included 2 cohorts in New Zealand. The first received 

a fixed-dose combination tablet of ledipasvir-sofosbuvir (90/400 mg) once daily for 12 weeks. If 

this cohort had a 90% rate of sustained virologic response (SVR) 4 weeks after treatment, a 

second cohort receiving 8 weeks of ledipasvir-sofosbuvir was to be enrolled. The primary 

endpoint in both cohorts was the percentage of patients with HCV RNA <15 IU/mL 12 weeks 

after therapy (SVR12).  

Results: SVR12 rates were 96% (25/26; 95% CI, 80%-100%) for 12 weeks and 74% (20/27; 

95% CI, 54%-89%) for 8 weeks of ledipasvir–sofosbuvir. The single patient receiving 12 weeks 

of ledipasvir–sofosbuvir who did not reach SVR12 did not complete treatment because of 

withdrawing consent after receiving 1 dose of study drug. Six of the 7 patients who did not reach 

SVR12 after 8 weeks of treatment experienced virologic relapse after stopping therapy. The most 

common adverse events were headache (26% of patients), fatigue (21%), and nausea (17%). No 

patients discontinued treatment because of an adverse event. 

Conclusions: For treatment-naïve and -experienced patients ledipasvir–sofosbuvir for 12 weeks 

is highly effective for the treatment of HCV genotype 2. (ClinicalTrials.gov: NCT02202980) 

 

Keywords: antiviral agents, direct-acting antivirals, polymerase inhibitor, NS5A inhibitor 
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INTRODUCTION 

Genotype 2 hepatitis C virus (HCV) accounts for approximately 13% of all HCV infections 

globally, and in some countries in Asia, Latin America, and Africa, the percentage is much 

higher.1 Genotype 2 HCV has high rates of response to combination therapy with sofosbuvir, a 

specific inhibitor of the HCV NS5B polymerase, and ribavirin, a broad-spectrum antiviral. In 3 

registration studies of sofosbuvir and ribavirin, 12 weeks of treatment resulted in a sustained 

virologic response (SVR) rate of 94% among patients with chronic HCV genotype 2 infection.2–4 

In contrast to sofosbuvir, which has a favourable safety profile and is well tolerated,5 ribavirin 

has poorer tolerability, mostly because of its association with haemolytic anaemia. HCV patients 

with treatment-associated anaemia have significantly increased resource utilization and medical 

costs.6  

  Ledipasvir is an inhibitor of the HCV NS5A protein with potent antiviral activity.7 Like 

other first-generation NS5A inhibitors, ledipasvir has a lower barrier to virologic resistance7,8 

than polymerase inhibitors such as sofosbuvir.9 Resistance mutations have been mapped to the 

N-terminal region of NS5A, with substitutions at positions 28, 30, 31, and 93 conferring reduced 

response to ledipasvir monotherapy in HCV genotype 1a patients.8 Using ledipasvir in 

combination with an antiviral with a higher barrier to resistance has been effective strategy for 

suppressing virus and minimizing breakthrough in patients with genotype 1 HCV, where 

ledipasvir in combination with sofosbuvir for 12 weeks results in SVR rates of 95%-99% in 

treatment-naïve patients and 94% in treatment-experienced patients.10–12 Whether this strategy 

will be as effective in patients with HCV genotype 2 was unclear, because in vitro data indicate 

ledipasvir has reduced activity against genotype 2 versus 1 HCV.13  
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In a proof-of-concept study, we evaluated the efficacy and safety of a fixed-dose 

combination (FDC) tablet of ledipasvir and sofosbuvir administered for 8 or 12 weeks in 

treatment-naïve and treatment-experienced patients with HCV genotype 2. The relationship 

between presence of viral variants and treatment response was also evaluated.  

 

METHODS 

Patients 

Eligible patients were at least 18 years old and had chronic infection with genotype 2 HCV, with 

plasma HCV RNA ≥104 IU/mL. Patients were HCV treatment naïve or experienced. Patients 

could have compensated cirrhosis, as determined by the following: biopsy, Fibroscan >12.5 kPa, 

or FibroTest >0.75 and AST:platelet ratio index >2. All patients underwent a screening ECG to 

rule out clinically significant abnormalities. Patients had the following laboratory parameters at 

screening: alanine transaminase (ALT) and aspartate transaminase (AST) ≤10 × ULN; total 

bilirubin ≤1.5 × ULN, except for patients with Gilbert’s syndrome; hemoglobin A1c ≤8.5%; 

creatinine clearance ≥40 mL/min as calculated by the Cockcroft-Gault equation; albumin ≥3 

g/dL; INR ≤1.5 × ULN unless the patient had known hemophilia or was stable on an 

anticoagulant regimen affecting INR; platelets ≥50,000/mm3; and hemoglobin ≥11 g/dL. Patients 

were excluded from participating in the study if they had infection with hepatitis B or HIV, 

clinically relevant alcohol or drug abuse, significant cardiac disease, or had ever received organ 

transplant. All patients provided written informed consent before undertaking any study-related 

procedures. 

Study Design 

This was a Phase 2, multi-center, open-label study. Patients were enrolled in 2 cohorts. The first 
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cohort received 12 weeks of treatment with ledipasvir–sofosbuvir FDC (90 mg ledipasvir, 400 

mg sofosbuvir) once daily. If this cohort had more than 90% of patients with SVR4 (sustained 

virologic response 4 week after treatment), then a second cohort was to be enrolled. The second 

cohort received 8 weeks of ledipasvir–sofosbuvir. In each cohort, up to 40% of patients were 

allowed to be treatment experienced and up to 25% were allowed to have cirrhosis. After 12 

weeks of treatment, patients subsequently underwent follow-up for 12 to 24 weeks.  

Treatment was to be stopped for patients with the following virologic criteria: confirmed 

HCV RNA ≥ lower limit of quantification (LLOQ) after 2 consecutive HCV RNA <LLOQ, 

confirmed HCV RNA >1 log10 increase from nadir, or HCV RNA ≥ LLOQ through 8 weeks of 

treatment.  

The study protocol was approved by each institution’s review board or ethics committee 

prior to study initiation. The study was conducted in accordance with the International 

Conference on Harmonization Good Clinical Practice Guidelines and the Declaration of 

Helsinki. All authors had access to the study data and had reviewed and approved the final 

manuscript. 

Efficacy Assessments 

Serum samples for determining HCV RNA levels were drawn at Screening; on day 1 of 

treatment; at treatment weeks 1, 2, 4, and 8 for all patients; at treatment week 12 for patients in 

cohort 1; and at follow-up weeks 2, 4, 8, 12, and 24. Plasma HCV RNA was analyzed by using 

the Roche Ampliprep/COBAS TaqMan HCV Test, v2.0 (Roche Molecular Systems, Inc., 

Branchburg, NJ), which has a LLOQ of 15 IU/mL. HCV genotype and subtype were determined 

using the VERSANT HCV Genotype INNO-LiPA 2.0 Assay (Siemens, Munich, Germany). 

Viral sequencing results were used to verify HCV subtype determination. IL28B genotype was 
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determined by PCR amplification of the single-nucleotide polymorphism rs12979860. 

Viral Sequencing 

Plasma samples for viral sequencing were collected at the same time points as for HCV RNA 

levels. The HCV NS5A and NS5B coding regions were amplified by DDL Diagnostic 

Laboratory (Rijswijk, Netherlands) using standard reverse transcription polymerase chain 

reaction (RT-PCR) technology at baseline for all patients. The polymerase chain reaction (PCR) 

products from baseline samples were deep sequenced by DDL. For all patients who did not 

achieve SVR12 because of virologic failure, deep sequencing of HCV NS5A and NS5B was 

performed at the first virologic failure time point if a plasma sample was available and HCV 

RNA was >1000 IU/mL. A cut-off of 15% was adopted. Amino acid substitutions in NS5A and 

NS5B in the samples collected at virologic failure were compared with the respective baseline 

sequence for each patient. Only NS5A RAS associated with at least 5-fold reduction in 

susceptibility to ledipasvir were deemed significant (M28T, Q30R, L31M, H58D, Y93H).   

Safety Assessments 

Safety data were collected during treatment and for 4 weeks after stopping treatment. The data 

included reported adverse events, clinical laboratory tests, vital signs, and concomitant 

medication intake. ECG recordings and physical examinations were also done at the start and 

end of treatment. Treatment-emergent clinical and laboratory adverse events were summarized 

using the Medical Dictionary for Regulatory Activities (MedDRA), version 17.0. 

Endpoints and Statistical Analyses 

The primary efficacy endpoint was the percentage of patients in each cohort with SVR12, 

defined as HCV RNA < LLOQ (15 IU/mL) 12 weeks after stopping study drug. In the primary 

efficacy analysis the SVR12 rate was calculated with a 2-sided 95% exact confidence interval 
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using the binomial distribution. No inferential statistics or statistical comparisons were done for 

efficacy endpoints. 

Secondary efficacy endpoints included the percentage of patients with HCV RNA < 

LLOQ throughout treatment and follow-up. 

On-treatment virologic failure was defined as having either 1) HCV RNA ≥ LLOQ after 

having previously had HCV RNA < LLOQ while on treatment, confirmed with 2 consecutive 

values (the second confirmation value could be posttreatment), or last available on-treatment 

measurement with no subsequent follow-up values (breakthrough); 2) > 1 log10 IU/mL increase 

in HCV RNA from nadir while on treatment, confirmed with 2 consecutive values (second 

confirmation value could be posttreatment), or last available on-treatment measurement with no 

subsequent follow-up values (rebound); or HCV RNA persistently ≥ LLOQ through 8 weeks of 

treatment (ie, nonresponse). Off-treatment virologic failure, or relapse, was defined as having 

HCV RNA ≥ LLOQ during the posttreatment period having achieved HCV RNA < LLOQ at end 

of treatment, confirmed with 2 consecutive values or last available posttreatment measurement.  

 

RESULTS 

Study Population 

From August 2014 through April 2015, 53 patients were enrolled and treated at 2 sites in New 

Zealand. Sixty-eight percent of patients were male, 85% were white, and 77% were HCV 

treatment naive (Table 1). Two patients, both receiving 12 weeks of therapy, had cirrhosis. Mean 

baseline HCV RNA levels were similar between the treatment groups.  

Antiviral Response 

Ledipasvir–sofosbuvir for 12 weeks. Twelve weeks of ledipasvir–sofosbuvir resulted in an 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
      Gane et al. 9

SVR12 of 96% (25/26; 95% CI, 80%-100%) (Table 2). The single patient in the 12-week group 

who did not reach SVR12 withdrew consent after receiving 1 dose of study drug. The remaining 

25 patients all had HCV RNA <LLOQ by Week 8 of treatment, which was maintained through 

the end of treatment and follow-up. 

 Ledipasvir–sofosbuvir for 8 weeks. Eight weeks of ledipasvir–sofosbuvir resulted in an SVR12 

of 74% (20/27; 95% CI, 54%-89%). Of the 7 patients who did not achieve SVR12, all had HCV 

RNA >1000 IU/mL at baseline. By the end of treatment, 6 had HCV RNA < LLOQ but 

experienced viral relapse after stopping therapy. The remaining patient did not meet the 

prespecified definitions for viral breakthrough, rebound, non-response, or relapse. This patient 

had HCV RNA levels which were < LLOQ but detectable at Week 4 of treatment and increased 

to 3,562,712 IU/mL at the final treatment visit. Posttreatment, HCV RNA was undetectable at 

Week 2 of follow-up but then increased to 63,106 IU/mL at Week 4 and 12,174,532 IU/mL at 

Week 8 of follow-up. According to pill counts, this patient fully adhered to the study regimen. 

Viral Sequencing 

Ledipasvir–sofosbuvir for 12 weeks.  

For the 25 patients with a virologic outcome, all had deep sequencing results obtained for NS5A, 

and 24 of 25 did for NS5B. For 1 patient, full-length NS5B amplification failed. Sequencing 

results were used to verify HCV subtype determination. Of 25 patients, 11 were infected with 

HCV genotype 2a, and 15 were infected with genotype 2b. 

Pretreatment NS5A resistance-associated substitutions (RASs) (K30R and/or L31M) were 

detected in 10 of 11 patients with genotype 2a HCV infection with virologic outcome using a 

≥ 15% assay cutoff, with L31M present in all 10 patients. Of the 15 patients with genotype 2b, 

NS5A L31M was detected in 3 of them. The NS5B nucleoside inhibitor RAS M289I was 
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detected at baseline in 2 patients, who had genotype 2b HCV infection. This RAS is associated 

with a less than 2-fold reduction in susceptibility to ledipasvir. All patients with pretreatment 

NS5A ledipasvir or NS5B nucleoside inhibitor RASs who were treated for 12 weeks achieved 

SVR12. 

Ledipasvir–sofosbuvir for 8 weeks.  

Deep sequencing results were obtained for NS5A and NS5B in all 27 patients. Of the 27, 7 were 

infected with HCV genotype 2a, 19 with genotype 2b, and 1 with genotype 2c.  

Using a ≥ 15% assay cutoff, pretreatment NS5A RAS (L31M) was detected in all seven patients 

with genotype 2a HCV, with two of the seven achieving SVR12. Pretreatment NS5A RASs 

(L31M/I and/or Y93H) were detected in 6 of 19 patients with HCV genotype 2b, with 5 of 6 

achieving SVR12. The remaining 13 genotype 2b patients with no detectable pretreatment NS5A 

RASs all achieved SVR12. The NS5B nucleoside inhibitor RAS (M289I) was detected in 1 

genotype 2b patient, who achieved SVR12. The genotype 2c patient had no detectable 

pretreatment NS5A or NS5B RASs and did not achieve SVR12.  

Seven of 27 patients experienced virologic failure after receiving 8 weeks of treatment, 

with 6 relapsing after treatment (5 genotype 2a and 1 genotype 2b) and 1 with quantifiable HCV 

RNA at the end of treatment (1 genotype 2c). Six of the 7 patients had pretreatment NS5A RASs 

(L31M) (Table 4). No additional RASs emerged at virologic failure. No NS5B nucleoside 

inhibitor RASs were detected at baseline or virologic failure in any of the 7 patients.  

Safety Assessments 

The most common adverse events were headache (26% of patients), fatigue (21%), and nausea 

(17%) (Table 3). No patients discontinued treatment because of an adverse event. Three patients 

experienced serious adverse events. The events, atrial fibrillation, psychotic disorder, and 
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exacerbation of gastroesophageal reflux, were considered not related to study treatment. 

One patient, who received 12 weeks of treatment, experienced a decline in hemoglobin to below 

10 g/dL. This patient had measurements of 15-16 g/dL during treatment and at post-treatment 

Week 4, but at Week 2 follow-up had a measurement of 9.6 g/dL, likely due to a sample 

handling error. All other changes in patients’ clinical laboratory values were considered minor. 
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DISCUSSION 

In this study, treatment with ledipasvir–sofosbuvir for 12 weeks resulted in a high rate of 

sustained virologic response (96%, 25/26) in patients with HCV genotype 2, including those who 

are interferon-treatment experienced (5/25) and those with cirrhosis (2/25). Treatment with 8 

weeks of ledipasvir–sofosbuvir had a lower success rate (74%, 20/27). Although the difference 

in response rates was not evaluated for its statistical significance, our results indicate that 

shortening the duration of ledipasvir–sofosbuvir from 12 to 8 weeks in patients with HCV 

genotype 2 reduces the likelihood of response. In contrast, for patients with HCV genotype 1, 

ledipasvir−sofosbuvir for 8 weeks led to an SVR12 rate of 94% (202/215) in the ION-3 study of 

treatment-naïve patients.12 The difference in response to 8 weeks of treatment between HCV 

genotypes 1 and 2 is consistent with ledipasvir having more potency against HCV genotype 1 

replicons. EC50 values for ledipasvir are 0.031 nM for HCV genotype 1a and 0.004 nM for 

genotype 1b.13 In comparison, ledipasvir’s EC50 values are 21 nM against the genotype 2a 

replicon with NS5A L31 and 249 nM against the genotype 2a replicon with the L31M 

substitution. EC50 values for ledipasvir against genotypes 2b and 2c replicons are not available.  

The SVR12 rate for 12 weeks of ledipasvir–sofosbuvir is comparable to the rate 

previously reported for 12 weeks of sofosbuvir and ribavirin in HCV genotype 2 patients 

(94%).2–4 Twelve weeks of ledipasvir–sofosbuvir is safe and well tolerated, with no specific 

toxicity. The lack of ribavirin should remove the need for any on-treatment monitoring for 

anaemia. 

All patients with HCV genotype 2 infection and pretreatment NS5A and NS5B RASs 

who received ledipasvir-sofosbuvir for 12 weeks achieved SVR12. Numerically lower SVR12 

rates were observed in patients infected with genotype 2a HCV infection (33%) compared with 
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genotype 2b HCV infection (95%) in patients treated for 8 weeks. Due to the higher prevalence 

of NS5A RASs in patients with genotype 2a versus 2b HCV infection, it is not clear whether 

lower SVR12 rates in patients treated for 8 weeks was associated with genotype 2a or 

pretreatment NS5A RASs, or both. No NS5A and NS5B RASs emerged in any of the patients at 

virologic failure. 

This was a proof-of-concept study that was limited by the small size of its treatment 

arms, the small number of sites (n=2) both within New Zealand, and by the lack of a control 

group with standard-of-care treatment (sofosbuvir-ribavirin) for the purposes of comparison. The 

open-label design is not likely to have had any effect on the assessment of efficacy since the 

endpoint of SVR is not subject to bias, but it is conceivable that it biased the reporting of safety 

events. In light of these limitations, our results require further confirmation in a larger clinical 

trial.  

In conclusion, 12 weeks of ledipasvir–sofosbuvir provides a simple but highly effective, 

ribavirin-free single tablet regimen for patients with genotype 2 HCV. It would seem an 

especially attractive regimen in certain countries in Northern Asia such as Taiwan, Japan and 

Korea, where more than 99% of HCV infections are either genotype 1 or 2.1 
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Table 1. Patient Demographics and Baseline Characte ristics  

 LDV–SOF 
8 Weeks 
(n=27) 

LDV–SOF 
12 Weeks 

(n=26) 
Mean (SD) age, yr 55 (9) 53 (11)  
Male, n (%) 19 (70) 17 (65)  
Race, n (%)   

White 21 (78) 24 (92) 
Asian 4 (15) 2 (8) 
Native Hawaiian or Pacific 

Islander 
1 (4) - 

Kazakhs 1 (4) - 
BMI <30 kg/m2, n (%) 22 (82) 21 (81) 
Genotype, n (%)   

2a 7 (27) 11 (42) 
2b 19 (70) 15 (58)  
2c 1 (4) - 

Mean (SD) HCV RNA, log10 IU/mL 6.4 (0.74) 6.1 (0.66) 
Prior HCV treatment, n (%)   

Treatment naive 20 (74) 21 (81) 
Non-response 1 (4) 2 (8) 
Relapse/breakthrough 6 (22) 3 (12) 

IL-28B, n (%)   
CC 14 (52) 10 (39) 
CT 10 (37) 15 (58) 
TT 3 (11) 1 (4) 

Cirrhosis, n (%)   
Present - 2 (8) 

Median (range) ALT, U/L 32 (10, 229) 54 (11, 333) 
Median (range) glomerular filtration 

rate,a mL/min 
104.4 (52.8, 237.6) 95.8 (52.5, 174.8) 

aEstimated by Cockroft Gault 
ALT, alanine transaminase; BMI, body mass index; HCV, hepatitis C virus; LDV, ledipasvir; 
SOF, sofosbuvir. 
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Table 2. Treatment Response  

 
LDV–SOF 
8 Weeks 
(n=27)  

LDV–SOF 
12 Weeks 

(n=26)  

HCV RNA <15 IU/mL, n/n (%)   

On treatment   

Week 4 25/27 (93) 23/25 (92)a 

Week 8 26/27 (96) 25/25 (100) 

Week 12 - 25/25 (100) 

After treatment   

Week 2 26/27 (96) 25/26 (96) 

Week 4 22/27 (82) 25/26 (96) 

Week 8 20/27 (74) 25/26 (96) 

Week 12 (SVR) 20/27 (74)b 25/26 (96) 

95% CI 54%-89% 80% to 100% 

Virologic failure, n   

On treatment 0 0 

Relapse 6 0 
aOne patient in the 12-week group withdrew consent after receiving 1 dose of study drug. 
bOne patient in the 8-week group did not achieve SVR12 and did not meet the criteria for 
virologic failure. This patient had HCV RNA > LLOQ at Week 8 of treatment, < LLOQ at Week 2 
of follow-up, and > LLOQ at Week 4 of follow-up. 
HCV: hepatitis C virus; LDV, ledipasvir, SOF, sofosbuvir; SVR, sustained virological response. 
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Table 3. Treatment-Emergent Adverse Events and Labo ratory Abnormalities 

 LDV–SOF 
8 Weeks 
(n=27) 

LDV–SOF 
12 Weeks 

(n=26) 
No. (%) of patients with any adverse event  22 (82) 17 (65) 
No. (%) of patients with a serious adverse event  2 (7) 1 (4) 
Adverse event leading to discontinuation, n (%)  0 0 
Deaths, n  0 0 
Adverse events in ≥ 2 patients in either cohort, n (%)    

Headache 8 (30) 6 (23) 
Fatigue 5 (19) 6 (23) 
Nausea 5 (19) 4 (15) 
Rash 2 (7) 3 (12) 
Gastroenteritis 2 (7) 2 (8) 
Upper respiratory tract infection - 4 (15) 
Back pain 2 (7) 1 (4) 
Diarrhea 1 (4) 2 (8) 
Vomiting 1 (4) 2 (8) 
Dyspepsia 2 (7) - 
Hyperhidrosis - 2 (8) 

Serious adverse events, n (%)    
Atrial fibrilation - 1 (4) 
Gastroesophageal reflux disease 1 (4) - 
Psychotic disorder - 1 (4) 

ALT, alanine transaminase; LDV, ledipasvir, SOF, sofosbuvir. 
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Table 4. Resistance-Associated Substitutions in Pat ients with Posttreatment Relapse or Other Virologic  Failure  
 
       Resistance -Associated Substitutions  
       NS5A NS5B 

 
 

 
Age, y 

HCV 
Subtype 

 
Sex 

 
Race 

Treatment  
Experience 

Timing of 
VF 

 
Baseline 

 
Follow-up  

 
Baseline 

 
Follow-up 

1 64 2a M Asian Naive FU Wk 4 L31M L31M None None 
2 56 2a F White Naive FU Wk 8 L31M  L31M None None 
3 57 2a F Asian PEG-IFN/RBV FU Wk 4  L31M L31M None None 
4 56 2b M White PEG-IFN FU Wk 4 L31M/L L31M None None 
5 34 2c F Asian Naive FU Wk 4  None None None None 
6 46 2a F White Naive FU Wk 8 L31M L31M None None 

7 61 2c M White Naive Other T24A 
L31M 

T24A 
L31M 

None None 

FU, follow-up; HCV, hepatitis C virus; PEG-IFN, peginterferon; RBV, ribavirin; VF, virologic failure. 
 




