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Abstract
Background & Aims: Hepatitis C virus (HCV) has high genetic diversity with six major 
genotypes (GT) GT1-6 and global distribution. HCV GT5 and 6 are rare with < 10 mil-
lion people infected worldwide. Data on direct-acting antiviral use in these rare HCV 
genotypes are limited. The study aimed to evaluate the efficacy and safety of gle-
caprevir/pibrentasvir (G/P) in a pooled analysis of phase 2/3 trials in HCV GT5 or 
6-infected patients without cirrhosis or with compensated cirrhosis.
Methods: Patients with chronic HCV GT5 or 6 infection received oral G/P 
(300 mg/120 mg) once daily for 8 or 12 weeks. The primary efficacy endpoint was 
sustained virological response at post-treatment week 12 (SVR12) in the intention-
to-treat population.
Results: One hundred eighty-one patients were evaluated; 56 with HCV GT5 and 125 
with HCV GT6. The majority were treatment-naïve (88%) and non-cirrhotic (85%). 
Overall SVR12 rate with 8- or 12-week G/P treatment was 98% (178/181). Eight-
week treatment with G/P yielded SVR12 rates of 95% (21/22) in HCV GT5- and 99% 
(69/70) in HCV GT6-infected non-cirrhotic patients. Eight- and 12-week treatment 
of patients with compensated cirrhosis achieved SVR12 rates of 100% (10/10) and 
94% (17/18) respectively. The G/P regimen was well-tolerated; 3% (6/181) Grade 3 or 
higher adverse events, and no serious adverse events were attributed to G/P or led 
to study drug discontinuation.
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1  | INTRODUC TION

Chronic hepatitis C virus (HCV) infection is a global health prob-
lem that affects approximately 71 million individuals worldwide.1-4 
Chronic HCV infection, if left untreated, can cause hepatic fibrosis, 
which may lead to cirrhosis.4,5 Depending on risk factors, between 
10% and 20% of all patients with chronic HCV infection develop cir-
rhosis over 20-30 years of HCV infection.5 There is an increased risk 
for hepatocellular carcinoma (HCC) occurrence and death in the cir-
rhotic patient population.5

HCV is characterized by high genetic diversity, and the preva-
lence of each genotype varies by geographical location.6 HCV gen-
otype (GT) 1 is the most prevalent worldwide.6 HCV GT2 and 3 
infections are more common in Latin America (5% to 30%), Europe 
(20% to 40%) and Asia (30%-45%).7-9 HCV GT4 is commonly found in 
parts of Africa and the Middle East, particularly in Egypt.10 HCV GT5 
is primarily found in South Africa, and HCV GT6 is predominantly 
encountered in Southeast Asia.10,11

HCV GT5 and 6 are the rarest of the major HCV genotypes, ac-
counting for less than 5% of infections worldwide.6,12 Interferon-
free DAA regimens have shown high sustained virological response 
(SVR) rates (>95%) in HCV-infected patients, including those with 
HCV GT5 or 6 infection. However, because of the lower prevalence 
of HCV GT5 or 6 infection, the individual clinical trials for approved 
regimens have small numbers of patients infected with these gen-
otypes.11,13 Therefore, the efficacy data for GT5 or 6 patients are 
limited.

The development of direct acting antivirals (DAAs) target-
ing multiple enzymes essential for the HCV replication process 
has remarkably improved efficacy and safety of HCV treatment, 
with a high rate of SVR, reduced risk of resistance and shortened 
duration of treatment.14-16 Glecaprevir, a pangenotypic HCV 
non-structural protein 3/4A (NS3/4A) protease inhibitor, and pi-
brentasvir, a pangenotypic non-structural protein 5A (NS5A) in-
hibitor, are used in combination (glecaprevir/pibrentasvir; G/P) 
for treating chronic HCV infection in GT1-6-infected patients 
without cirrhosis or with compensated cirrhosis.17 In individual 

phase 2 and 3 studies, high efficacy (SVR at post-treatment 
week 12 [SVR12] rate ≥ 93%) was achieved with G/P treatment 
in patients with HCV GT5 or 6 infection.17-23 To help further the 
World Health Organisation goal of achieving HCV elimination 
by 2030, effective HCV treatment against all HCV genotypes 
is critical. Therefore, a potent pangenotypic short duration reg-
imen that is active across the diverse array of HCV subgeno-
types is necessary. Efficacy and safety of G/P in HCV GT5- or 
6-infected patients have been studied across 10 AbbVie phase 2 
and 3 studies20,23,24; the data analysis presented here integrates 
these data to evaluate G/P as a short duration, pangenotypic 
regimen.

2  | MATERIAL S AND METHODS

Data were pooled from ten phase 2 and 3 studies: ENDURANCE-5/6 
(N = 84), ENDURANCE-4 (NCT02636595) (N = 45), SURVEYOR-1 
(N  =  12), SURVEYOR-2 (N  =  12), EXPEDITION-8 (N  =  10), 
MAGELLAN-2 (N  =  2), EXPEDITION-1 (N  =  9), EXPEDITION-2 
(NCT02738138) (N = 3), EXPEDITION-4 (NCT02651194) (N = 2) 
and M16-133 (N = 2). Patients received once-daily oral glecaprevir 
(identified by AbbVie and Enanta Pharmaceuticals; 300  mg) and 
pibrentasvir (120 mg), for 8 or 12 weeks depending on the design 
of the original study. Analyses were performed on the intention-
to-treat (ITT) population, which included all patients who received 
at least one dose of study drug.
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2.1 | Individual study oversight

All patients signed informed consent for their respective trial, 
and the original studies were conducted in accordance with the 
International Conference on Harmonization guidelines and the eth-
ics set forth by the Declaration of Helsinki. All authors had access to 
all relevant study data and reviewed and approved this manuscript 
for submission.

2.2 | Patient population

Eligibility criteria were generally consistent across studies. Briefly, 
adults at least 18 years old, with chronic HCV GT5 or 6 infection, 
without cirrhosis or with compensated cirrhosis were enrolled. 
Patients were either HCV treatment-naïve or treatment-experi-
enced with interferon (IFN) or pegylated interferon (pegIFN) with 
or without ribavirin (RBV) (defined as P/R treatment-experienced) or 
sofosbuvir (SOF) plus RBV with or without pegIFN (defined as SOF 
plus RBV treatment-experienced). HCV genotype was determined 
by the Versant® HCV Genotype Inno LiPA assay, version 2.0 or 
higher (LiPA, Siemens Healthcare Diagnostics, Tarrytown, NY), and 
subtype was determined by next-generation sequencing (NGS) fol-
lowed by neighbour-joining phylogenetic analysis of NS3/4A and/or 
NS5A consensus nucleotide sequences from available baseline sam-
ples. If the LiPA assay was unable to genotype a sample, genotype 
and subtype were determined by a Sanger sequencing assay of a re-
gion of the non-structural protein 5B (NS5B) gene by the central lab-
oratory. Among the 181 patients in the ITT population, 15 patients 
were missing subtype information from phylogenetic analysis due to 
no sample availability or technical difficulties obtaining sequence.

Presence of cirrhosis was identified by one of the following: liver 
biopsy; screening aspartate aminotransferase to platelet ratio index 
(APRI) of greater than 2 and a FibroTest result of 0.75 or greater; or 
screening FibroScan score 12.5 kPa or greater.

2.3 | Endpoints

The primary efficacy endpoint was SVR12, defined as having HCV 
RNA less than the lower limit of quantification (LLOQ) at post-
treatment week 12. The number and percentages of patients 
achieving SVR12 were calculated for each HCV GT (GT5 and 6) 
and across HCV GTs. Secondary efficacy endpoints were the per-
centage of patients with on-treatment virological failure and post-
treatment relapse. The safety endpoints were summarised for the 
overall population, regardless of GT, cirrhosis status or treatment 
duration.

Safety and tolerability assessments included adverse events 
(AEs) and laboratory abnormalities. Treatment-emergent AEs were 
collected from the first administration of G/P through 30  days 
after the last dose of G/P. AEs were recorded using the Medical 
Dictionary for Regulatory Activities (MedDRA) Preferred Terms 

(PTs). Laboratory test values were graded using the National Cancer 
Institute Common Terminology Criteria for Adverse Events (CTCAE). 
Relatedness of AEs to G/P administration was determined by the 
study investigator.

2.4 | Resistance

The genes encoding full-length HCV NS3/4A or NS5A were se-
quenced by NGS for all patients with available baseline samples. 
Baseline polymorphisms were assessed relative to a subtype-spe-
cific reference sequence at a 15% detection threshold in NS3 at 
amino acid positions 155, 156 and 168, and in NS5A at amino acid 
positions 24, 28, 30, 31, 58, 92 and 93. For patients who experi-
enced virological failure, baseline polymorphisms and treatment-
emergent resistance-associated substitutions (RASs) were assessed 
at a 15% detection threshold at amino acid positions 36, 43, 54, 55, 
56, 80, 155, 156 and 168 in NS3, and at amino acid positions 24, 28, 
29, 30, 31, 32, 58, 92 and 93 in NS5A. Phylogenetic analyses were 
conducted on NS3/4A and/or NS5A NGS consensus sequences from 
samples collected at baseline and time of failure for patients who 
experienced virological failure in order to differentiate relapse from 
HCV reinfection.

2.5 | Statistical analyses

Analyses were performed on the ITT population. Categorical data 
were summarised with frequencies and percentages. Continuous 
data were summarised with medians and ranges (minimums and 
maximums). For the primary efficacy endpoint (SVR12), a two-sided 
95% confidence interval (CI) was calculated using the Wilson's score 
method when the number of patients in the analysis was at least 10.

2.6 | Role of funding source

The design, study conduct, analysis and financial support of this in-
tegrated analysis were provided by AbbVie. AbbVie participated in 
the interpretation of data, review and approval of the content. All 
authors had access to all relevant data and participated in writing, 
review and approval of this publication.

3  | RESULTS

3.1 | Baseline characteristics and demographics

Among 181 patients with HCV GT5 (31%, 56/181) or GT6 (69%, 
125/181) infection, the majority (88%; 159/181) had no prior his-
tory of HCV treatment. Most patients were male (54%, 98/181), 
of Asian race (65%, 115/181), and had F0-F1 stage fibrosis (69%, 
123/181); 16% (28/181) had compensated cirrhosis. The majority 
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of patients (56%, 102/181) were treated with G/P for 8 weeks, and 
44% (79/181) were treated with G/P for 12  weeks. Among 181 
patients, there were 1 HCV GT5 subtype (5a) and 16 HCV GT6 
subtypes identified. Among HCV GT6-infected patients, the pre-
dominant subtypes were 6a (35%, 44/125) and 6e (24%, 30/125) 
(Figure 1). One HCV GT6-infected patient with available sequence 
data was not assigned a subtype due to lack of homology to any 
of the known HCV GT6 subtypes. The majority of patients (78%, 
141/181) had an HCV RNA level at baseline of 1 000 000 IU/mL 
or greater.

Some differences in baseline characteristics were noted between 
those with HCV GT5 infection and those with HCV GT6 infection. 
Patients with HCV GT5 infection were generally older and of white 
ethnicity, while patients with HCV GT6 infection were younger and 
mostly of Asian ethnicity (Table 1). Among 156 patients with avail-
able sequence data for both NS3/4A and NS5A at baseline, 19% 
(30/156) had baseline polymorphisms in NS3 and 43% (67/156) had 
polymorphisms in NS5A; 4% (7/156) had polymorphisms in both NS3 
and NS5A (Table 1). The majority of baseline polymorphisms in NS3 
were detected in GT5-infected patients (27/30), while the highest 
prevalence of NS5A polymorphisms were detected in GT6-infected 
patients (60/67).

3.2 | Efficacy

Overall, 98% of patients (178/181, 95% CI: 95.2%-99.4%) achieved 
SVR12. The SVR12 rates for HCV GT5- and 6-infected patients 
were 98% (55/56, 95% CI: 90.6%-99.7%) and 98% (178/181, 95% 
CI: 94.4%-99.6%), respectively. HCV GT5-infected patients with-
out cirrhosis treated with G/P for 8  weeks and 12  weeks had 
95% (21/22, 95% CI: 78.2%-99.2%) and 100% (28/28, 95% CI: 
87.9%-100%) SVR12 rates, respectively. The SVR12 rates for HCV 

GT5-infected patients with compensated cirrhosis treated with 
G/P for 8 weeks and 12 weeks were 100% (1/1) and 100% (5/5), 
respectively (Figure 2). For GT6-infected patients without cirrho-
sis, the SVR12 rates were 99% (69/70, 95% CI: 92.3%-99.7%) and 
100% (33/33, 95% CI: 89.6%-100%) with 8 and 12 weeks of G/P 
treatment, respectively; for GT6-infected patients with compen-
sated cirrhosis, the rates were 100% (9/9) and 92% (12/13, 95% CI: 
66.7%-98.6%) with 8 and 12 weeks of G/P treatment, respectively 
(Figure 2).

One treatment-naïve patient with HCV GT5 infection with-
out cirrhosis experienced relapse at post-treatment week 12. On-
treatment virological failure was reported at treatment week 12 in 
one treatment-naïve patient with GT6 infection with compensated 
cirrhosis. Of the patients who achieved SVR12, one treatment-naïve 
patient with HCV GT6 infection without cirrhosis experienced re-
lapse at post-treatment week 24; this patient was determined to be 
a late relapse based on NS5A sequencing and phylogenetic analysis. 
Additional details on the three patients who experienced virological 
failure, including baseline polymorphisms and treatment-emergent 
RASs, are presented in Table 2.

3.3 | Adverse events and laboratory abnormalities

Across all patients with GT5 or 6 infection, AEs occurring in ≥ 10% 
of patients were fatigue (16%, 29/181) and headache (15%, 27/181). 
The rate of G/P discontinuation due to AEs was low (1%, 2/181). 
Serious AEs occurred in 4% (7/181) of patients, none of which were 
considered related to G/P by investigators. Across all patients, no 
grade 3 or higher laboratory abnormalities in alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), or total bilirubin 
occurred. The G/P regimen was well-tolerated, with mostly mild or 
moderate treatment-emergent AEs (Table 3).

F I G U R E  1   HCV Genotype 6 
Subtype Distribution as Determined by 
Phylogenetic Analysis For 125 Enrolled 
Patients. *Subtype was not available 
by phylogenetic analysis due to sample 
availability or technical issues; GT, 
genotype
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4  | DISCUSSION

In this integrated analysis, 8 or 12 weeks of treatment with the G/P 
regimen resulted in high rates of SVR12 in patients with chronic 
HCV GT5 or 6 infection without cirrhosis or with compensated cir-
rhosis. Efficacy was demonstrated in 15 of 16 HCV GT6 subtypes. 
In addition, 8-week treatment of patients with compensated cir-
rhosis achieved high SVR12 (100%, 10/10 patients). Treatment was 

well-tolerated, with mostly mild or moderate treatment-emergent 
adverse events.

This analysis further supports the use of G/P in treating patients 
with chronic HCV GT5 or 6 infection. The integrated data across 
phase 2 and 3 studies, to our knowledge, represent one of the larg-
est evaluations of patients with HCV GT5 or 6 infection and the 
most diverse report of GT6 subtypes to date. Here, among 125 pa-
tients with GT6 infection, 16 different GT6 subtypes were identified 

Characteristic
GT5
N = 56a 

GT6
N = 125

Total
N = 181

Male, n (%) 29 (52) 69 (55) 98 (54)

Age, median (range), years 64.5 (20-76) 54 (28-79) 56 (20-79)

BMI, median (range), Kg/m2 28 (19.8-43.5) 23.4 (17.2-40) 24.3 (17.2-43.5)

Race, n (%)

Asian 3 (6) 112 (90) 115 (65)

White 43 (81) 11 (9) 54 (30)

Black or African American 5 (9) 0 5 (3)

American Indian or Alaska 
Native

0 1 (1) 1 (1)

Multi-race 2 (4) 1 (1) 3 (2)

Missingb  3 0 3

HCV RNA ≥ 1 000 000 IU/mL, 
n (%)

39 (70) 102 (82) 141 (78)

HCV-treatment-experienced, 
n (%)c 

10 (18) 12 (10) 22 (12)

Cirrhosis, n (%) 6 (11) 22 (18) 28 (15)

Fibrosis stage, n (%)

F0-F1 40 (71) 83 (67) 123 (69)

F2 8 (14) 2 (2) 10 (6)

F3 2 (4) 16 (13) 18 (10)

F4 6 (11) 22 (18) 28 (16)

Missingb  0 2 2

Baseline polymorphisms, n (%)d 

NS3 only 23 (42) 0 23 (15)

NS5A only 3 (5) 57 (56) 60 (38)

NS3 and NS5A 4 (7) 3 (3) 7 (4)

None 25 (45) 41 (41) 66 (42)

Missingb  1 24 25

Treatment duration, n (%)

8 wks 23 (41) 79 (63) 102 (56)

12 wks 33 (59) 46 (37) 79 (44)

Note: Sums of percentages may differ from 100% due to rounding.
Abbreviations: BMI, body mass index; HCV, hepatitis C virus; NS3, non-structural protein 3; NS5A, 
non-structural protein 5A; RNA, ribonucleic acid.
aAll patients were subtype 5a. 
bMissing not included in calculation of percentage. 
cNo patients with SOF-experience enrolled. 
dBaseline polymorphisms assessed relative to a subtype-specific reference sequence at a 15% 
detection threshold in NS3 at amino acid positions 155, 156 and 168, and in NS5A at amino acid 
positions 24, 28, 30, 31, 58, 92 and 93 for patients with available data in both target sequences. 

TA B L E  1   Baseline demographics and 
disease characteristics of HCV GT5- and 
6-infected patients
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using a sequencing-based assay; SVR12 was achieved in 123 (98%) 
patients. Historically, the small number of recruited patients with 
GT5 or 6 infection in clinical trials has resulted in a limited amount of 
genotype-specific and subtype-specific data. In a study investigating 
the safety and efficacy of ledipasvir + SOF regimen for 12 weeks in 
patients with HCV infection in Myanmar, a low SVR rate of 64.1% 
(25/39) was achieved in GT6-infected patients.25 One in vitro study 
explored the diversity of polymorphisms across GT6 genotypes at 
amino acid residues associated with DAA resistance and evaluated 
their impact on susceptibility to DAAs. HCV GT6 subtypes 6b, 6f 
and 6r contained polymorphisms in NS5A that conferred resistance 
to NS5A inhibitors daclatasvir, ledipasvir, ombitasvir and velpatasvir 
using an in vitro HCV replicon assay.26

Therefore, analysis of large cohorts of patients with HCV GT5 
or 6 infection, including diverse GT6 subtypes is important for rep-
resentation of less prevalent genotypes and for determination of 
optimal treatment.

The availability of pangenotypic DAA regimens is critical in 
achieving the World Health Organisation goal of HCV elimination 
by 2030.27 Currently, HCV treatment guidelines established by 
EASL recommend 8 weeks of treatment with G/P for non-cirrhotic 
and 12  weeks of G/P treatment for cirrhotic patients with HCV 
GT5 or 6 infection.4,28 American Association for the Study of Liver 
Disease (AASLD) recommends 8 weeks of treatment with G/P for 

non-cirrhotic patients and treatment-naïve cirrhotic patients and 
12 weeks of G/P treatment for pegIFN/RBV-experienced patients 
with compensated cirrhosis.4,28 Other regimens recommended by 
AASLD and European Association for the Study of the Liver for the 
treatment of HCV GT5 or 6 infection include 12-week pangeno-
typic SOF/velpatasvir and 12-week genotype-specific ledipasvir/
SOF regimens.4,28,29 AASLD also recommends 12  weeks of SOF/
velpatasvir/voxilaprevir for treatment of DAA-experienced pa-
tients with HCV GT5 or 6 infection.28 The European Commission 
has granted marketing authorization for G/P to shorten treatment 
duration from 12 to 8 weeks in chronic HCV GT1 − 6 infected, treat-
ment-naïve patients with compensated cirrhosis. The United States 
Food and Drug Administration has approved the 8-week treatment 
duration with G/P in HCV GT1-6 infected, treatment-naïve patients 
with compensated cirrhosis.30

The sample size of patients with HCV GT5 or 6 infection in-
cluded in this integrated analysis is large when compared with other 
clinical trials.31-35 For example, 16 GT6 subtypes were represented 
in this analysis compared to seven GT6 subtypes evaluated in a pre-
vious study with the subtype distribution of 8 patients with GT6a, 
6 with GT6e, 3 with GT6l, 2 with GT6m, 3 with GT6p, 2 with GT6q 
and 1 with GT6r.35 However, one limitation of this study is the small 
sample size for many of the GT6 subtypes (Table 1). Furthermore, 
it should be noted that the studies included in this analysis were 

F I G U R E  2   SVR12 in HCV GT5- and 
GT6-Infected Patients by A) Genotype, B) 
Treatment Duration, C) Cirrhosis Status, 
D) Genotype, Treatment Duration and 
Cirrhosis Status. GT, genotype; HCV, 
hepatitis C virus; SVR12, sustained 
virological response at post-treatment 
week 12
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mostly conducted in Western countries, whereas GT5 and GT6 are 
most prevalent in South Africa and Southeast Asia respectively10,11; 
therefore there may be some differences to the study population in 
terms of host factors (genetic background, racial factors and comor-
bidities), and viral factors (regional HCV subtypes).

In conclusion, this integrated analysis shows treatment with G/P 
of patients with chronic HCV GT5 or 6 infection results in a high 
SVR12 rate. Efficacy was demonstrated in diverse GT6 subtypes. 
The regimen was well-tolerated, and the safety profile was consis-
tent with previous reports and real-world data.20,24,36,37 This inte-
grated analysis represents one of the largest evaluations of patients 
with HCV GT5 or 6 infection and the most diverse report of GT6 
subtypes to date, supporting G/P as a true pangenotypic regimen.
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TA B L E  2   Characteristics of HCV GT5- and HCV GT6-infected patients with virological failure

Characteristic
Patient 1
(OTVF at TW12)

Patient 2
(Relapse at PTW12)

Patient 3a 
(Relapse at PTW24)

Sex Male Male Male

Age, years 71 54 30

Race White White Asian

Genotype/subtype 6f 5a 6k

Cirrhosis status Compensated cirrhosis No cirrhosis No cirrhosis

Prior treatment experience None None None

Baseline HCV RNA, IU/mL 625 000 10 800 000 244 000

DAA adherentb  Yes Yes Yes

NS3 baseline polymorphismsc  None D168E Data not available

NS5A baseline polymorphismsc  None None None

NS3 RAS at the time of failurec  A156M Noned  Data not available

NS5A RAS at the time of failurec  T93A None None

Abbreviations: DAA, direct-acting antiviral; HCV, hepatitis C virus; NS3, non-structural protein 3; NS5A, non-structural protein 5A; OTVF, on-
treatment virological failure; PTW, post-treatment week; RAS, treatment-emergent resistance-associated substitution; RNA, ribonucleic acid; TW, 
treatment week.
aPatient achieved SVR12 but relapsed at post-treatment Week 24. 
bAdherence measured by pill count. A patient is considered to have been compliant if the % of tablets taken relative to the total tablets expected to 
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dNS3 D168E was present at baseline and at the time of failure. 

TA B L E  3   Safety and tolerability of HCV GT5- and GT6-infected 
patients

Event, n (%)
Total
N = 181

Any AE 105 (58)

Any AE with a Grade 3 or higher 6 (3)

Any G/P-related AE with a Grade 3 or higher 0

Any serious AE 7 (4)

Any G/P-related serious AE 0

Any AE leading to study discontinuation 2 (1)

Any G/P-related AE leading to study discontinuation 1 (1)

Any serious AE leading to study discontinuation 0

Death 0

AE’s occurring in ≥ 10% total patients

Fatigue 29 (16)

Headache 27 (15)

Laboratory Abnormalitiesa 

ALT, Grade ≥ 3 (>5 × ULN) 0

AST, Grade ≥ 3 (>5 × ULN) 0

Total Bilirubin, Grade ≥ 3 (>3 × ULN) 0

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; G/P, gelcaprevir/pibrentasvir; ULN, upper 
limit of normal.
aGrade must have been more extreme than the baseline grade. 
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