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Abstract
Sustained virologic response at posttreatment Week 12 (SVR12) is the widely ac-
cepted efficacy endpoint for direct-acting antiviral agents. Those with hepatitis C 
virus (HCV) are presenting younger with milder liver disease, potentially reducing 
need for long-term liver posttreatment monitoring. This analysis aimed to determine 
the positive predictive value (PPV) of SVR at posttreatment Week 4 (SVR4) for achiev-
ing SVR12 in patients with HCV, without cirrhosis or with compensated cirrhosis, re-
ceiving glecaprevir/pibrentasvir (G/P) in clinical trials. An integrated dataset from 20 
Phase 2 and 3 clinical trials of G/P was evaluated in patients with 8-, 12- or 16-week 
treatment duration consistent with the current label (label-consistent group), and in all 
patients regardless of treatment duration consistency with the current label (overall 
group). Sensitivity analyses handled missing data either by backward imputation or 
were excluded. SVR4 PPV, negative predictive value (NPV), sensitivity and specific-
ity were calculated for achieving SVR12 in both groups, and by treatment duration 
in the label-consistent group. SVR was defined as HCV ribonucleic acid <lower limit 
of quantification. The label-consistent group and overall group included 2890 and 
4390 patients, respectively. PPV of SVR4 for SVR12 was >99% in both groups re-
gardless of treatment duration. Not achieving SVR4 had 100% NPV and sensitivity 
for all groups. SVR4 measure had 79.5% specificity for identifying patients who did 
not achieve SVR12. Across 20 Phase 2/3 clinical trials of G/P, SVR4 was highly predic-
tive of SVR12. Long-term follow-up to confirm SVR may not be necessary for certain 
populations of patients with HCV.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
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1  |  INTRODUC TION

Approximately 71  million people have chronic hepatitis C virus 
(HCV) infection globally.1 In 2016, the World Health Organization 
(WHO) set an international target of reducing new chronic HCV in-
fections by 90%, and mortality from HCV by 65%, by 2030.2 To meet 
these targets, the HCV care cascade needs to be simple, targeted 
and patient-centred.3

WHO guidelines recommend that all adults with chronic 
HCV receive treatment with pangenotypic direct-acting antivi-
rals (DAAs).4 Combinations of these drugs result in high levels 
of sustained virologic response (SVR) at posttreatment Week 
12 (SVR12), with minimal safety concerns and short treatment 
durations.5-10

Glecaprevir/pibrentasvir (G/P) is a fixed-dose pangenotypic DAA 
combination approved for the treatment of HCV genotypes (GT) 1–
6.5,11 Data from clinical trials and real-world studies have shown G/P 
to be highly effective and well tolerated in a broad range of patients 
without cirrhosis and those with compensated cirrhosis (CC),12-16 
over treatment durations as short as 8 weeks.5,17,18

Ensuring patients initiate and maintain HCV treatment without 
becoming lost to follow-up (LTFU) is a concern for treatment pre-
scribers.19 Although the numbers of patients becoming LTFU during 
clinical trials for pangenotypic regimens tend to be low,20 real-world 
data suggest LTFU rates for patients receiving DAA therapy can be 
much higher in clinical practice.21  This can significantly impact on 
the HCV care cascade,22 with studies suggesting that becoming 
LTFU can contribute to a lack of SVR.21

The characteristics of patients with HCV is evolving, with pa-
tients becoming progressively younger and with less advanced liver 
disease, potentially reducing the need for long-term posttreatment 
monitoring.23,24 Consequently, patients and/or providers may be 
less motivated to adhere to robust posttreatment visit schedules. 
Furthermore, marginalized patients, who are often disengaged from 
health care, constitute a large and rapidly growing subgroup of newly 
diagnosed HCV infections.25 This, coupled with an increase in HCV 
treatment providers practicing in nontraditional settings,26  means 
that long-term follow-up may present challenges for some.

The length of posttreatment follow-up to define cure, pre-
viously defined as SVR at posttreatment Week 24 (SVR24), was 
shortened upon demonstration of high concordance rates of SVR12 
with DAAs.27,28 However, due to the high SVR12 rates expected 
across all groups of patients treated with pangenotypic DAAs, the 
utility of SVR12 monitoring has been questioned with the latest 
clinical practice guideline updates from the European Association 
for the Study of the Liver (EASL) indicating that SVR12  may be 

omitted if the patient is adherent to therapy (except in those with 
high-risk behaviours and risk of reinfection).29 Nevertheless, there 
remains an evidence gap on how early response correlates with 
SVR12; understanding the frequency of late relapse (after post-
treatment Week 4) would provide reassurance to treatment pro-
viders that long-term follow-up may be dispensable if proven to be 
low. This could particularly benefit marginalized patients in whom 
long-term follow-up can be problematic.

This analysis aimed to determine the positive predictive value 
(PPV) of SVR at posttreatment Week 4 (SVR4) for achieving SVR12 
in patients with HCV without cirrhosis or with CC receiving G/P in 
clinical trials.

2  |  METHODS

2.1  |  Study design

Two analyses were performed on the same integrated dataset col-
lected from 20 Phase 2 and 3 clinical trials of G/P (Table S1): (1) 
patients receiving G/P for treatment durations (8, 12 or 16 weeks) 
consistent with then current prescribing information in the region 
the patient received treatment11,30 (label-consistent group); and 
(2) all patients, regardless of whether their treatment duration 
was consistent with then current prescribing information in the 
region the patient received treatment11,30 (overall group). Clinical 
trials included in this analysis represented a wide range of patient 
types, including paediatric patients as young as age 12 years; pa-
tients with compensated cirrhosis, HIV coinfection, chronic kidney 

Significance statement

Patients with hepatitis C virus (HCV) are presenting 
younger and with milder liver disease, potentially reducing 
the need for long-term liver posttreatment monitoring. This 
study of 20 Phase 2/3 clinical trials of glecaprevir/pibren-
tasvir (G/P) found that sustained virologic response at post-
treatment Week 4 (SVR4) was highly predictive of SVR12 in 
patients with HCV, without cirrhosis or with compensated 
cirrhosis. The concordance between SVR4 and SVR12 for 
patients treated with G/P for treatment durations as short 
as 8 weeks provides reassurance that long-term follow-up 
of patients with HCV may not be necessary for patients 
without ongoing risk for advanced liver disease.
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disease and organ transplantation; and patients enrolled in East 
Asian countries.

2.2  |  Study population

Study population included patients with HCV ribonucleic acid 
(RNA) measures available both at posttreatment Week 4 and at 
posttreatment Week 12. For this analysis, patients with HCV rein-
fection, those who received doses of G/P other than 300/120 mg 
once daily, or any combination that also included ribavirin or sofos-
buvir were excluded. Lastly, patients who were DAA-experienced 
to NS3/4A protease inhibitors or NS5A inhibitors were also 
excluded.

2.3  |  Outcomes

The PPV, negative predictive value (NPV), sensitivity and specific-
ity of SVR4 were calculated for achieving SVR12 in both the label-
consistent and the overall group (Figure 1), as well as by treatment 
duration (8, 12 or 16 weeks) in the label-consistent group.

2.4  |  Statistical definitions and analysis

PPV was defined as the proportion of patients with SVR12 among 
those with SVR4, while NPV was defined as the proportion of pa-
tients without SVR12 among those without SVR4. Sensitivity was 
defined as the proportion of patients with SVR4 among those with 
SVR12, and specificity was defined as the proportion of patients 
without SVR4 among those without SVR12 (Figure 1). The SVR rate 
was calculated as the number of patients with HCV RNA less than 
the lower limit of quantification (LLOQ)/total number of patients in 
the intention-to-treat population. For SVR measures, the last value 
in the analysis time window was used. A sensitivity analysis handled 
missing data as treatment failure.

All statistical analyses were conducted using the SAS® software 
package (version 9.4; SAS Institute Inc., Cary, NC, USA).

3  |  RESULTS

3.1  |  Baseline demographics

A total 4390 patients were included in the overall group and 2890 in 
the label-consistent group with 2582, 218 and 90 patients receiving 
G/P for 8, 12 and 16 weeks, respectively. Overall, the baseline de-
mographics of both groups were closely matched, with the majority 
of patients being male (54.9% and 54.9%, respectively), treatment-
naive (78.9% and 78.4%, respectively) and with HCV GT1 (47.7% and 
52.4%, respectively). The only discernible difference was in the G/P 
duration received by each group. A total of 58.8% of patients re-
ceived 8-week G/P in the overall group compared with 89.3% in the 
label-consistent group (Table 1).

3.2  |  SVR4 and SVR12 rates

In the overall group, 99.2% of patients achieved SVR4 and 99.0% 
achieved SVR12, whereas in the label-consistent group, the rates 
were 99.1% and 98.9%, respectively. Within the label-consistent 
group, the proportion of patients achieving SVR was >93% for all 
treatment durations at both posttreatment Weeks 4 and 12.

3.3  |  The PPV, NPV, sensitivity and specificity of 
SVR4 for achieving SVR12

The PPV of SVR4 for achieving SVR12 was >99% in both the label-
consistent and overall groups and did not differ by treatment dura-
tion, indicating that >99% of patients who achieved SVR4 went on 
to achieve SVR12. No patients who failed to achieve SVR4 went on 
to achieve SVR12, as demonstrated by the NPV of 100% for both 
groups (Figure 2).

Sensitivity was 100% for both groups, indicating that all patients 
who achieved SVR12 had also achieved SVR4. The SVR4 measure 
had 79.5% specificity for identifying patients who did not achieve 
SVR12, indicating that only 1 of 5 patients who relapse do so after 
the SVR4 timepoint. (Figure 2).

F I G U R E  1  Definition of PPV, NPV, sensitivity and specificity for SVR4 versus SVR12. Abbreviations: NPV, negative predictive value; 
PPV, positive predictive value; SVR4, sustained virologic response at posttreatment Week 4; and SVR12, sustained virologic response at 
posttreatment Week 12
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3.4  |  Sensitivity analysis

When missing data were treated as failures, similar results were seen 
across all groups. PPV and NPV were ≥99.1% and ≥98.4%, respec-
tively. Sensitivity was >99.9%, and specificity ranged from 50.0% in 
the label-consistent group treated with 12-week G/P to 100% in the 
label-consistent group treated with 16-week G/P (Figure 3).

3.5  |  Characteristics of non-SVRs after 
posttreatment week 4

Among 4337 patients in the overall analysis, 9 of those that achieved 
SVR4 did not achieve SVR12, including 1 patient with reinfection 
detected by phylogenetic analysis after the database lock and clini-
cal study report finalization, and 1 patient who discontinued treat-
ment after just 18 days of G/P. Taking this into consideration, the 
adjusted overall specificity of SVR4 for SVR12 was 83.3%.

Among the remaining 7 patients who relapsed (1 GT1a, 2 GT2, 
2 GT3a, 1 GT3k and 1 GT5a), there were no distinctive commonali-
ties predictive of late relapse. Treatment durations included 3 each 
receiving 8- and 12-week G/P, and 1 receiving 16-week G/P. Five 
had F0–1 fibrosis, 1 had F2 fibrosis, and 1 had F4 fibrosis. The mean 
platelet count was 194 × 109/L, and the mean baseline viral load was 
6.89 log10 IU/mL. All 7 patients were <LLOQ on treatment at Week 
4, and all were DAA compliant.

4  |  DISCUSSION

Data from both clinical trials and real-world studies have demon-
strated that G/P is a well-tolerated and effective therapy in patients 
with chronic HCV and CC and in those without cirrhosis.31 Treatment 
failure can be due to on-treatment breakthrough but is more often 
related to posttreatment relapse.32 This current analysis found that 
for patients receiving G/P treatment within a clinical trial setting, 

Characteristic Overall group (n = 4390)
Label-consistent group 
(n = 2890)

Male 2412 (54.9) 1587 (54.9)

Age (years), median (range) 54.0 (12.0–88.0) 54.0 (12.0–88.0)

HCV genotype

1 2096 (47.7) 1513(52.4)

2 962 (21.9) 651 (22.5)

3 884 (20.1) 485 (16.8)

4/5/6 230 (5.2)/56 (1.3)/162 (3.7) 103 (3.6)/24 (0.8)/114 (3.9)

Baseline HCV RNA (IU/ml)

<1,000,000 1628 (37.1) 1007 (34.8)

≥1,000,000 2762 (62.9) 1883 (65.2)

Prior HCV treatment history

Treatment-naïve 3464 (78.9) 2266 (78.4)

Treatment-experienced 926 (21.1) 624 (21.6)

DAA compliancea  4026 (91.7) 2652 (91.8)

Cirrhosis 907 (20.7) 515 (17.8)

Injection drug use

Yes, unknown 285 (6.5) 189 (6.5)

Yes, ≤12 months 62 (1.4) 35 (1.2)

Yes, >12 months 941 (21.4) 564 (19.5)

No 3102 (70.7) 2102 (72.7)

G/P regimen

8 weeks 2582 (58.8) 2582 (89.3)

12 weeks 1718 (39.1) 218 (7.5)

16 weeks 90 (2.1) 90 (3.1)

Note: All results are n (%) unless otherwise stated; percentages are calculated from non-missing 
values.
Abbreviations: DAA, direct-acting antiviral; G/P, glecaprevir/pibrentasvir; HCV, hepatitis C virus; 
RNA, ribonucleic acid.
aCompliance was calculated as the percentage of tablets taken relative to the total number of 
tablets expected to be taken. Compliance was defined as a calculated percentage between 80% 
and 120%.

TA B L E  1  Demographic and clinical 
characteristics
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most relapses occur within the first 4 weeks of treatment comple-
tion and achieving SVR4 was highly predictive of SVR12, regard-
less of treatment duration. These findings are similar to those from 

previous studies of patients treated with sofosbuvir-containing regi-
mens where PPV of SVR4 for achieving SVR12 was >98% and NPV 
was 100%.28

F I G U R E  2  Percentage of patients 
achieving SVR4 and SVR12 by dataset 
and treatment duration and concordance 
of SVR at posttreatment Weeks 4 and 
12. Abbreviations: G/P, glecaprevir/
pibrentasvir; NPV, negative predictive 
value; PPV, positive predictive value; SVR, 
sustained virologic response; SVR4, SVR 
at posttreatment Week 4; and SVR12, 
SVR at posttreatment Week 12

F I G U R E  3  Percentage of patients 
achieving SVR4 and SVR12 by dataset 
and treatment duration and concordance 
of SVR at posttreatment Weeks 4 and 12 
(sensitivity analysis—imputation of missing 
data as failures). Abbreviations: G/P, 
glecaprevir/pibrentasvir; NPV, negative 
predictive value; PPV, positive predictive 
value; SVR, sustained virologic response; 
SVR4, SVR at posttreatment Week 4; and 
SVR12, SVR at posttreatment Week 12
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During the present analysis, all measures of concordance were 
similar between the overall group and the label-consistent group, 
regardless of treatment duration received. This included SVR4 and 
SVR12 rates >99% and high PPV (99.8%) and NPV (100%) for the 8-
week treatment duration group, indicating the high effectiveness of 
this short treatment regimen. These results are to be expected be-
cause 8-week G/P has demonstrated high rates of SVR12 in various 
subgroups of patients with or without CC, in both clinical trial and 
real-world settings.12,17,18,33

The high degree of concordance between SVR4 and SVR12 
observed in the present study provide reassurance for both pa-
tients and providers that posttreatment SVR monitoring and long-
term follow-up may be not necessary for some populations of 
patients with HCV treated with G/P. This is in line with the latest 
EASL guidelines which deem that SVR12 ‘can be omitted’ across 
all groups of patients without cirrhosis or with CC, if adherent to 
pangenotypic DAA therapy.29 However, for those patients with 
unexplainable abnormal liver function, more advanced liver dis-
ease, ongoing high-risk behaviours, or hepatocellular carcinoma, 
follow-up for reinfection and/or disease progression remains 
important.29,34,35

In the past, HCV treatment has necessitated a high degree of 
continuous care, to which many at-risk populations found it diffi-
cult to follow. Removing the need for posttreatment SVR monitoring 
could potentially allow for the expansion of treatment into popula-
tions where extensive follow-up is more difficult to conduct, such 
as persons who inject drugs, homeless patients and other marginal-
ized groups. This approach is supported by a previous study, which 
showed that a lack of posttreatment follow-up had no impact on 
SVR rates when compared with those with adequate follow-up.36 
However, it is important to note that marginalized patient groups are 
those at highest risk of reinfection,37 and for whom further interval 
testing may yield greatest benefit through early re-treatment and 
reinforcement of harm reduction measures, along with identification 
and treatment of infection among injecting peers.

There are several initiatives to simplify the model of care for HCV 
that are in operation globally. These include the use of telemedicine 
and treatment delivered by nonmedical primary care providers (such 
as addiction specialists and social workers).3 Reducing the need for 
long-term follow-up for some patient populations would further sim-
plify HCV care which, when combined with the shorter treatment 
durations associated with DAA therapy, may lead to an increase 
in patient populations who were previously unwilling or unable to 
access treatment engaging with HCV treatment programmes.2 The 
simplification of care has the potential to allow for better resource 
allocation, enabling for further expansions in the number of health 
care providers and facilitating improvements in access and linkage 
to HCV care.26

A strength, and perhaps also a limitation for real-world interpre-
tation of these data, is that these datasets were collected from G/P 
clinical trials in which adherence to study visits contributed to min-
imal missing data. Under these conditions, where compliance was 

documented, SVR4 was shown to robustly predict SVR12. However, 
it is important to note that extrapolating datasets from clinical tri-
als to populations where compliance may not be assured, such as 
people who inject drugs, must be done with caution. The sensitiv-
ity analysis including missing data as a nonresponder continued to 
demonstrate high PPV of SVR4 for SVR12.

The simplification of the HCV care cascade has the poten-
tial to improve outcomes for a wide range of patients. Our anal-
ysis demonstrates concordance between SVR4 and SVR12 for 
patients treated with G/P for treatment durations as short as 
8  weeks, providing reassurance that long-term follow-up of pa-
tients with HCV is no longer necessary. Simplification of the HCV 
care cascade has the potential to improve outcomes for a wide 
range of patients by allowing for the reallocation of healthcare re-
sources and reducing the risk of patients becoming LTFU, thereby 
contributing towards the elimination of HCV as a major public 
health threat.
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