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Background. Treatment of genotype 1 hepatitis C virus (HCV) infection with combination directly acting antivirals (DAA) for
8–24 weeks is associated with high rates of sustained virologic response (SVR). We previously demonstrated that adding a third DAA
to ledipasvir and sofosbuvir (LDV/SOF) can result in high SVR rates in patients without cirrhosis. In this study, we investigated
whether a similar regimen would yield equivalent rates of cure in patients with advanced liver fibrosis.

Methods. Fifty patients were enrolled at the Clinical Research Center of the National Institutes of Health and associated health-
care centers. Enrollment and follow-up data from April 2014 to June 2015 are reported here. Eligible participants were aged ≥18
years, had chronic HCV genotype 1 infection (serum HCV RNA ≥2000 IU/mL), and stage 3–4 liver fibrosis. HCV RNA was mea-
sured using a reverse-transcription polymerase chain reaction assay.

Results. Of patients treated with LDV, SOF, and the NS3/4A protease inhibitor GS-9451 for 6 weeks, 76% (38 of 50; 95% con-
fidence interval, 60%–85%) had SVR achieved 12 weeks after the end of treatment. There was no statistically significant difference in
treatment efficacy between treatment-naive patients (72%, 18 of 25) and those with treatment experience (80%; 20 of 25) (P = .51).
Overall, 11 patients (22%) experienced virologic relapse, and 1 (2%) was lost to follow-up at 4 weeks after treatment. No serious
adverse events, discontinuations, or deaths were associated with this regimen.

Conclusions. Adding a third DAA to LDV/SOF may result in a moderate SVR rate, lower than that observed in patients without
cirrhosis. Significant liver fibrosis remains an impediment to achieving SVR with short-duration DAA therapy.
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The treatment of genotype 1 chronic hepatitis C virus (HCV)
infection has undergone a rapid shift, culminating in safe and
effective directly acting antiviral (DAA) therapy. Previous in-
terferon-based regimens resulted in sustained virologic re-
sponse (SVR) rates ranging from 50% with ribavirin [1, 2] to
80% with telaprevir or boceprevir [3–5]. In 2013, Osinusi
et al [6] demonstrated that therapy could be shortened to
24 weeks using sofosbuvir (SOF, an HCV NS5B inhibitor)
and ribavirin, with SVR rates of 68%. In 2014, 2 interferon-
and ribavirin-free regimens were approved for treatment of
patients with HCV genotype 1 infection in the United States,

each with response rates of >90% when administered for
12–24 weeks [7–10].

Despite this success, the significant costs associated with sec-
ond-generation DAA agents [11], along with known decline in
medication adherence seen in longer courses of treatment [12],
have led to significant interest in short-duration therapy. A com-
bination of the NS5A inhibitor ledipasvir (LDV) with SOF for
8 weeks demonstrated higher rates of relapse compared with
12 weeks in noncirrhotic, treatment-naive (TN) patients [13].
Subsequently, in a proof-of-concept investigation, Kohli and col-
leagues [14] found that adding a third DAA for 6 weeks of ther-
apy produced SVR rates of 95% in TN patients without cirrhosis.
Notably, augmented viral kinetics were seen in the arm using the
serine NS3/4A protease inhibitor GS-9451 as the third agent.

However, it remains unclear whether the success of 6-week
therapy can be generalized to include patients with advanced
fibrosis or cirrhosis, particularly those with prior treatment
experience. Determining which specific patient populations
respond to short-duration therapy is critical to potentially opti-
mize the cost-effectiveness of HCV therapy.
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We conducted a phase IIA clinical trial to evaluate the effi-
cacy, safety, and tolerability of LDV, SOF, and GS-9451 for
6 weeks in TN and treatment-experienced (TE) patients with
advanced liver fibrosis and chronic HCV genotype 1 infection,
and to explore which host and viral factors mediate response.

METHODS

Patients and Study Design
Fifty patients were enrolled at the Clinical Research Center of
the National Institutes of Health (NIH) and associated health-
care centers. Enrollment and follow-up data from April 2014 to
June 2015 are reported here. Eligible participants were aged ≥18
years of age and had chronic HCV genotype 1 infection (serum
HCV RNA, ≥2000 IU/mL) and stage 3–4 liver fibrosis as dem-
onstrated by liver biopsy or by a combination of FibroSure test
and aspartate aminotransferase–platelet ratio index. Written or
oral informed consent was obtained from all participants during
screening and enrollment. Full eligibility criteria are included in
Supplementary Appendix 1.

Study Design
Twenty-five TN and 25 TE patients were sequentially enrolled
and treated for 6 weeks with 90 mg of LDV coformulated with
400 mg of SOF as a single tablet, along with a second 80-mg
tablet of GS-9451, both taken once daily. Study medications
were stopped if HCV RNA had not declined by >2 log10 at week
4, unless such a decline was below the lower limit of quantification
(LLOQ). Adherence was assessed by self-report at each visit.

Study Funding and Oversight
The study was approved by the Institutional Review Board of
the National Institute of Allergy and Infectious Diseases
(NIAID) and was conducted in compliance with the Good Clin-
ical Practice guidelines, the Declaration of Helsinki, and regula-
tory requirements. The NIAID Office of Clinical Research
Policy and Regulatory Operations served as the study sponsor
and medical monitor.

Efficacy Assessments
Serum HCV RNA levels were measured using a reverse-
transcription polymerase chain reaction assay (Roche COBAS
TaqMan HCV RNA assay version 2.0) with an LLOQ of
25 IU/mL and a lower limit of detection of 15 IU/mL. Plasma
HCV RNA levels were also measured at multiple time points
using the Abbott RealTime HCV assay, with an LLOQ of
12 IU/mL.

Safety Assessments
Adverse events and clinical laboratory results were recorded
throughout the study. Adverse events were graded from
1 (mild) to 4 (severe), according to the NIAID Division of
AIDS toxicity table, version 1.0 [15].

IL28B and IFNL4 Genotyping
Whole blood was collected using PAXgene Blood DNA tubes
(Qiagen) and stored at −80°C until DNA extraction with the
Paxgene Blood DNA Kit (PreAnalytiX, a Qiagen/BD Company)
and genotyping was performed as described elsewhere [14].

Clinical End Points
The primary efficacy end point was the proportion of partici-
pants with plasma HCV RNA below the LLOQ 12 weeks after
treatment completion (SVR12) as shown by the Roche assay.
The primary safety end point was the frequency and severity
of adverse events. Secondary end points include the proportion
of participants with unquantifiable HCV RNA at specified time
points, treatment discontinuations due to adverse events and
safety laboratory changes, and evaluation of HCV resistance-
associated variants (RAVs) at baseline in all patients and at
viral relapse for applicable patients. A post hoc comparison of
viral kinetics between patient cohorts was also performed.

Deep Sequencing of HCV
Deep sequencing of the HCV NS3/NS4, NS5A and NS5B genes
(at ≥5000 readings) to identify RAVs was performed by the
DDL Diagnostics Laboratory using Illumina MiSeq technology,
as described elsewhere [6]. This sequencing was completed
using samples collected at baseline in all patients and at the
time of virologic failure in patients with relapse.

Statistical Analysis
The primary efficacy and safety end points were based on an in-
tention-to-treat analysis and included all patients who received
≥1 dose of study medication. Sample size was calculated to pro-
vide a sufficiently high probability (≥10%) of observing ≥1 ad-
verse event and with prespecified confidence intervals (CI) for
estimates of efficacy assuming 25 patients in each cohort. With
25 patients in each cohort, if the true probability of an adverse
event due to a regimen is ≥10%, there exists a 93% chance of
observing ≥1 such adverse event. With a sample size of 25, if
SVR12 is achieved in all patients, the 95% CI for that estimate
is 86%–100%.

Baseline demographics were compared using t tests for con-
tinuous outcomes and Fisher and χ2 tests for binary outcomes.
The observed declines in HCV load in the 2 arms of this study
were compared using t tests. A univariate analysis of predictors
of treatment outcome (SVR12) was performed using t tests for
continuous variables and χ2 or Fisher exact tests for categorical
variables. Univariate logistic regression was used to model the
crude association between SVR12 and baseline host and viral
factors with odds ratios and 95% CI. Analyses were performed
using PRISM 6.0, S-Plus 8.0, and SAS 9.3 software, with differ-
ences considered statistically significant at P = .05.

RESULTS

Of 68 participants screened, 50 were enrolled in this study
(Figure 1).
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Baseline Characteristics of Participants
Baseline characteristics were largely similar between patient co-
horts in this study (Table 1). Participants were predominantly
black (60%; 30 of 50) and male (66%; 33 of 50), and most
had the IL28B non-CC (70%; 35 of 30) or IFNL4 non-TT/TT
genotype (96%; 48 of 50) and were infected with HCV genotype
1a (74%; 37 of 50). Twenty-two percent (11 of 50) had high
baseline plasma HCV RNA levels (>6 million IU/mL by
Roche assay). Fifty-four percent (27 of 50) had stage 3 liver dis-
ease, and 44% (22 of 50) had stage 4 disease. All patients with
prior treatment experience (n = 25) had been treated with pegy-
lated interferon plus ribavirin (44% were nonresponders, 36%
experienced relapse, and 20% could not tolerate therapy due
to adverse events).

Adherence
By self-report, 18% of patients (5 in the TN cohort and 4 in the
TE cohort) missed ≥2 doses of any study medication during the
6-week therapy (range, 2–14 missed doses; median, 2 missed
doses). Forty-one patients (82%) had no missed doses. There
was no significant difference in adherence between the 2 co-
horts (P > .99).

Virologic Response
Of patients treated with LDV, SOF, and GS-9451 for 6 weeks,
SVR12 was achieved in 76% (38 of 50; 95% CI, 60%–85%).
There was no significant difference in treatment efficacy be-
tween TN patients (72%; 18 of 25) and TE patients (80%; 20
of 25) (P = .51). Overall, 11 patients (22%) experienced virologic
relapse; in the TN cohort, 1 patient (2%) was lost to follow-up 4
weeks after treatment.

On-Treatment and End-of-Treatment Response
There was no difference in early HCV decline (Figure 3) or by
weeks 2 and 4 between the 2 patient cohorts (Supplementary
Figure 1). At week 4 of treatment, 84% of TN participants (21
of 25) had HCV RNA levels below the LLOQ, compared with
88% (22 of 25) in the TE cohort. At week 6, the end of treatment,
92% in each group (23 of 25) had unquantifiable HCV RNA
(Figure 2). Viral load measurements were not obtained at the
week 6 visit in 2 patients in the TN cohort and 1 in the TE cohort.
In 1 TE patient with detectable HCV RNA (86.3 IU/mL at the
end of treatment), the level continued to decline after treatment
(to 16.2 IU/mL and below the LLOQ at weeks 2 and 4 after treat-
ment respectively), and SVR12 was ultimately achieved.

Figure 1. Patient disposition. Abbreviation: eGFR, estimated glomerular filtration rate.
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Timing of Viral Relapse
Of the 7 TN patients without SVR, relapse occurred in 1 by
week 2 after treatment (4%), in 3 by week 4 after treatment

(13%), and in 2 by week 12 after treatment (8%). One patient
had undetectable HCV RNA at week 4 after treatment but
was then lost to follow-up. Of the 5 TE patients without SVR,
relapse occurred in 2 by week 2 after treatment (9%), 1 by week
4 after treatment (4%), and 2 by week 12 after treatment (9%).

Analysis of Viral Mutants Associated With Resistance to DAAs Used in
the Study
Baseline analysis of RAVs to the study agents was performed in
all 50 patients, with a lower limit of detection of 1% mutant
population prevalence. In addition, viral mutants were analyzed
in 11 patients with confirmed viral relapse at the time of relapse.
RAVs at baseline and at relapse are summarized in Supplemen-
tary Tables 1A and 1B.

At baseline, 11 patients (22%; 11 of 50) had NS3/4 or NS5A
viral mutants conferring >5-fold resistance to GS-9451 or LDV,
respectively. SVR was achieved in 73% of these patients (8 of 11)
and 77% of those without high-level RAVs (30 of 39). Of the
11 patients in either arm with viral relapse, 27% had high-
level RAVs (3 of 11), and 73% (8 of 11) did not (P = .69). A
total of 19 patients had NS3/4 RAVs at baseline, conferring
<5-fold resistance to GS-9451. Of the 13 patients with Q80K
mutation, all were infected with HCV genotype 1a; 18% (2 of
13) experienced viral relapse, compared with 30% (8 of 27)
of patients with genotype 1a without Q80K. There were no
identified variants with resistance to SOF in baseline or relapse
samples.

At relapse, frequencies of RAVs were also determined and
classified as emerged (those not present at baseline) or enriched
(those increased in frequency). Among 11 patients in whom re-
lapse occurred after the completion of therapy, 18% (2 of 11)
had maintained NS5A or NS3/4 RAVs, 27% (2 of 11) had en-
riched NS5A mutants, and 27% (2 of 11) had emergence of new
NS5A RAVs.

One TE patient (Supplementary Table 1B; patient 25) with
baseline R155K and L31M mutants and relapse 2 weeks after
treatment completion had emergence of 4 additional NS5A
RAVs, together conferring >1000-fold resistance to LDV in
vitro. A second TE patient (Supplementary Table 1B; patient
12) took a single dose of study medication but discontinued
treatment owing to grade 4 laboratory results at baseline. This
patient was monitored with analysis of viral mutants at week 10,
which demonstrated emergence of 5 distinct NS5A mutants, to-
gether conferring >1000-fold resistance to LDV in vitro.

Predictors of Treatment Outcome by Combined Univariate Analysis
The relationship between SVR12 and various baseline factors
was assessed through univariate analysis in both TN and TE pa-
tients (Table 2). Patients with SVR12 were slightly younger than
those who without SVR12 (mean age, 57.3 vs 60.5 years;
P = .02). Host factors, including female sex (P = .18), IL28B ge-
notype (P = 1.0), IFNL4 genotype (P = 1.0), and body mass
index (P = .58), self-reported nonadherence of missing ≥2

Table 1. Baseline Demographic and Clinical Characteristics of Study
Participants

Characteristic

Participants, No. (%)a

P
Value

Treatment
Naive
(n = 25)

Treatment
Experienced

(n = 25)

Age, mean (SD), y 57.3 (5.6) 58.8 (3.3) .25

Male 18 (72) 15 (60) .37

Raceb

Black 20 (80) 10 (40) .01

White 4 (16) 13 (52)

Other (multiracial or unknown) 1 (4) 2 (8)

Ethnicityb

Hispanic 0 (0) 3 (12) .23

Non-Hispanic 25 (100) 22 (88)

BMI, mean (SD) 29.9 (4.9) 31.2 (8.1) .49

HCV genotypec

1a 15 (60) 23 (92) .02

1b 9 (36) 2 (8)

1a or 1b 1 (4) 0 (0)

HCV RNA >6 million IU/mL 6 (24) 5 (20) .73

IL28B genotype

CC 5 (20) 10 (40) .15

CT 17 (68) 10 (40)

TT 3 (12) 5 (20)

IFNL4 genotype

TT/TT 1 (4) 1 (4) .85

ΔG/TT 21 (84) 19 (76)

ΔG/ΔG 3 (12) 5 (20)

Knodell HAI, METAVIR, or FibroSure
fibrosis scored

1 1 (4)e 0 (0) .78

2 0 (0) 0 (0)

3 14 (56) 13 (52)

4 10 (40) 12 (48)

Presence of NS3, NS5A, or NS5B RAV
with >5-fold resistance

No 20 (80) 19 (76) .73

Yes 5 (20) 6 (24)

Abbreviations: BMI, body mass index; HAI, histology activity index; HCV, hepatitis C virus;
RAV, resistance-associated variant; SD, standard deviation.
a Data represent No. (%) of participants unless otherwise specified.
b Race and ethnicity were self-reported.
c HCV genotyping was inconclusive in 1 treatment-naive patient, who may have been
infected with HCV genotype 1a or 1b/6.
d Liver biopsy was required in patients in whom a FibroSure score of >0.48 and an aspartate
aminotransferase–platelet ratio index (APRI) of >1 within 6 months of screening were not
available or in whom these results were discordant. In the treatment-naive cohort, 2
patients (8%) met FibroSure/APRI eligibility criteria, 10 (40%) had liver biopsy specimens
scored using the Knodell HAI system, and 13 (52%) had specimens scored using the
METAVIR scoring system. In the treatment-experienced cohort, liver fibrosis scoring was
completed with FibroSure/APRI in 4 patients (16%), with Knodell HAI in 9 (36%), and with
METAVIR in 12 (48%). Fibrosis scores reported as 2.5 or 2–3 were categorized as stage 3,
and those reported as 3–4 or 3.5–4 were categorized as stage 4.
e One patient was deemed eligible for the study because of stage 3 fibrosis shown by the
METAVIR scoring system before enrollment. However, this patient was deemed to have
stage fibrosis 1 after the slide was read again at the National Institutes of Health using the
Knodell HAI system.
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doses (P = 1.13), and F3 fibrosis (P = 2.05), were not associated
with SVR12. Baseline viral factors previously associated with
higher response rates [16], including genotype 1b (P = .25),

HCV load of <6 million IU/mL (P = 1.0), and lack of high-
level RAVs (P = 1.0) were not found to affect rates of SVR12
in this combined cohort.

Figure 2. Patients with hepatitis C virus (HCV) RNA levels below the lower level of quantification (LLOQ) at various times during treatment and follow-up. Abbreviations: EOT,
end of treatment; SVR2, SVR4, and SVR12, sustained virologic response at 2, 4, and 12 weeks after the EOT.

Figure 3. Early viral kinetics. Abbreviation: HCV, hepatitis C virus.
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Safety
Forty-nine of the 50 patients from both TN and TE arms com-
pleted therapy. Adverse events were recorded as any related event
after day 0 until 30 days after treatment completion. In the TE
arm, one grade 3 adverse event occurred: 1 patient with diabetes
mellitus experienced hyperglycemia, which decreased in grade
over time. In the TN arm, 1 patient had an asymptomatic in-
crease in alanine aminotransferase level, without other associated
abnormalities, and another patient had an elevated serum creat-
inine level. Both adverse events resolved without intervention.

Three serious adverse events occurred during the study peri-
od, all deemed unrelated to study drugs. One patient with grade
4 platelets on day 0 inadvertently received 1 dose of medication.
Study drugs were discontinued with stabilization of platelet
count; the patient was followed up monthly until the patient
withdrew consent and was treated according to the standard
of care in the community. There were 2 serious adverse events,
both occurring after completion of drug treatment; 1 patient
had an episode of angina pectoris, and another experienced in-
fectious colitis that resolved with antibiotic therapy. No patient
discontinued therapy owing to a drug-related adverse event, and
no deaths occurred in the course of this study.

DISCUSSION

In this phase II clinical trial, the use of the NS3/4 protease in-
hibitor GS-9451 in combination with the NS5A inhibitor LDV
and NS5B inhibitor SOF administered for 6 weeks was moder-
ately effective, with SVR12 achieved in 76% of patients (38 of
50) and without an observed difference in response rate be-
tween TN (72%; 18 of 20) and TE (80%; 20 of 25) patients.
Twenty-two percent of patients (11 of 50) experienced viral re-
lapse. The therapy was safe and well tolerated, with no grade 4
events, serious adverse events, or discontinuations related to
study drugs.

Table 2. Baseline Predictors of Treatment Outcome (SVR12)

Predictors

Treatment-Naive Patients Treatment-Experienced Patients All Patients

SVR12
(n = 18)

No SVR12a

(n = 7)
P

Values
SVR12
(n = 20)

No SVR12
(n = 5)

P
Values

SVR12
(n = 38)

No SVR12b

(n = 12)
P

Values OR (95% CI)

Host factors

Age, mean, y 55.9 61.0 .02 58.6 59.8 .46 57.3 60.5 .02 0.82 (.68–.99)

Female, No. (%) 7 (39) 0 (0) .13 8 (40) 2 (40) >.99 15 (39) 2 (17) .18 3.26 (.63–17.01)

Black, No. (%) 3 (17) 1 (14) >.99 8 (40) 2 (40) >.99 11 (29) 3 (25) >.99 1.22 (.28–5.38)

BMI, mean, kg/m2 30.3 28.8 .41 31.4 30.7 .80 30.9 29.6 .58 1.03 (.93–1.15)

IL28B CC genotype, No. (%) 3 (17) 2 (29) .60 8 (40) 2 (40) >.99 11 (29) 4 (33) >.99 0.82 (.20–3.27)

IFNL4 TT/TT genotype, No. (%) 1 (5) 0 (0) >.99 1 (5) 0 (0) >.99 2 (5) 0 (0) >.99 ∞
Baseline LDL, mean, mg/dL 83.4 72.6 .37 69.9 40.0 .05 76.3 60.7 .12 1.02 (.99–1.05)

Baseline hemoglobin A1C,
mean, mmol/mol, derived (%)

5.9 5.8 .81 5.9 6.0 .84 5.9 5.9 .98 1.01 (.48–2.12)

Liver fibrosis score 3, No. (%) 10 (59) 4 (57) >.99 12 (60) 1 (20) .16 22 (59) 5 (42) .28 2.05 (.55–7.70)

Self-reported nonadherence
(≥2 missed doses), No. (%)

3 (17) 2 (29) .60 4 (20) 0 (0) .55 7 (18) 2 (17) >.99 1.13 (.20–6.34)

Viral factors

HCV genotype 1b, No. (%) 9 (50) 1 (14) .34 2 (10) 0 (0) >.99 11 (29) 1 (8) .25 4.48 (.52–39.01)

Baseline HCV RNA <6 million
IU/mL, No. (%)c

14 (78) 5 (71) >.99 16 (80) 4 (80) >.99 30 (79) 9 (75) >.99 1.25 (.27–5.73)

Absence of NS3, NS5A, or NS5B
RAV with >5-fold resistance,
No. (%)

14 (78) 6 (86) >.99 16 (80) 3 (60) .56 30 (79) 9 (75) >.99 1.25 (.27–5.73)

Abbreviations: BMI, bodymass index; CI, confidence interval; HCV, hepatitis C virus; LDL, low-density lipoprotein; OR, odds ratio; RAV, resistance-associated variant; SVR12, sustained virologic
response at 12 weeks after treatment completion.
a The no-SVR12 group includes 1 patient lost to follow-up and 6 who experienced virologic relapse.
b The no-SVR12 group includes 1 patient lost to follow-up and 11 who experienced virologic relapse.
c By Roche assay.

Table 3. Adverse Events and Laboratory Abnormalities During Treatment
Period

Adverse Events

Patients, No. (%)

Treatment Naive
(n = 25)

Treatment Experienced
(n = 25)

Any adverse event 25 (100) 25 (100)

Grade 3 or 4 10 (40) 10 (40)

Grade 2, 3, or 4 23 (92) 25 (100)

Treatment related 14 (56) 21 (84)

Grade 3 or 4 2 (8) 1 (4)

Grade 2, 3, or 4 6 (24) 7 (28)

Serious adverse event 0 (0) 3 (12)

Treatment related 0 (0) 0 (0)

Deaths 0 (0) 0 (0)
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Our study demonstrated the modest efficacy of combination
DAA therapy for 6 weeks in a cohort of predominantly African
American patients with advanced liver fibrosis, including those
with treatment experience and cirrhosis. These findings support
the scientific principle that enhancing the potency of DAA reg-
imens permits the treatment duration to be shortened by elim-
inating all HCV-infected hepatocytes. However, response rates
were lower than those observed elsewhere in patients without
cirrhosis [14]. As such, our findings suggest that in the setting
of advanced fibrosis, short-duration therapy with current agents
will not achieve the high rates of SVR seen in clinical trials with
standard treatment durations.

We also investigated potential host and viral factors associat-
ed with response. Analysis revealed no clear correlates of re-
sponse on combined univariate analysis. However, the success
of our 6-week trial, in patients with early-stage fibrosis who
were demographically comparable to the present cohort, sug-
gests that hepatic fibrosis may be the major factor predicting de-
creased effectiveness for DAA therapy.

Hepatic fibrosis is known to impair multiple pathways of
HCV clearance, including reduced drug delivery due to venous
shunting, limited drug uptake secondary to fibrotic changes, de-
creased drug metabolism from reduced liver function, and im-
paired immune signaling pathways [17]. Lower rates of SVR
have been reported with the use of DAA regimens in the setting
of advanced fibrosis [7, 10, 18], and in previous studies of inter-
feron-based therapy, hepatic fibrosis is an independent negative
predictor of SVR [19]. Given the high potency of DAAs, it is
unclear whether immune response plays a significant role in
viral eradication. However, in a recent study of patients treated
with SOF and ribavirin, Meissner et al [20] demonstrated that
the resetting of intrahepatic type I interferon response was asso-
ciated with SVR, suggesting a role for healthy liver in aiding
HCV clearance, even in the setting of interferon-free therapy.

It is likely that given both compromise in drug delivery and
viral kinetics in the setting of advanced fibrosis, short-duration
therapy may not achieve high rates of SVR and is therefore un-
likely to be pursued as a large-scale treatment strategy in pa-
tients with advanced fibrosis. These findings are supported by
recent models of HCV viral dynamics [21] and results from
3- and 4-DAA combination therapy [22], which indicate that
ultrashort durations of <6 weeks are not effective in the majority
of patients.

In this study, we evaluated the influence of RAVs on treatment
response. We demonstrated a 22% baseline prevalence of RAVs,
without an impact on SVR, consistent with other published trials
of longer-duration LDV and SOF therapy [13]. For the 11 pa-
tients with viral relapse to 6-week combination DAA therapy,
it is unclear how these viral mutants will evolve and what influ-
ence, if any, they may have on treatment. We report findings in
patient 12, who took only 1 dose of study medications, but after
10 weeks had emergence of 5 NS5A mutants conferring high-

level resistance. Despite this, approximately 10 months after ini-
tial dose, the patient was treated again in the community with 12
weeks of LDV/SOF, and SVR12 was achieved. Given the unique
physiologic characteristics of patients with advanced fibrosis, fur-
ther research is warranted to identify the ideal retreatment strat-
egy in patients with prior DAA exposure. The remaining 10
patients with viral relapse are receiving or awaiting retreatment.

Our study was limited by small sample size, a nonrandomized,
unblinded design, and the specific patient demographics of our
cohort; the statistical power of our conclusions is therefore re-
stricted, with unclear applicability to larger-scale settings. In con-
clusion, our investigation is among the first to demonstrate
moderate rates of success with 6-week combination DAA therapy
in a cohort of patients with advanced liver fibrosis.

Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
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