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ABSTRACT

BACKGROUND

Effective treatment for hepatitis C virus (HCV) genotype 1 infection in patients who
have not had a sustained virologic response to prior interferon-based therapy represents
an unmet medical need.

METHODS

We conducted a phase 3, randomized, open-label study involving patients infected
with HCV genotype 1 who had not had a sustained virologic response after treat-
ment with peginterferon and ribavirin, with or without a protease inhibitor. Pa-
tients were randomly assigned to receive the NS5A inhibitor ledipasvir and the nu-
cleotide polymerase inhibitor sofosbuvir in a once-daily, fixed-dose combination
tablet for 12 weeks, ledipasvir—sofosbuvir plus ribavirin for 12 weeks, ledipasvir—
sofosbuvir for 24 weeks, or ledipasvir—sofosbuvir plus ribavirin for 24 weeks. The pri-
mary end point was a sustained virologic response at 12 weeks after the end of therapy.

RESULTS

Among the 440 patients who underwent randomization and were treated, 20% had
cirrhosis and 79% had HCV genotype 1a infection. The rates of sustained viro-
logic response were high in all treatment groups: 94% (95% confidence interval [CI],
87 to 97) in the group that received 12 weeks of ledipasvir—sofosbuvir; 96% (95% CI,
91 to 99) in the group that received 12 weeks of ledipasvir-sofosbuvir and ribavirin;
99% (95% CI, 95 to 100) in the group that received 24 weeks of ledipasvir—sofosbuvir;
and 99% (95% CI, 95 to 100) in the group that received 24 weeks of ledipasvir—
sofosbuvir and ribavirin. No patient discontinued treatment owing to an adverse
event. The most common adverse events were fatigue, headache, and nausea.

CONCLUSIONS
Treatment with a once-daily, single-tablet regimen of ledipasvir and sofosbuvir re-
sulted in high rates of sustained virologic response among patients with HCV geno-
type 1 infection who had not had a sustained virologic response to prior interferon-
based treatment. (Funded by Gilead Sciences; ION-2 ClinicalTrials.gov number,
NCT01768286.)
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MONG THE ESTIMATED 170 MILLION

people in the world who have chronic hepa-

titis C virus (HCV) infection, approximately
60% have the genotype 1 strain of the virus.* The
treatment of patients infected with HCV genotype 1
is evolving rapidly.2® At the end of 2013, the Food
and Drug Administration (FDA) approved two new
direct-acting antiviral agents for the treatment of
HCV infection: the nucleotide polymerase inhibitor
sofosbuvir (Gilead Sciences) and the protease in-
hibitor simeprevir (Janssen Therapeutics).”3

Among the regimens that have been approved
by the FDA for patients with HCV genotype 1
infection who have not had a sustained viro-
logic response to prior interferon-based therapy
— historically, the population hardest to cure —
are 12 weeks of sofosbuvir with peginterferon
and ribavirin or 24 to 48 weeks of simeprevir
with peginterferon and ribavirin. The only in-
terferon-free option currently approved for HCV
genotype 1 infection is 24 weeks of sofosbuvir
and ribavirin for patients who are ineligible to
receive interferon because of absolute or rela-
tive contraindications. A guideline recently issued
by the American Association for the Study of
Liver Diseases and the Infectious Diseases Soci-
ety of America recommends 12 weeks of sofos-
buvir and simeprevir, with or without ribavirin,
for previously treated patients with HCV geno-
type 1 infection (on the basis of limited data
from phase 2 trials).>1°
Ledipasvir (Gilead Sciences) is a new HCV NS5A

inhibitor with potent antiviral activity against
HCV genotypes 1a and 1b.'* In phase 2 trials, the
combination of ledipasvir and sofosbuvir, with
and without ribavirin, resulted in high rates of
sustained virologic response among patients with
HCV genotype 1 infection who had received prior
treatment with interferon-based regimens, includ-
ing patients who had received a protease-inhibitor
regimen and those with compensated cirrhosis.1213
To simplify the regimen and improve adherence
to therapy, ledipasvir and sofosbuvir have been
combined in a single fixed-dose tablet for use
once daily (ledipasvir—sofosbuvir). We conducted a
phase 3 trial of 12 or 24 weeks of treatment with
ledipasvir—sofosbuvir, with and without ribavirin
(Ribasphere, Kadmon Pharmaceuticals), in patients
with HCV genotype 1 infection who did not have
a sustained virologic response after treatment
with either peginterferon, ribavirin, and a prote-
ase inhibitor or peginterferon and ribavirin; the
trial included patients with cirrhosis.
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METHODS

PATIENTS

From January 3, 2013, to February 26, 2013, at
64 sites in the United States, we enrolled patients
18 years of age or older who had chronic HCV
genotype 1 infection. Eligible patients were those
who had not had a sustained virologic response
with either peginterferon and ribavirin or an
NS3/4A protease inhibitor combined with peg-
interferon and ribavirin. Patients who had dis-
continued prior treatment owing to an adverse
event were not eligible. All the patients provided
written informed consent.

Approximately 20% of the enrolled patients had
evidence of cirrhosis, defined by a liver-biopsy
specimen showing evidence of cirrhosis (Metavir
stage 4 [on a scale from 0 to 4, with higher
stages indicating a greater degree of fibrosis] or
Ishak score of 5 or 6 [on a scale from 0 to 6,
with higher scores indicating a greater degree of
fibrosis]) or a FibroTest score of more than 0.75
(on a scale of 0 to 1, with higher scores indicat-
ing more severe fibrosis) and an aspartate amino-
transferase:platelet ratio index of more than 2
(with higher scores indicating a greater likeli-
hood of extensive fibrosis). There were no upper
limits on age or body-mass index. All the eligibil-
ity criteria are listed in the study protocol (avail-
able with the full text of this article at NEJM.org).

STUDY DESIGN

In this randomized, open-label trial, all the pa-
tients received a fixed-dose combination tablet
containing 90 mg of ledipasvir and 400 mg of
sofosbuvir, administered orally once daily. Riba-
virin was administered orally twice daily, with
the dose determined according to body weight
(1000 mg daily in patients with a body weight of
<75 kg, and 1200 mg daily in patients with a
body weight >75 kg).

Patients were randomly assigned in a 1:1:1:1
ratio to one of four treatment groups: ledipasvir—
sofosbuvir for 12 weeks, ledipasvir—sofosbuvir plus
ribavirin for 12 weeks, ledipasvir—sofosbuvir for
24 weeks, or ledipasvir-sofosbuvir plus ribavirin
for 24 weeks. Randomization was stratified accord-
ing to genotype (1a vs. 1b), presence or absence of
cirrhosis, and response to prior therapy (relapse or
virologic breakthrough vs. no response). See the
Supplementary Appendix, available at NEJM.org,
for definitions of all types of response to prior
therapy.
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STUDY OVERSIGHT

This study was approved by the institutional re-
view board or independent ethics committee at
each participating site and was conducted in
compliance with the principles of the Declara-
tion of Helsinki, Good Clinical Practice guide-
lines, and local regulatory requirements. The
study was designed and conducted according to
the protocol by the sponsor (Gilead Sciences) in
collaboration with the academic investigators.
The sponsor collected the data, monitored the
study conduct, and performed the statistical
analyses. An independent data and safety moni-
toring committee reviewed the progress of the
study.

The investigators, participating institutions,
and sponsor agreed to maintain confidentiality
of the data. All the authors had access to the
data and assume responsibility for the integrity
and completeness of the data and analyses re-
ported. The first draft of the manuscript was
prepared by a professional writer who is an em-
ployee of Gilead Sciences, an author who is also
an employee of Gilead Sciences, and the first au-
thor, with input from all the authors.

STUDY ASSESSMENTS
In addition to laboratory and clinical tests, the
screening assessments included serum HCV RNA
genotyping, measurement of the HCV RNA level,
and IL28B genotyping. The serum HCV RNA level
was measured with the COBAS TagMan HCV Test,
version 2.0, for use with the High Pure System
(Roche Molecular Systems), which has a lower
limit of quantification of 25 IU per milliliter. See
the Supplementary Appendix for more informa-
tion on study assessments.

END POINTS
The primary efficacy end point was the rate of
sustained virologic response, defined as the ab-
sence of quantifiable HCV RNA in serum (<25 I[U
per milliliter), at 12 weeks after the end of thera-
py among all patients who underwent random-
ization and were treated. Secondary end points
included the rate of sustained virologic response
at 24 weeks after the end of treatment.

STATISTICAL ANALYSIS
The primary statistical hypotheses of the study
were that the rate of sustained virologic response
in each of the four treatment groups would be
higher than an adjusted historical rate of 25%,
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which was based on the expected response rate
for this patient population (see the Supplemen-
tary Appendix). We calculated that a sample of
100 patients in each treatment group would pro-
vide the study with more than 99% power to de-
tect an improvement of at least 45 percentage
points in the rate of response over the historical
null rate of 25%, with the use of a two-sided,
exact one-sample binomial test and a significance
level of 0.0125 on the basis of a Bonferroni cor-
rection. An exact logistic-regression analysis was
performed to identify baseline factors associated
with sustained virologic response; the Kruskal-
Wallis test was used to test for the overall differ-
ence across treatment groups for continuous
variables, and the Cochran—Mantel-Haenszel test
was used for categorical variables. See the Supple-
mentary Appendix for methods used in the re-
gression analyses.

RESULTS

BASELINE CHARACTERISTICS
Of the 551 patients who underwent initial screen-
ing, 441 underwent randomization and 440 be-
gan treatment (Table S1 and Fig. S2 in the Sup-
plementary Appendix). The demographic and
baseline clinical characteristics of the patients
were generally balanced among the four treat-
ment groups (Table 1). As expected in a popula-
tion of patients who had not had a sustained vi-
rologic response to interferon-based therapy,
most patients (88%) had the non-CC IL28B geno-
type. A total of 20% of the patients in each of the
four treatment groups had cirrhosis. Overall,
52% of the enrolled patients had received prior
treatment with a protease-inhibitor regimen.

EFFICACY
In all four treatment groups, the rate of sustained
virologic response was superior to the adjusted
historical response rate of 25% (P<0.001 for all
comparisons). The rates of sustained virologic
response at 12 weeks after the end of treatment
were as follows: among 109 patients who re-
ceived 12 weeks of ledipasvir—sofosbuvir, 102 had
a sustained virologic response (94%; 95% confi-
dence interval [CI], 87 to 97); among 111 who
received 12 weeks of ledipasvir—sofosbuvir plus
ribavirin, 107 had a sustained virologic response
(96%; 95% CI, 91 to 99); among 109 who received
24 weeks of ledipasvir-sofosbuvir, 108 had a sus-
tained virologic response (99%; 95% CI, 95 to
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic 12-Wk Regimen 24-Wk Regimen
LDV-SOF LDV-SOF + RBV LDV-SOF LDV-SOF + RBV
(N=109) (N=111) (N=109) (N=111)

Age —yr

Mean 56 57 56 55

Range 24-67 27-75 25-68 28-70
Body-mass indexy

Mean 29 28 28 28

Range 19-47 19-45 19-41 19-50
Male sex — no. (%) 74 (68) 71 (64) 74 (68) 68 (61)
Race or ethnic group — no. (%)

White 84 (77) 94 (85) 91 (83) 89 (80)

Black 24 (22) 16 (14) 17 (16) 20 (18)

Asian 1(1)

Hawaiian or Pacific Islander 0 1(1) 0 1(1)

Other 0 0 1(Q1) 1Q)
Hispanic ethnic group — no. (%)

Hispanic 7 (6) 12 (11) 11 (10) 11 (10)

Non-Hispanic 100 (92) 99 (89) 98 (90) 99 (89)

Not disclosed 2(2) 0 0 1(1)
HCV genotype

la 36 (79) 88 (79) 85 (78) 88 (79)

1b 23 (21) 23 (21) 24 (22) 23 (21)
HCV RNA — logy, IU/ml 6.5:0.44 6.4+0.54 6.4+0.57 6.5+0.60
HCV RNA 26 log,, IU/ml — no. (%) 96 (88) 94 (85) 86 (79) 91 (82)
IL28B genotype — no. (%)

cC 10 (9) 11 (10) 16 (15) 18 (16)

cT 70 (64) 77 (69) 63 (62) 68 (61)

T 29 (27) 23 (21) 25 (23) 25 (23)
Cirrhosis — no. (%) 22 (20) 22 (20) 22 (20) 22 (20)
Alanine aminotransferase >1.5xULN — no. (%) 53 (49) 51 (46) 60 (55) 49 (44)

Prior treatment

Peginterferon or interferon, with ribavirin — no. (%) 43 (39) 47 (42) 59 (54) 60 (54)
Protease-inhibitor regimen — no. (%) 66 (61) 64 (58) 50 (46) 51 (46)
Telaprevir — no./total no. (%) 43/66 (65) 39/64 (61) 29/50 (58) 24/51 (47)
Boceprevir — no./total no. (%) 16/66 (24) 19/64 (30) 15/50 (30) 18/51 (35)
Other protease inhibitor — no. /total no. (%) 7/66 (11) 6/64 (9) 6/50 (12) 9/51 (18)
Prior response to treatment — no. (%)§
Relapse or virologic breakthrough 60 (55) 65 (59) 60 (55) 60 (54)
No response 49 (45) 46 (41) 49 (45) 51 (46)

* Plus—minus values are means +SD. The Kruskal-Wallis test was used to test for the overall difference across treatment groups for continuous
variables; the Cochran—-Mantel-Haenszel test was used to test for the overall difference across treatment groups for categorical variables.
There were no significant differences among the treatment groups except for age (P=0.02). Prior treatment and response were not tested.
HCV denotes hepatitis C virus, LDV ledipasvir, RBV ribavirin, SOF sofosbuvir, and ULN upper limit of the normal range.

i The body-mass index is the weight in kilograms divided by the square of the height in meters.

Race or ethnic group was self-reported.

Data indicate the response to the most recent interferon-based regimen.

(=)
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100); and among 111 who received 24 weeks of
ledipasvir—sofosbuvir plus ribavirin, 110 had a
sustained virologic response (99%; 95% CI, 95 to
100) (Table 2). Across treatment groups, 85 to
91% of the patients with an elevated serum level
of alanine aminotransferase at baseline had a re-
duction to a level that was within the limits of
the normal range by week 2 of treatment (Table
S4 in the Supplementary Appendix).

Overall, 11 of the 440 patients (2%) had a
virologic relapse after the end of treatment: 7
of 109 patients (6%) in the group that received
12 weeks of ledipasvir—sofosbuvir and 4 of 111
(4%) in the group that received 12 weeks of
ledipasvir—sofosbuvir plus ribavirin. A total of
10 of these 11 patients had a relapse by week 4
after the end of treatment; 1 patient had a re-
lapse between post-treatment weeks 4 and 12.
The characteristics of the patients who had a
relapse are shown in Table S5 in the Supple-
mentary Appendix.

No patient in a group that received 24 weeks
of treatment had a virologic relapse. Only two pa-
tients who received 24 weeks of treatment did not
have a sustained virologic response: one patient

who received ledipasvir-sofosbuvir withdrew con-
sent after post-treatment week 4 (HCV RNA level
at post-treatment week 4, <25 IU per milliliter),
and one who received ledipasvir—sofosbuvir plus
ribavirin had virologic rebound during treatment.
This patient had low-to-undetectable plasma con-
centrations of ledipasvir and GS-331007 (the major
circulating metabolite of sofosbuvir) at weeks 2, 4,
and 6, which suggested nonadherence to the study-
drug regimen.

All 427 patients who had a sustained viro-
logic response at 12 weeks after the end of treat-
ment also had a sustained virologic response at
24 weeks after the end of treatment. No patient
had a relapse after post-treatment week 12.

The rates of sustained virologic response in
various patient subgroups are shown in Figure 1
and in Table S3 in the Supplementary Appendix.
In all the groups, the response rates were similar
among patients with HCV genotype 1a infection
and those with HCV genotype 1b infection, among
patients who had previously received peginter-
feron and ribavirin and those who had received
a protease-inhibitor regimen, and among patients
with no response to prior treatment and those

Table 2. Response during and after Treatment.
Response 12-Wk Regimen 24-Wk Regimen
LDV-SOF LDV-SOF + RBV LDV-SOF LDV-SOF + RBV
(N=109) (N=111) (N=109) (N=111)
number (percent)
HCV RNA <25 IU/ml
During treatment
At 2 wk 89 (82) 92 (83) 89 (82) 93 (34)
At 4 wk 109 (100) 110 (99) 108 (99) 110 (99)
At end of treatment 108 (99)* 111 (100) 109 (100) 110 (99)
After end of treatment
At 4 wk 103 (94) 107 (96) 109 (100) 110 (99)
At 12 wk 102 (94) 107 (96) 108 (99)+ 110 (99)
Virologic breakthrough during treatment 0 0 0 1 (D)%
Relapse 7 (6) 4(4) 0 0

* One of the 109 patients who received 12 weeks of ledipasvir—sofosbuvir had an HCV RNA level of 42 IU per milliliter at
the week 12 visit but had an undetectable HCV RNA level at the visits occurring at 4, 12, and 24 weeks after the end of

treatment.

T One of the 109 patients who received 24 weeks of ledipasvir—sofosbuvir withdrew consent after the post-treatment
week 4 visit; at this visit, the HCV RNA level was less than 25 |U per milliliter.

I This patient did not adhere to the study treatment as indicated by plasma concentrations of ledipasvir and GS-331007
(the predominant circulating metabolite of sofosbuvir) that were below or near the lower level of quantification at

weeks 2, 4, and 6 during treatment.
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with prior virologic breakthrough or relapse.
Ribavirin had no effect on response rates, regard-
less of treatment duration.

Among patients with cirrhosis who were as-
signed to 12 weeks of treatment, the rates of
sustained virologic response were 86% for those
who received ledipasvir—-sofosbuvir and 82% for
those who received ledipasvir-sofosbuvir plus
ribavirin; the respective rates among patients
without cirrhosis were 95% and 100%. Among
patients assigned to receive 24 weeks of treat-
ment, the response rates were similar for pa-
tients with cirrhosis and those without cirrhosis.
The difference between the rates of response
among patients with cirrhosis who received
12 weeks of treatment and the rates among pa-
tients with cirrhosis who received 24 weeks of
treatment was significant (P=0.007 by the strat-
ified Cochran—Mantel-Haenszel test).

The multivariate exact logistic-regression analy-
sis identified the absence of cirrhosis as the only
baseline factor associated with a significant in-
crease in the rate of response (Tables S6 and S7
in the Supplementary Appendix). Overall, the rate
of sustained virologic response was 98% (95% CI,
96 to 99) among patients without cirrhosis and
92% (95% CI, 84 to 97) among those with cir-
rhosis. We explored whether differences in the
kinetics of virologic suppression during early
treatment among patients with cirrhosis and
those without cirrhosis could predict the differ-
ences in response rates. Viral kinetics during the
first 2 weeks of treatment did not predict the
treatment outcome with ledipasvir—-sofosbuvir,
regardless of cirrhosis status (Tables S9 and S10
in the Supplementary Appendix). No baseline
factors predictive of relapse in patients with cir-
rhosis were identified.

VIROLOGIC RESISTANCE TESTING
At baseline, variants associated with resistance
to NS5A inhibitors were detected by means of
deep sequencing in 62 of the 439 patients (14%)
for whom data were available; 55 of the 62 pa-
tients (89%) had a sustained virologic response.
Variants associated with resistance to NS3/4A
protease inhibitors were detected at baseline in
163 of the 228 patients (71%) who underwent
successful sequencing and had received prior
treatment with a protease-inhibitor regimen; 159
of the 163 patients (98%) had a sustained viro-
logic response.
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Of the 7 patients who received 12 weeks of
ledipasvir—sofosbuvir and had a relapse, 4 (57%)
had NS5A-resistant variants at baseline. Of the
4 patients who received 12 weeks of ledipasvir—
sofosbuvir plus ribavirin and had a relapse, 2 (50%)
had NS5A-resistant variants at baseline. All 11 pa-
tients who had a relapse had detectable NS5A-
resistant variants at the time of the relapse.
Patients with NS5A-resistant variants at baseline
and those without NS5A-resistant variants at
baseline had similar viral kinetics during early
treatment (Fig. S3 and S4 in the Supplementary
Appendix). The NS5B-resistant variant S282T
was not detected in any patient at baseline or at
any time thereafter.

SAFETY
The majority of patients in each treatment group
(67 to 90%) had adverse events, most of which
were mild to moderate in severity. None of the
440 patients in the study discontinued treatment
prematurely owing to adverse events. No patient
in either 12-week group had a serious adverse
event. Among the patients assigned to a 24-week
regimen, the rate of serious adverse events was
6% among those who received ledipasvir—sofos-
buvir and 3% among those who received ledipas-
vir—sofosbuvir plus ribavirin (P=0.36). Table 3
lists all the serious adverse events.

Among patients who received ledipasvir—
sofosbuvir alone, the incidence of adverse events
was higher in the 24-week group than in the
12-week group (81% vs. 67%). Among those who
received ledipasvir—sofosbuvir plus ribavirin, the
incidence of adverse events was similar in the
12-week group and the 24-week group (86% and
90%, respectively). Patients in the groups that re-
ceived ribavirin had higher rates of events that are
known to be associated with ribavirin therapy
— fatigue, nausea, insomnia, arthralgia, cough,
rash, irritability, dyspnea, and anemia — than did
the patients who received ledipasvir-sofosbuvir
alone (Table 3).

The mean change in the hemoglobin level
from baseline to week 12 was —0.5 g per decili-
ter and —0.6 g per deciliter in patients who re-
ceived 12 weeks and 24 weeks, respectively, of le-
dipasvir-sofosbuvir, as compared with —2.5 g per
deciliter and —2.4 g per deciliter in patients who
received 12 weeks and 24 weeks, respectively, of
ledipasvir—sofosbuvir plus ribavirin. Mild-to-
moderate (grade 1 or 2) hyperbilirubinemia de-
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Table 3. Treatment Discontinuations, Adverse Events, and Hematologic Abnormalities.*
Variable 12-Wk Regimen 24-Wk Regimen
LDV-SOF LDV-SOF +RBV  LDV-SOF LDV-SOF + RBV
(N=109) (N=111) (N=109) (N=111)
Duration of treatment — wk 12.2+0.2 12.110.2 23.9+1.6 24.0+1.7
Treatment discontinuation owing to adverse event 0 0 0 0
— no. of patients
Any adverse event — no. of patients (%) 73 (67) 96 (86) 88 (81) 100 (90)
Common adverse event — no. of patients (%)
Fatigue 23 (21) 45 (41) 26 (24) 50 (45)
Headache 28 (26) 26 (23) 25 (23) 35 (32)
Nausea 13 (12) 20 (18) 7 (6) 25 (23)
Insomnia 10 (9) 18 (16) 4 (4) 19 (17)
Arthralgia 7 (6) 13 (12) 7 (6) 17 (15)
Cough 5 (5) 16 (14) 5 (5) 16 (14)
Diarrhea 7 (6) 5(5) 9(8) 17 (15)
Rash 2(2) 11 (10) 6 (6) 16 (14)
Irritability 2(2) 13 (12) 4(4) 12 (11)
Dizziness 3(3) 8(7) 7 (6) 12 (11)
Upper respiratory tract infection 4(4) 6 (5) 7 (6) 11 (10)
Dyspnea 0 16 (14) 3(3) 9 (8)
Muscle spasm 1(1) 8(7) 2(2) 12 (11)
Anemia 0 9 (8) 1(1) 12 (11)
Dry skin 0 3(3) 3 (3) 11 (10)
Serious adverse event — no. of patients (%) 0 0 6 (6) 3(3)
Acute cholecystitis 0 0 0 1(1)
Convulsion 0 0 1(1) 0
Hepatic encephalopathy 0 0 1(1) 0
Intervertebral disk protrusion 0 0 1(1) 0
Noncardiac chest pain 0 0 1(1) 0
Spondylolisthesis 0 0 1(1) 0
Upper gastrointestinal hemorrhage 0 0 1(1) 0
Vaginal prolapse 0 0 0 1(1)
Unstable angina 0 0 1(1) 0
Wound infection 0 0 0 1(1)
Hematologic abnormality — no. of patients (%)
Decreased hemoglobin level
<10 g/dI 0 2(2) 0 9(8)
<8.5 g/dI 0 0 0 2(2)
Decreased lymphocyte count
350 to <500 per mm? 1(1) 1(1) 1(1) 3(3)
<350 per mm? 0 1(1) 0 1(1)
Platelet count 25,000 to <50,000 per mm? 1(1) 0 2(2) 0

* Plus—minus values are means +SD.
7 Common adverse events were defined as those occurring in at least 10% of the patients in any group.
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veloped in more patients who received ledipasvir—
sofosbuvir plus ribavirin (in 32% of patients who
received 12 weeks of therapy and 41% of those
who received 24 weeks of therapy) than in those
who received only ledipasvir—sofosbuvir (1% and
7%, respectively). Two patients who received
ledipasvir-sofosbuvir plus ribavirin had grade 3
hyperbilirubinemia. The rates of laboratory ab-
normalities were otherwise similar among the four
treatment groups. Platelet counts and albumin
levels during treatment are shown in Tables S11
and S12 in the Supplementary Appendix.

DISCUSSION

In this study, treatment with the once-daily, single-
tablet regimen of ledipasvir-sofosbuvir resulted
in a sustained virologic response in 94 to 99% of
patients with HCV genotype 1 infection who had
not had a sustained virologic response after prior
interferon-based treatment, including protease-
inhibitor regimens. These rates of response are
among the highest reported to date for HCV gen-
otype 1 infection. The rates of sustained viro-
logic response were similar, with widely overlap-
ping confidence intervals, among patients who
received 12 weeks of treatment and among those
who received 24 weeks of treatment, and also
among those who received ledipasvir-sofosbuvir
alone and among those who received ledipasvir—
sofosbuvir plus ribavirin. However, this study was
not powered to compare responses to regimens
with and without ribavirin or to 12 weeks and
24 weeks of treatment.

Ledipasvir—sofosbuvir was not associated
with any new or characteristic adverse events,
although the patients who received ledipasvir—
sofosbuvir plus ribavirin had higher rates of
fatigue, nausea, insomnia, arthralgia, cough,
rash, irritability, dyspnea, and anemia — events
that are consistent with the known side effects
of ribavirin — than did those who received
ledipasvir—sofosbuvir alone.** Overall, the rate
of adverse events was substantially lower in the
group that received 12 weeks of ledipasvir—
sofosbuvir alone (67%) than in the other three
treatment groups (81 to 90%).

The study population included substantial
numbers of patients with characteristics histori-
cally associated with a poor response to treat-
ment.*> In particular, 84 to 91% of the patients
had a non-CC IL28B genotype, 41 to 46% had a

N ENGL ) MED

documented prior nonresponse to interferon-based
therapy, and 52% had previously been treated with
a protease-inhibitor regimen and were therefore
without treatment options. This treatment was
effective in patients who had not had a sustained
virologic response with a protease-inhibitor regi-
men — a population that accounts for a substan-
tial proportion of patients with diagnosed HCV
infection. The rates of sustained virologic re-
sponse in all these difficult-to-treat subgroups
ranged from 92% to 100%.

In the 12-week treatment groups, patients with
cirrhosis had modestly lower rates of response
(86% with ledipasvir—sofosbuvir and 82% with
ledipasvir—sofosbuvir plus ribavirin) than did
those without cirrhosis (95 and 100%, respec-
tively), whereas in the 24-week treatment groups,
the rates of response were similar in patients
with cirrhosis (99% with both regimens) and
those without cirrhosis (100% with both regi-
mens). However, this observation is preliminary,
since the study was not powered for intergroup
comparisons. We explored the usefulness of vi-
rologic suppression during early treatment in pre-
dicting sustained virologic response in patients
with cirrhosis. Among patients with cirrhosis
who received 12 weeks of ledipasvir—sofosbuvir
alone, 80% of those who had a detectable HCV
RNA level at week 2 had a sustained virologic
response (Table S10 in the Supplementary Appen-
dix), indicating that virologic response during
early treatment does not accurately identify the
small subset of patients who might benefit from
24 weeks of treatment. We were unable to iden-
tify any baseline characteristics that might predict
which patients with cirrhosis were most likely to
have a relapse after 12 weeks of treatment.

The NS5B S282T variant, which reduces sus-
ceptibility to sofosbuvir, was not observed in
this study, confirming the high genetic barrier
to the development of resistance that has been
observed in previous studies of sofosbuvir. Treat-
ment failure with inhibitors of the HCV NS5A
protein is often associated with the presence at
baseline of NS5A variants that are resistant to
treatment and also with the rapid development
of resistant variants during treatment. Although
no virologic relapse was observed in patients who
received 24 weeks of treatment, 11 of those
who received 12 weeks of treatment had a re-
lapse. Of the 11 patients who had a relapse after
treatment, 6 had NS5A-resistant variants at base-
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line. All the patients who had a relapse had de-
tectable NS5A-resistant variants at the time of
virologic failure. Early reductions in the HCV
RNA level were similar in patients without resis-
tant variants at baseline and in those with resis-
tant variants at baseline, including those who
had a relapse.

The study also characterizes the burden of
adverse events associated with ribavirin. Higher
rates of constitutional and neuropsychiatric side
effects were observed in the two groups that re-
ceived the ribavirin-containing regimen than in
the two groups that received ledipasvir—sofosbuvir
alone. Decreases in the hemoglobin level and
increases in the bilirubin level were seen in the
two groups that received the ribavirin-contain-
ing regimen — findings consistent with ribavi-
rin-mediated hemolysis — but not in the two
groups that received ledipasvir—sofosbuvir alone.
The exclusion of patients who had discontinued
prior therapy owing to adverse events, which
was intended to restrict the study population to
patients who had not had a response to prior
therapy, may have inadvertently selected for pa-
tients who were more likely to have a low rate of
adverse events.

In conclusion, treatment with a single-tablet
regimen containing ledipasvir and sofosbuvir
resulted in high rates of sustained virologic re-
sponse among patients with HCV genotype 1
infection who had not had a response to prior
interferon-based treatment.
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