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ABSTRACT

BACKGROUND

An interferon-free combination of the protease inhibitor ABT-450 with ritonavir
(ABT-450/1), the nonnucleoside polymerase inhibitor ABT-333, and ribavirin showed
efficacy against the hepatitis C virus (HCV) in a pilot study involving patients with
HCV genotype 1 infection. The addition of another potent agent, the NS5A inhibitor
ABT-267, may improve efficacy, especially in difficult-to-treat patients. This study was
designed to evaluate multiple regimens of direct-acting antiviral agents and ribavirin
in patients with HCV genotype 1 infection who had not received therapy previously
or who had no response to prior therapy with pegylated interferon and ribavirin.

METHODS

In this phase 2b, open-label study with 14 treatment subgroups, 571 patients without
cirrhosis who had not received treatment previously or who had not had a response
to prior therapy were randomly assigned to a regimen of ABT-450/r, combined with
ABT-267 or ABT-333 or both, for 8, 12, or 24 weeks and received at least one dose of
therapy. All the subgroups but 1 also received ribavirin (dose determined according
to body weight). The primary end point was sustained virologic response at 24 weeks
after the end of treatment. The primary efficacy analysis compared rates between
previously untreated patients who received three direct-acting antiviral agents and
ribavirin for 8 weeks and those who received the same therapy for 12 weeks.

RESULTS

Among previously untreated patients who received three direct-acting antiviral
agents (with the ABT-450/r dose administered as 150 mg of ABT-450 and 100 mg of
ritonavir) plus ribavirin, the rate of sustained virologic response at 24 weeks after
treatment was 88% among those who received the therapy for 8 weeks and 95%
among those who received the therapy for 12 weeks (difference, —7 percentage points;
95% confidence interval, —19 to 5; P=0.24). The rates of sustained virologic response
across all treatment subgroups ranged from 83 to 100%. The most frequent adverse
events were fatigue, headache, nausea, and insomnia. Eight patients (1%) discontinued
treatment owing to adverse events.

CONCLUSIONS
In this phase 2b study, all-oral regimens of antiviral agents and ribavirin were ef-
fective both in patients with HCV genotype 1 infection who had not received ther-
apy previously and in those who had not had a response to prior therapy. (Funded
by AbbVie; ClinicalTrials.gov number, NCT01464827.)
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HRONIC HEPATITIS C VIRUS (HCV) INFEC-

tion is a leading cause of cirrhosis, liver

cancer, and end-stage liver disease.! The
current standard of care for chronic HCV geno-
type 1 infection is pegylated interferon (peginter-
feron) and ribavirin, with a protease inhibitor
(boceprevir or telaprevir).2 Although the addition
of a protease inhibitor has been associated with
a significant increase in response rates, only ap-
proximately one third of patients who had not
had a response to prior therapy with peginter-
feron and ribavirin had a sustained virologic re-
sponse when re-treated with the addition of a
protease inhibitor.>* Furthermore, these thera-
pies are associated with adverse effects that can
lead to early discontinuation of treatment.>” Pa-
tient characteristics, such as host genetic factors
(e.g., IL28B rs12979860 CT or TT genotype), HCV
subtype 1a, black race, and high baseline viral
load, are also associated with poor response
rates.® New interferon-free therapies with
greater activity in difficult-to-treat patients with
HCYV infection are needed.

ABT-450, a potent inhibitor of the HCV
NS3/4A protease, is coadministered with 100 mg
of ritonavir (ABT-450/r) to increase ABT-450
plasma levels and half-life, permitting once-
daily dosing.® ABT-333 is a nonnucleoside NS5B
polymerase inhibitor. A recent pilot study involv-
ing patients with HCV genotype 1 infection who
received 12 weeks of treatment with ABT-450/r,
ABT-333, and ribavirin showed rates of sustained
virologic response 12 weeks after treatment of
93 to 95% among previously untreated patients
and 47% among patients who had not had a re-
sponse or who had had only a partial response to
prior therapy with peginterferon and ribavirin.°

The addition of a potent third direct-acting
antiviral agent, the NS5A inhibitor ABT-267, may
improve efficacy in patients for whom a poor
response is predicted, including those who have
not had a response to prior therapy. ABT-267
monotherapy for 3 days in previously untreated
patients resulted in a mean decrease in the HCV
RNA level of 3.10 log, , IU per milliliter.!* Because
patients who have not had a response to prior
therapy have historically had the lowest levels of
response to retreatment, a favorable therapeutic
outcome in this population would be likely to
extend to other patient populations that have re-
ceived therapy previously.

In this article, we present the results of a
phase 2b, open-label, multiple-group study that

was designed to determine the safety and efficacy
of various combinations of ABT-450/r, ABT-333,
ABT-267, and ribavirin in patients with HCV geno-
type 1 infection who had not received therapy
previously and in those who had not had a re-
sponse to prior therapy. The study design en-
abled multiple comparisons between treatment
groups, allowing preliminary comparisons of
treatment durations, antiviral-drug combinations,
and ABT-450 doses in a single study.

METHODS

STUDY POPULATION
Eligible patients were 18 to 70 years of age with
a plasma HCV RNA level of more than 50,000 IU
per milliliter at screening and no evidence of cir-
rhosis. Previously untreated patients and those
who had not had a response to prior therapy (pa-
tients who had received peginterferon and ribavi-
rin for at least 12 weeks and did not have a de-
cline in the HCV RNA level of at least 2 log,, IU
per milliliter) were eligible. Detailed eligibility
criteria are provided in the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org.

STUDY DESIGN
This study was designed as an open-label trial with
respect to treatment durations, drug combinations,
and doses for each of 14 treatment subgroups
(Fig. 1). Details of the randomization procedure
are provided in the Supplementary Appendix.
ABT-450/r was administered in doses of 100 mg,
150 mg, or 200 mg of ABT-450 with 100 mg of
ritonavir daily. The ABT-267 dose was 25 mg
daily. The ABT-333 dose was 400 mg twice daily.
The daily dose of ribavirin was 1000 mg (divided
into doses of 400 mg and 600 mg) if the body
weight was less than 75 kg or 1200 mg (600 mg
twice daily) if the body weight was 75 kg or more.
The treatment duration was 8, 12, or 24 weeks.

STUDY OVERSIGHT
All the patients provided written informed con-
sent. The study was performed in accordance
with Good Clinical Practice guidelines and the
principles of the Declaration of Helsinki, and the
study protocol was approved by the relevant insti-
tutional review boards and regulatory agencies.
The study was designed jointly by the study
investigators and the sponsor (AbbVie). The in-
vestigators gathered the data, and the sponsor

N ENGLJ MED 370;3 NEJM.ORG JANUARY 16, 2014

The New England Journal of Medicine

Downloaded from nejm.org by JULES LEVIN on January 16, 2014. For personal use only. No other uses without permission.

Copyright © 2014 Massachusetts Medical Society. All rights reserved.

223



224

The NEW ENGLAND JOURNAL of MEDICINE

Cohort Group Subgroup No. Regimen
Previously Untreated 1 80  |ABT450/r (150 mg)
Patients ABT-267 ABT-333 RBV
2 41 IABT-450/r (150 mg) ABT-333 RBV
3 39 IABT-450/r (100 mg) ABT-267 RBV
40  |ABT-450/r (200 mg) ABT-267 RBV
4 79 ABT-450/r (150 mg) ABT-267 ABT-333
5 39 [ABT-450/r (100 mg) ABT-267 ABT-333 RBV
40  |ABT-450/r (150 mg) ABT-267 ABT-333 RBV
6 40 |ABT-450/r (100 mg) ABT-267 ABT-333 RBV
40 ABT-450/r (150 mg) ABT-267 ABT-333 RBV
Patients without a 45 |ABT-450/r (200 mg) ABT-267 RBV
Response to Prior Therapy 450r (200me) ABT-
8 23 ABT-450/r (100 mg) ABT-267 ABT-333 RBV
22 ABT-450/r (150 mg) ABT-267 ABT-333 RBV
9 23 ABT-450/r (100 mg) ABT-267 ABT-333 RBV
20 ABT-450/r (150 mg) ABT-267 ABT-333 RBV
T T 1
0 8 12 24
Weeks
Figure 1. Treatment Regimens.
The drugs administered to each treatment subgroup are listed in the bars. The daily dose of ABT-450 plus ritonavir
(ABT-450/r) included 100 mg of ritonavir and 100 mg, 150 mg, or 200 mg of ABT-450; the ABT-450 dose in each
subgroup is shown in parentheses. The ABT-333 dose was 400 mg twice daily. The ABT-267 dose was 25 mg once
daily. The total daily dose of ribavirin (RBV) was 1000 mg (divided into doses of 400 mg and 600 mg) if the body
weight was less than 75 kg or 1200 mg (600 mg twice daily) if the body weight was 75 kg or more. Patients were
followed through 48 weeks after the end of treatment.

conducted the data analyses. All the authors had
full access to the data and signed confidentiality
agreements with the sponsor regarding the data.
The first draft of the manuscript was written by
a medical writer employed by the sponsor and
was edited and revised by the first author, with
input from all the authors. All the authors re-
viewed and provided feedback on all subsequent
versions of the manuscript. All the authors vouch
for the completeness and accuracy of the data
and analyses presented and confirm that the
study was conducted and reported with fidelity
to the protocol, which is available at NEJM.org.

VIROLOGIC AND SAFETY ASSESSMENTS
Details on the collection of plasma samples,
HCV RNA measurement, resistance testing,

and criteria for virologic failure are provided in
the Supplementary Appendix. Assessments of
adverse events and clinical laboratory testing
were performed at each study visit. Events were
classified as mild, moderate, or severe by the
investigator.

Data on all adverse events were collected from
the start of study-drug administration until 30 days
after the last dose was administered. Data on
serious adverse events were collected throughout
the study.

EFFICACY ANALYSES
The primary efficacy end point was sustained
virologic response (HCV RNA level below the
lower limit of quantitation [25 IU per milliliter])
at 24 weeks after the end of treatment. Analyses
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were performed on the modified intention-to-
treat population, which included patients who
had undergone randomization and received at
least one dose of study drug. The primary analy-
sis was a comparison of the rate of sustained vi-
rologic response at 24 weeks after treatment be-
tween previously untreated patients who received
three direct-acting antiviral agents (including
ABT-450/r administered in daily doses of 150 mg
of ABT-450 and 100 mg of ritonavir) with ribavirin
for 8 weeks (subgroup A) and those who received
the same therapy for 12 weeks (subgroup G).
Secondary analyses compared the rate of sus-
tained virologic response at 24 weeks after
treatment among other treatment groups and
subgroups.

Virologic breakthrough during treatment was
defined as two consecutive HCV RNA measure-
ments of more than 1 log,, IU per milliliter
above the nadir HCV RNA level or two consecutive
HCV RNA measurements that were higher than
the lower limit of quantitation at any time after
the HCV RNA level had been less than the lower
limit of quantitation. Virologic relapse was defined
as a confirmed quantifiable HCV RNA level in a
patient who had had an HCV RNA level that was
less than the lower limit of quantitation at the
end of treatment.

STATISTICAL ANALYSIS
SAS software, version 9.2, for the UNIX operating
system (SAS Institute) was used for all analyses.
Details of the sample-size determination and in-
terim analysis are provided in the Supplementary
Appendix. All statistical tests and confidence in-
tervals were two-sided, with a significance level
of 0.05. The stratum-adjusted Mantel-Haenszel
method, with adjustment for the stratification vari-
ables at baseline (IL28B genotype [CC vs. non-CC]
and HCV subgenotype [1a vs. non-1a]), was used
to calculate between-group differences in the
rates of sustained virologic response at 24 weeks
after treatment and the two-sided 95% confi-
dence intervals of the differences.

RESULTS

STUDY POPULATION
A total of 1013 patients with chronic HCV geno-
type 1 infection were screened at 97 sites in nine
countries, including the United States. From Octo-
ber 2011 through April 2012, a total of 571 patients
(438 previously untreated patients and 133 pa-

tients who had not had a response to prior ther-
apy) underwent randomization and received at
least one dose of study drug (Fig. S1 and Table S1
in the Supplementary Appendix). The final data
collection for the analysis of the rate of sustained
virologic response at 24 weeks after treatment
occurred in August 2013. Demographic and clin-
ical characteristics of the patients at baseline are
shown in Table 1.

EFFICACY
Primary Analysis

Across all treatment subgroups, the rates of sus-
tained virologic response at 24 weeks after treat-
ment ranged from 83 to 100% (Table S5 in the
Supplementary Appendix). With respect to the
primary analysis, among previously untreated
patients who received treatment with three di-
rect-acting agents plus ribavirin, with ABT-450/r
administered as 150 mg of ABT-450 and 100 mg
of ritonavir, the rate of sustained virologic re-
sponse at 24 weeks after treatment was 88% in
the subgroup that received 8 weeks of therapy and
95% in the subgroup that received 12 weeks of
therapy (difference between 8-week and 12-week
subgroups, —7 percentage points; 95% confidence
interval, =19 to 5; P=0.24). Secondary analyses
of the rates of sustained virologic response at
24 weeks after treatment are shown in Table S6
in the Supplementary Appendix.

Analysis According to ABT-450/r Dose

In a prespecified analysis comparing subgroups
that received ABT-450/r administered as 100 mg
of ABT-450 and 100 mg of ritonavir with those
that received ABT-450/r administered as 150 mg
of ABT-450 and 100 mg of ritonavir in otherwise
identical regimens, the rates of sustained viro-
logic response at 24 weeks were similar (93.6%
and 94.3%, respectively; P=0.91). Therefore, the
subgroups differing only in the dose of ABT-450
were combined, which resulted in nine groups
for further analysis. With these groups com-
bined, the rates of sustained virologic response
at 24 weeks after treatment ranged from 83 to
96% among previously untreated patients and
from 89 to 95% among patients who had not had
a response to prior therapy (Fig. 2).

Analysis According to Regimen

Across all treatment groups, the rates of sus-
tained virologic response at 24 weeks after treat-
ment were high regardless of host IL28B
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*

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Patients without

Previously a Response to
Untreated Patients Prior Therapy
Characteristic (N=438) (N=133)
Male sex — no. (%) 232 (53) 82 (62)
Age —yr 50.1+10.2 51.1+11.4
Black race — no. (%) 7 60 (14) 18 (14)
Hispanic ethnic group 33 (8) 13 (10)
—no. (%) T
HCV subtype 1a — no. (%) 297 (68) 81 (61)
Non-CC IL28B genotype 314 (72) 129 (97)
— ho. (%)
HOMA-IR =3 — no./total no. 98/385 (25) 34/112 (30)
(%)%
IP-10 2600 ng/m| — no./total no.  101/428 (24) 53/128 (41)
(%8)§
Fibrosis score =F2 — no. (%)9 127 (29) 66 (50)
HCV RNA — log,, IU/ml 6.53+0.55 6.64+0.45

* Plus—minus values are means +SD. Differences in baseline characteristics

§

between the cohort of previously untreated patients and the cohort of patients
who had not had a response to prior therapy were assessed with the use of
chi-square tests for categorical data and one-way analysis of variance for contin-
uous data. The IL28B genotype, interferon-y—inducible protein 10 (IP-10 level),
fibrosis score, and hepatitis C virus (HCV) RNA level differed significantly be-
tween the group that had not received prior treatment and the group that had
not had a response to prior treatment (P<0.001, P<0.001, P<0.001, and P=0.03,
respectively). No other significant between-group differences were identified. The
baseline characteristics for each treatment subgroup are shown in Tables S2 and S3
in the Supplementary Appendix.

Race and ethnic group were self-reported.

A score on the homeostasis model assessment of insulin resistance (HOMA-IR)
of more than 3 indicates insulin resistance, and a score of more than 5 indi-
cates severe insulin resistance. A baseline HOMA-IR score of at least 2 is a
predictor of poor response to therapy with peginterferon and ribavirin.*>

A baseline plasma level of IP-10 of at least 600 ng per milliliter is a predictor
of poor response to therapy with peginterferon and ribavirin.*?

9§ The fibrosis score was determined by means of liver biopsy (Metavir or Ishak

score), FibroScan (Echosens), or FibroTest (BioPredictive). Details of scoring
are provided in Table S4 in the Supplementary Appendix. Scores for fibrosis
range from 0 (no fibrosis) to 4 (cirrhosis).

226

rs12979860 haplotype, HCV subtype, race, or
HCV RNA level at baseline (Table S7 and S8 in
the Supplementary Appendix). The rates of sus-
tained virologic response were highest in the
groups that received regimens that included
three direct-acting agents plus ribavirin, but
comparisons of the group that received three
direct-acting agents plus ribavirin for 12 weeks
with groups that received two direct-acting
agents plus ribavirin did not show significant
differences (Fig. 3). Among patients adminis-
tered three direct-acting antiviral agents with
ribavirin for 12 weeks, the rates of sustained vi-

N ENGL J MED 370;3
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rologic response at 24 weeks after treatment were
96% among previously untreated patients and
93% among those who had not had a response to
prior therapy.

Analysis According to Duration of Therapy

The rate of sustained virologic response at 24 weeks
after treatment was higher among previously un-
treated patients who received three direct-acting
agents plus ribavirin for 12 weeks than among
those who received the same therapy for 8 weeks
(96% and 88%, respectively) (Fig. 3), but the dif-
ference was not significant. Among previously un-
treated patients who received three direct-acting
agents with ribavirin, relapse after treatment oc-
curred in 12%, 1%, and 2% of patients randomly
assigned to 8 weeks, 12 weeks, and 24 weeks of
therapy, respectively. None of these patients had
virologic breakthrough. Among patients who had
not had a response to prior therapy and who re-
ceived this regimen, there were no relapses among
patients treated for 12 weeks or for 24 weeks;
7% and 2% of the patients, respectively, had viro-
logic breakthrough. A 24-week duration of ther-
apy, as compared with a 12-week duration, was
not associated with an increase in the rate of sus-
tained virologic response, among either previously
untreated patients or patients who had not had a
response to prior therapy (P=0.24 and P=0.71,
respectively). Information on virologic failure in
each group is provided in Tables S9 and S10 in
the Supplementary Appendix.

Among 166 patients with HCV genotype 1b
infection who were previously untreated or who
had not had a response to prior therapy and
who received 12 or 24 weeks of any treatment
regimen in this study, none had virologic fail-
ure. Relapse occurred in 1 patient with HCV
genotype 1b infection who received 8 weeks of
treatment.

No resistance-associated variants emerging dur-
ing the treatment period were detected in 7 of
the 10 samples from patients with relapse in
the 8-week treatment group. In the 12-week and
24-week treatment groups, all but 1 of the
samples obtained at breakthrough or relapse
showed the emergence of variants known to con-
fer resistance to ABT-450, ABT-267, or ABT-333.
The most frequently detected variants that devel-
oped during the treatment period were at amino
acid positions 168 in NS3, 28 and 30 in NS5A,
and 556 in NS5B.
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[ ABT-450/r+ABT-333+ABT-267+RBV  [] ABT-450/r+ABT-267+RBV

[ ABT-450/r+ABT-333+RBV [0 ABT-450/r+ABT-333+ABT-267
A Previously Untreated Patients B Patients without a Response
to Prior Therapy
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Group Group

Figure 2. Rates of Sustained Virologic Response at 24 Weeks after the End of Treatment.

The rates of sustained virologic response at 24 weeks after treatment were calculated in the modified intention-to-
treat population. Panel A shows the results in the cohort of previously untreated patients (groups 1 through 6), and
Panel B the results in the cohort of patients who had not had a response to prior therapy (groups 7, 8, and 9). The
duration of treatment was 8 weeks in group 1; 12 weeks in groups 2, 3, 4, 5, 7, and 8; and 24 weeks in groups 6 and 9.
I bars indicate 95% confidence intervals.

Rate of Sustained Comparator Group vs. Group 5
Comparison Virologic Response P Value Difference in Rate of Sustained
Virologic Response (95% Cl)
Group 1 vs. Group 5 88% vs. 96% 0.08 I—I—E—I
8-Wk vs. 12-wk duration '
Group 2 vs. Group 5 83% vs. 96% 0.06 I & :I
Contribution of ABT-267 !
Group 3 vs. Group 5 89% vs. 96% 0.09 o
Contribution of ABT-333 !
Group 4 vs. Group 5 89% vs. 96% 0.09 I—I—E—|
Contribution of RBV '
Group 6 vs. Group 5 91% vs. 96% 0.24 I—I—E—|
24-Wk vs. 12-wk duration !
I T T T 1
-30.0 -20.0 -10.0 0.0 10.0
Group 5 Better Comparator
Group
Better

Figure 3. Comparison of Rates of Sustained Virologic Response at 24 Weeks after Treatment among Previously
Untreated Patients, According to Treatment Regimen.

Boxes show the differences in the rates of sustained virologic response at 24 weeks after treatment between the
group of previously untreated patients who received the three direct-acting antiviral agents (ABT-450/r, ABT-333,
ABT-267) and ribavirin for 12 weeks (group 5; 79 patients) and groups of previously untreated patients who received
other regimens or durations of treatment. Group 1 (80 patients) received 8 weeks of the three direct-acting antiviral
agents and ribavirin; group 2 (41 patients) received 12 weeks of ABT-450/r, ABT-333, and ribavirin; group 3 (79 pa-
tients) received 12 weeks of ABT-450/r, ABT-267, and ribavirin; group 4 (79 patients) received 12 weeks of ABT-450/r,
ABT-333, and ABT-267; and group 6 (80 patients) received 24 weeks of the three direct-acting antiviral agents and
ribavirin. Horizontal bars show the 95% confidence intervals of the differences in the rates of sustained virologic
response at 24 weeks after treatment.
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subgroup are shown in Table S12 in the Supplementary Appendix. Chemical and hematologic abnormalities of grade 3 or 4 occurring in more than one patient in any group are listed.
A total bilirubin level of grade 3 was defined as a level of more than 3 times the upper limit of the normal range to 10 times the upper limit of the normal range, and grade 4 as a level

* Common adverse events listed here are events occurring during the treatment period in more than 20% of patients in any group. Events occurring in more than 5% of patients in any

INTERFERON-FREE THERAPY FOR HCV GENOTYPE 1

SAFETY
A total of eight patients (1%) discontinued study-
drug therapy owing to adverse events, including
six previously untreated patients and two who
had not had a response to prior therapy (Table 2).
The reasons for discontinuation included affective
disorder, homicidal ideation, convulsion, jitteri-
ness, and confusional state. Six of these patients
had a sustained virologic response at 24 weeks
after treatment, including both patients who had
not had a response to prior therapy. Serious ad-
verse events occurred in eight patients (1%) dur-
ing the study treatment period or the following
30 days (Table 2). One event (arthralgia) was con-
sidered by the investigator to be possibly related
to a study drug.

Adverse events that occurred during treat-
ment in more than 20% of patients in any group
are shown in Table 2. The most common adverse
events were fatigue, headache, nausea, and in-
somnia. The nature and frequency of adverse
events were similar across treatment groups.
Adverse events that occurred during treatment
in more than 5% of patients in any subgroup are
listed in the Table S12 in the Supplementary
Appendix.

Laboratory abnormalities of grade 3 or 4 that
occurred in more than 1 patient in any group are
shown in Table 2. A total of 11 patients (2%)
had grade 3 elevations in the bilirubin concen-
tration (predominantly indirect bilirubin), which
normalized during or immediately after treat-
ment. No patient had a grade 4 elevation. These
elevations were not associated with elevations in
aminotransferase levels. A total of 5 patients (1%)
had a grade 3 elevation in the alanine amino-
transferase level, with a maximum alanine ami-
notransferase level of 408 U per liter; there were
no grade 4 elevations. Alanine aminotransferase
levels normalized in each case without interrup-
tion of the study drug. Triglyceride values of
grade 3 or 4 were observed in 7 patients (1%); in
4 patients, the samples were not obtained while
the patient was fasting. Anemia developed dur-
ing the treatment period in 5% of previously
untreated patients, in 6% of patients who had
not had a response to prior therapy, and in 1%
of patients who did not receive ribavirin. No
grade 3 or 4 decreases in the hemoglobin level
were observed. Additional details regarding pa-
tients with laboratory abnormalities of grade 3
or 4 are provided in the Supplementary Appendix.

3 was defined as a level of less than 130 mmol per liter to 120 mmol per liter, and grade 4 as a level of less than 120 mmol per liter. A triglyceride level of grade 3 was defined as a level

of more than 500 mg per deciliter (6 mmol per liter) to 1000 mg per deciliter (12 mmol per liter), and grade 4 as a level of more than 1000 mg per deciliter. An increased white-cell
defined as a count of less than 0.5x10° per liter to 0.2 x10° per liter, and grade 4 as less than 0.2x10° per liter. Values of grade 3 and 4 also had to be more extreme than the baseline

values.
(occurring in one patient each); asthenia, jitteriness, and confusional state occurring in the same patient; and headache, constipation, nausea, diarrhea, aphthous stomatitis, general-

ized pruritus, and burning sensation occurring in the same patient.
i Serious adverse events that occurred during the treatment period were affective disorder, animal bite, arthralgia, acute cholecystitis, and facial paresis (occurring in one patient each);

increased blood creatinine level and bronchitis occurring in the same patient; the cervicobrachial syndrome, neck pain, and osteoarthritis of the spine occurring in the same patient;

and lung disorder and pneumonia occurring in the same patient.

of more than 250 mg per deciliter (14 mmol per liter) to 500 mg per deciliter (28 mmol per liter), and grade 4 as a level of more than 500 mg per deciliter. A low sodium level of grade
§ The measurement was of predominantly indirect bilirubin.

of more than 10 times the upper limit of the normal range. An alanine aminotransferase level of grade 3 was defined as a level of more than 5 times the upper limit of the normal range
to 20 times the upper limit of the normal range, and grade 4 as a level of more than 20 times the upper limit of the normal range. A high glucose level of grade 3 was defined as a level
count of grade 3 was defined as a count of more than 20x10° per liter to 25x10° per liter, and grade 4 as a count of more than 25x10° per liter. A lymphocyte count of grade 3 was

7 Adverse events leading to the discontinuation of treatment were decreased creatinine clearance, affective disorder, homicidal ideation, convulsion, cholestatic hepatitis, and anxiety

9 Bilirubin elevations of grade 3 were not concurrent with aminotransferase elevations of grade 3.
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DISCUSSION

In this phase 2b study of interferon-free antiviral
regimens for the treatment of chronic HCV geno-
type 1 infection without cirrhosis, the treatment
regimens were associated with rates of sustained
virologic response at 24 weeks after treatment
that ranged from 83 to 100%. Among previously
untreated patients, the rate of treatment failure
was lower among those receiving three direct-
acting agents plus ribavirin for 12 weeks than
among those who received the same regimen for
only 8 weeks and among those who received few-
er agents; extending the treatment to 24 weeks
offered no further benefit. However, no differ-
ences in the rates of sustained virologic response
reached statistical significance. The higher num-
ber of relapses among patients in the 8-week
treatment group (in 10 of 80 patients, vs. in 1 of
79 patients in the 12-week treatment group) and
the absence of resistance-associated variants in
most patients who had a relapse in the 8-week
treatment group suggest that 8 weeks of treat-
ment might not be sufficient to eradicate the sus-
ceptible HCV population in these patients.
Treatment durations longer than 8 weeks were
not associated with a less favorable safety profile.

The 12-week regimen was also associated
with a 93% rate of sustained virologic response
at 24 weeks after treatment among patients who
had not had a response to prior therapy, with a
similar rate among patients treated for 24 weeks,
which suggests that 12 weeks may be the pre-
ferred duration in this population as well. Previous
studies have shown that patients who have not
had a response to prior therapy with peginter-
feron and ribavirin have a poorer response to
retreatment than do previously untreated pa-
tients, regardless of whether the treatments are
interferon-based regimens or interferon-free com-
binations.'®#4-1¢ In the current study, the rates
of sustained virologic response at 24 weeks after
treatment were similar among previously treated
patients and patients who had not had a response
to prior therapy. In addition, the rates in this
study were consistently high, even in the pres-
ence of baseline characteristics that have been
associated historically with poor rates of response
to treatment, such as host IL28B non-CC geno-
type, HCV genotype 1a infection, black race, and
high baseline HCV RNA levels.

Response rates to interferon-free, protease
inhibitor—-containing combination therapy have
been reported to be higher among patients with
HCV genotype 1b infection than among those
with HCV genotype 1a infection.'”*# In this study,
among 166 patients with HCV genotype 1b in-
fection who received any 12-week or 24-week
regimen and had not received treatment previ-
ously or had not had a response to prior therapy,
there were no treatment failures, and only 1 of
24 patients who received an 8-week regimen had
a relapse. These results suggest that a regimen
containing fewer agents (e.g., without ribavirin)
may be effective in treating this population, but
this possibility would need to be explored in
larger studies.

The results of other studies of interferon-free
therapies currently in development have recently
been published. Various regimens consisting of
the investigational protease inhibitor faldaprevir
and the nonnucleoside polymerase inhibitor dele-
obuvir with ribavirin, with treatment duration of
16 to 40 weeks, were associated with rates of sus-
tained virologic response at 12 weeks after treat-
ment of 52 to 69% among previously untreated
patients with HCV genotype 1 infection, with low
response rates among patients with HCV geno-
type 1a infection or an IL28B non-CC genotype.*®
A 12-week regimen of the nucleotide polymerase
inhibitor sofosbuvir with ribavirin was associ-
ated with rates of sustained virologic response at
24 weeks after treatment of 84% among 25 pre-
viously untreated patients with HCV genotype 1
infection and 10% among 10 patients who had
not had a response to prior therapy.'®

Preliminary data suggest that the addition of
the NS5A inhibitor ledipasvir to sofosbuvir and
ribavirin can improve the rates of sustained vi-
rologic response among patients who have not
had a response to prior therapy.2° That finding
is consistent with the similar rates we observed
among previously untreated patients and those
who had not had a response to prior therapy,
suggesting that a regimen that is active against
multiple viral targets may provide additional
benefit in patients who have not had a response
to prior therapy.

In this study, 1% of the patients had a serious
adverse event during the study treatment period
and the following 30 days; 1% of patients dis-
continued the study drug owing to an adverse
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event. Larger studies are needed, but this pre-
liminary assessment of adverse events compares
favorably with the findings in studies of treat-
ment with telaprevir or boceprevir plus peginter-
feron and ribavirin, in which serious adverse events
occurred in 9 to 14% of patients, and 10 to 16% of
patients discontinued therapy owing to adverse
events.>”*> The most common laboratory abnor-
mality of grade 3 or 4 in this study, observed in
2% of patients, was a grade 3 elevation in the
total bilirubin level. This finding appears to be
related to the known inhibitory effect of prote-
ase inhibitors on the organic anion—-transporting
polypeptide 1B1.2%:22

This study had several limitations. First, the
open-label design could bias the assessment of
adverse events. However, the use of objective,
laboratory-based efficacy end points and labo-
ratory assessments for safety mitigate this
limitation. Second, the small number of pa-
tients in each study group limits the power to
detect differences between groups. Third, pa-
tients with cirrhosis, who are less likely than
those without cirrhosis to have a response to
peginterferon and ribavirin,>*> were excluded
from this study. Finally, the fibrosis stage at

baseline was assessed by means of serum bio-
markers, transient elastography, or biopsy. The
use of various methods limits the ability to as-
sess the effect of the disease stage at baseline
on treatment response.

In conclusion, in this phase 2b study, interferon-
free combinations of ABT-450/r, ABT-267, ABT-333,
and ribavirin were associated with high rates of
sustained virologic response at 24 weeks after treat-
ment among previously untreated patients with
chronic HCV genotype 1 infection and among pa-
tients who had not had a response to prior therapy.
These preliminary data suggest that a 12-week
regimen of three direct-acting agents plus ribavi-
rin is efficacious in patients without cirrhosis who
either had not received treatment previously or had
not had a response to prior therapy.
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