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ABSTRACT

BACKGROUND

Patients with chronic hepatitis C virus (HCV) infection who have not had a response
to therapy with peginterferon and ribavirin may benefit from the addition of mul-
tiple direct-acting antiviral agents to their treatment regimen.

METHODS

This open-label, phase 2a study included an exploratory cohort of 21 patients with
chronic HCV genotype 1 infection who had not had a response to previous therapy
(i.e., had not had >2 log,, decline in HCV RNA after >12 weeks of treatment with
peginterferon and ribavirin). We randomly assigned patients to receive the NS5A
replication complex inhibitor daclatasvir (60 mg once daily) and the NS3 protease
inhibitor asunaprevir (600 mg twice daily) alone (group A, 11 patients) or in com-
bination with peginterferon alfa-2a and ribavirin (group B, 10 patients) for 24 weeks.
The primary end point was the percentage of patients with a sustained virologic
response 12 weeks after the end of the treatment period.

RESULTS

A total of 4 patients in group A (36%; 2 of 9 with HCV genotype 1a and 2 of 2 with
genotype 1b) had a sustained virologic response at 12 weeks after treatment and
also at 24 weeks after treatment. Six patients (all with HCV genotype 1a) had viral
breakthrough while receiving therapy, and resistance mutations to both antiviral
agents were found in all cases; 1 patient had a viral response at the end of treatment
but had a relapse after the treatment period. All 10 patients in group B had a sus-
tained virologic response at 12 weeks after treatment, and 9 had a sustained viro-
logic response at 24 weeks after treatment Diarrhea was the most common adverse
event in both groups. Six patients had transient elevations of alanine aminotrans-
ferase levels to more than 3 times the upper limit of the normal range.

CONCLUSIONS
This preliminary study involving patients with HCV genotype 1 infection who had
not had a response to prior therapy showed that a sustained virologic response can
be achieved with two direct-acting antiviral agents only. In addition, a high rate of
sustained virologic response was achieved when the two direct-acting antiviral agents
were combined with peginterferon alfa-2a and ribavirin. (Funded by Bristol-Myers
Squibb; ClinicalTrials.gov number, NCT01012895.)
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PPROXIMATELY 180 MILLION PEOPLE

worldwide are infected with hepatitis C vi-

rus (HCV), including 4.1 million in the
United States.»»? HCV infection is the most com-
mon cause of chronic liver disease in the United
States and a leading cause of cirrhosis and hepa-
tocellular carcinoma globally.3* HCV is classified
into six major genotypes; genotype 1 is predomi-
nant in the United States and is the most difficult
to treat.>®

Treatment of HCV genotype 1 infection with
peginterferon alfa and ribavirin for 48 weeks re-
sults in 24-week sustained virologic response (un-
detectable HCV RNA 24 weeks after the end of
therapy) in 40 to 50% of patients who have not
received previous treatment.”-° Patients are con-
sidered as not having had a response if they do not
have a reduction in HCV RNA levels by at least
2 log,, IU per milliliter after a minimum of 12
weeks of treatment with peginterferon and riba-
virin.° Retreatment with triple therapy — a pro-
tease inhibitor, peginterferon, and ribavirin —
yields rates of sustained virologic response of only
14 to 33%.1%12 Gane and colleagues found that
treatment for 13 days with a combination of two
direct-acting antiviral agents without peginterfer-
on or ribavirin can suppress HCV RNA levels in
patients who have not had a response to previous
treatment with peginterferon and ribavirin.*?
These results suggest that additional studies of
combinations of direct-acting antiviral agents are
warranted.

Daclatasvir is a first-in-class, highly selective
HCV NS5A replication complex inhibitor with pico-
molar potency in vitro.** Asunaprevir is a highly
active HCV NS3 protease inhibitor.*> Both dacla-
tasvir and asunaprevir produce robust declines in
HCV RNA levels in patients with HCV genotype 1
infection,'®” and administration of the two drugs
in combination did not produce a clinically mean-
ingful pharmacokinetic interaction.® In this study,
daclatasvir and asunaprevir were administered
in combination, with or without peginterferon
alfa-2a and ribavirin, for 24 weeks in patients
with HCV genotype 1 infection who had not had
a response to previous treatment with peginter-
feron and ribavirin. We report preliminary data
from the exploratory cohort, including the per-
centages of patients with sustained virologic re-
sponse at 12, 24, and 48 weeks after the end of
the treatment period.

METHODS

PATIENTS

We screened 56 patients and enrolled 21 of them
in an exploratory cohort to assess safety and an-
tiviral activity. Patients were enrolled at seven cen-
ters in the United States during the period from
December 2009 through February 2010. Eligible
patients were men and women, 18 to 70 years of
age, who had chronic HCV genotype 1 infection,
an HCV RNA level of 10° IU per milliliter or higher,
and no evidence of cirrhosis, as documented by
means of either liver biopsy or assessment of se-
rum markers of cirrhosis (a FibroTest score of
<0.72, on a scale of 0 to 1, with higher scores in-
dicating more severe fibrosis, and a score on the
aspartate aminotransferase:platelet ratio index
[APRI] of <2, with higher scores indicating a great-
er likelihood of extensive fibrosis.).1921 Patients
were required to have had no response to previ-
ous HCV therapy, as defined previously. Written
informed consent was obtained from all patients.

STUDY OVERSIGHT

The study was approved by the institutional review
board at each participating site and was conducted
in compliance with the Declaration of Helsinki,
Good Clinical Practice guidelines, and local reg-
ulatory requirements. The study was designed and
conducted by the sponsor (Bristol-Myers Squibb)
in collaboration with the principal investigators.
The sponsor collected the data, monitored the
study conduct, and performed the statistical analy-
ses. The first draft of the manuscript was pre-
pared by the principal academic and sponsor au-
thors, with assistance from a medical writer paid
by Bristol-Myers Squibb and with input from all
the other authors. The principal academic and
sponsor authors reviewed and edited every version
of the manuscript. All the authors reviewed major
changes to the drafts and approved the final man-
uscript. All the authors had access to the data and
assume responsibility for the veracity and com-
pleteness of the reported data and for the fidelity
of the study to the protocol. The study protocol,
including the statistical analysis plan, is available
with the full text of this article at NEJM.org.

STUDY DESIGN
This was an open-label, proof-of-concept, phase 2a
study. Eligible patients were randomly assigned,

N ENGL) MED 366;3 NEJM.ORG JANUARY 19, 2012

The New England Journal of Medicine

Downloaded from nejm.org by JULES LEVIN on January 18, 2012. For personal use only. No other uses without permission.

Copyright © 2012 Massachusetts Medical Society. All rights reserved.

217



218

The NEW ENGLAND JOURNAL of MEDICINE

in a 1:1 ratio, to receive daclatasvir and asunapre-
vir for 24 weeks (group A) or to receive daclatasvir,
asunaprevir, peginterferon alfa-2a (Pegasys, Roche),
and ribavirin (Copegus, Roche) for 24 weeks
(group B) (see Fig. 1 in the Supplementary Appen-
dix, available at NEJM.org). Daclatasvir was ad-
ministered orally at a dose of 60 mg once daily,
and asunaprevir was administered orally at a dose
of 600 mg twice daily. No dose reductions of da-
clatasvir or asunaprevir were permitted. Patients
in group B also received 180 ug per week of peg-
interferon alfa-2a, administered subcutaneously,
and ribavirin, administered orally twice daily,
with doses determined according to body weight
(1000 mg daily in patients with body weight of
<75 kg, and 1200 mg daily in patients with body
weight of 275 kg). Randomization was stratified
according to HCV subtype (1a or 1b), with no more
than two patients with genotype 1b enrolled in
each treatment group. Patients in group A were
eligible to have peginterferon alfa-2a and ribavi-
rin added to their regimens for up to 48 weeks in
the event of viral breakthrough.

The IL28B genotype was assayed with the use
of a TagMan genotyping assay (Applied Biosys-
tems) for the rs12979860 single-nucleotide poly-
morphism (SNP).

EFFICACY ASSESSMENTS
Plasma HCV RNA levels were measured with the
use of the COBAS TagMan HCV test, version 2.0
(Roche), with a lower limit of quantification of
25 IU per milliliter and a lower limit of detection
of 10 IU per milliliter. HCV RNA assays were per-
formed at baseline and on days 1 through 7, 9, 11,
and 14; at week 3; and every 2 weeks from week 4
through week 12. Between weeks 12 and 24, HCV
RNA levels were measured every 4 weeks in the
patients in group B and every 2 weeks in the pa-
tients in group A who did not have viral break-
through. In the patients in group A who had viral
breakthrough, HCV RNA levels were measured
every 4 weeks after the addition of peginterferon
and ribavirin. In patients from both groups who
completed 24 weeks of treatment, HCV RNA was
measured at weeks 4 and 12 after the end of the
treatment period and every 12 weeks thereafter
until week 48. All patients who did not have viral
breakthrough have completed 48 weeks of post-
treatment follow-up.

SAFETY ASSESSMENTS

Adverse events and results of clinical laboratory
tests were recorded throughout the treatment and
follow-up periods. Physical examinations and elec-
trocardiographic studies were performed at the
time of screening, at baseline, at weeks 1, 2, and
4, and every 4 weeks thereafter until the end of
the treatment period.

VIRAL BREAKTHROUGH, RELAPSE, AND RESISTANCE
MONITORING

Viral breakthrough during the treatment period
was defined as an increase from the nadir in
HCV RNA of at least 1 log,, IU per milliliter or an
HCV RNA level of 25 IU per milliliter or more in
patients who had had undetectable HCV RNA lev-
els at or after week 4. Viral relapse was defined
as confirmed detectable HCV RNA levels during
the post-treatment follow-up period in patients
who had had undetectable HCV RNA levels at the
end of treatment. All samples that were obtained
during or after the treatment period from patients
with viral breakthrough or viral relapse were ana-
lyzed for resistance genotypes. The HCV NS3 pro-
tease domain and the NS5A domain were ana-
lyzed by means of population sequencing and
clonal analysis.

END POINTS
The primary efficacy end point was the propor-
tion of patients with undetectable HCV RNA (HCV
RNA levels of <10 IU per milliliter) 12 weeks after
the completion of the study treatment. Secondary
efficacy end points included the proportions of
patients with undetectable HCV RNA at weeks 4,
12, and 24 during the treatment period and at
weeks 24 and 48 after the end of the treatment
period. Safety end points included the frequencies
of adverse events, serious adverse events, discon-
tinuations due to adverse events, and changes in
clinical laboratory-test values.

STATISTICAL ANALYSIS
For binary end points related to antiviral activity,
including the primary efficacy end point, the
analyses included all patients who received at least
one dose of study medication (modified intention-
to-treat population). The numerator comprised pa-
tients who received treatment and who met the cri-
teria for response, with patients in group A who
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had peginterferon and ribavirin added to their
regimens as rescue therapy classified as having
had treatment failure. selected antiviral-activity end
points were also summarized according to HCV
subtype (1a or 1b). No adjustments have been made
for multiple testing.

RESULTS

PATIENTS
A total of 21 patients were enrolled (11 in group A
and 10 in group B) (Fig. 1 in the Supplementary
Appendix). The baseline characteristics of the treat-
ment groups are shown in Table 1. As expected
in the case of a cohort of patients who did not
have a response to prior treatment with peginter-
feron and ribavirin, genotyping of the IL28B
rs12979860 SNP showed that 19 patients had a CT
or TT genotype.

VIROLOGIC RESPONSE
Group A

HCV RNA levels in the patients in group A de-
clined rapidly after the initiation of treatment
(Fig. 1A). At week 2, the median decrease in HCV
RNA from baseline was 5.1 log,, IU per milliliter,
and seven patients (64%) had undetectable HCV
RNA at week 4 (rapid virologic response). Four
patients (36%) had a sustained virologic response
at 12 weeks after the end of the treatment period,
and all four also had a sustained virologic response
at week 24 after treatment (Table 2). Three of
these patients also had a sustained virologic re-
sponse at week 48 after treatment; the fourth had
HCV RNA of less than 25 IU per milliliter at week
48 after treatment and undetectable HCV RNA 43
days later.

Viral relapse occurred in one patient (with HCV
genotype 1a) at week 4 after treatment. This pa-
tient had had undetectable HCV RNA at week 4
during the treatment period, and the levels had
remained undetectable through week 24 (end of
treatment). An analysis of baseline samples re-
vealed a preexisting variant conferring resistance
to asunaprevir (see below). Viral breakthrough
occurred in six patients (55%), all with HCV geno-
type 1a, as early as week 3 and as late as week
12. All six patients had peginterferon and riba-
virin added to their regimen (rescue therapy), re-
sulting in initial reductions in HCV RNA in all

N ENGL ) MED 366;3

Table 1. Baseline Demographic Characteristics of the Patients
and Characteristics of the Disease.*
Group A

Characteristic (N=11)
Age —yr

Median 54.0

Range 36-61
Male sex — no. (%) 9 (82)
Race — no. (%)

White 9 (82)

Black 2 (18)
HCV genotype — no. (%)

la 9 (82)

1b 2 (18)
IL28B rs12979860 genotype — no. (%)

CTorTT 10 (91)

de 1(9)
HCV RNA log,, — IU/ml 6.8+0.6
HCV RNA distribution — no. (%)

<800,000 0

=800,000 11 (100)
Baseline ALT — U/liter 70.5+57.65

Group B
(N=10)

56.5
38-63
4 (40)

9 (90)
1 (10)

9 (90)
1(10)
6.6+0.8

2 (20)
8 (80)
57.9+29.94

* Plus—minus values are means +SD. Group A included patients who received
the NS5A replication complex inhibitor daclatasvir and the NS3 protease in-
hibitor asunaprevir alone for 24 weeks. Group B included patients who re-
ceived daclatasvir and asunaprevir in combination with peginterferon alfa-2a
and ribavirin for 24 weeks. ALT denotes alanine aminotransferase, and HCV

hepatitis C virus.
T Race was self-reported.

cases (Fig. 1B). Peak HCV RNA levels at the ini-
tiation of rescue therapy ranged from 6.5x10? to
3.2x10° IU per milliliter. In four of these six pa-
tients, HCV RNA became undetectable while they
were receiving rescue therapy; two of them had
a relapse after the treatment period, whereas HCV
RNA remained undetectable in the other two at
the most recent testing, one at 14 weeks and one
at 42 weeks after treatment. The remaining two
patients never achieved undetectable HCV RNA,
and treatment was discontinued.

Group B

HCV RNA levels declined rapidly and remained
suppressed throughout the study in all the pa-
tients in group B (Fig. 1C). At week 2, the median
decrease from baseline in HCV RNA was 5.3
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Figure 1. HCV RNA Levels in Groups A and B.

Panel A shows HCV RNA levels over time in the patients
in group A, who received the NS5A replication complex
inhibitor daclatasvir and the NS3 protease inhibitor
asunaprevir alone for 24 weeks. For patients who had
viral breakthrough, HCV RNA levels are shown up to
the time rescue therapy was initiated. In one patient,
HCV RNA levels were less than the lower limit of quantifi-
cation (LLOQ; 25 IU per milliliter) at post-treatment (PT)
week 48 (asterisk) and were undetectable on retesting
43 days later. Panel B shows HCV RNA levels after the
initiation of rescue therapy (peginterferon alfa-2a and
ribavirin added to direct-acting antiviral therapy) in the
six patients in group A who had viral breakthrough (the
same symbols are used in Panels A and B). HCV RNA
levels are shown from the initiation of rescue therapy
(day 0) until the time the database was locked. Patients
received rescue therapy for up to 48 weeks, after which
all treatment was discontinued. Panel C shows HCV RNA
levels in the patients in group B, who received daclatasvir
and asunaprevir in combination with peginterferon alfa-2a
and ribavirin for 24 weeks. In one patient, HCV RNA levels
were less than the LLOQ at week 48 after treatment
(asterisk) and were undetectable on retesting 13 days
later. The lower limit of detection (LLOD) of HCV RNA
was less than 10 IU per milliliter.
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had viral breakthrough. Several patients had tran-
siently detectable HCV RNA at levels below the
limit of quantification (<25 IU per milliliter) dur-
ing or after therapy (Fig. 1C). All 10 patients had
a sustained virologic response at week 12 after
treatment and all but 1 had a sustained virologic
response at week 24 after treatment (Table 2, and
Fig. 1 in the Supplementary Appendix). One pa-
tient had transiently detectable HCV RNA (<25 IU
per milliliter) at week 8 after treatment; HCV RNA
was undetectable at week 12 after treatment (Fig.
1C). Another patient had transiently detectable
HCV RNA (<25 IU per milliliter) at week 24 after
treatment, and undetectable HCV RNA when levels
were measured again 35 days later. Nine of the 10
patients had a sustained virologic response at week
48 after treatment; 1 patient had HCV RNA of less
than 25 IU per milliliter at week 48 after treat-
ment and undetectable HCV RNA 13 days later.

RESISTANCE

An analysis of samples from the six patients in
group A with viral breakthrough showed that
there were no resistance variants at baseline and
that resistance variants to both daclatasvir and
asunaprevir had emerged in all cases by the time

log,, IU per milliliter, and 6 patients (60%) had a of viral breakthrough. Viral variants in the NS5A

rapid virologic response. All 10 patients had un-

domain included Q30R, L31 M/V, and Y93C/N;

detectable HCV RNA by week 6, and no patient variants in the NS3 protease domain included
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R155K and D168A/E/T/V|Y. The patient with viral
relapse had a preexisting NS3 protease resistance
variant, R155K, at baseline and at the time of vi-
ral relapse, whereas the NS5A resistance variant
Q30E was detected only at relapse.

SAFETY
All the patients completed at least 24 weeks of
therapy. The most common adverse events were
diarrhea, fatigue, headache, and nausea (Table 3).
Most adverse events were mild to moderate. There
were no deaths, serious adverse events, or discon-
tinuations of study treatment due to adverse events
during the analysis period. One serious adverse
event of hospitalization for alcohol abuse was re-
ported 1 month after the completion of rescue
therapy. Grade 3 or 4 adverse events and labora-
tory-test abnormalities included fatigue (one pa-
tient in group A), neutropenia (six patients, all of
whom were receiving peginterferon alfa-2a and
ribavirin), and elevations of alanine aminotrans-
ferase levels (two patients in group A and one in
group B). There were no instances of grade 3 or
4 anemia or thrombocytopenia. There were no
clinically relevant changes in electrocardiographic
findings. There were seven adverse events leading
to dose reductions of peginterferon or ribavirin in
four patients in group B, including neutropenia
(three events), anemia (two), leukopenia (one), and
depression (one).

Six patients (four from group A, including two
who were receiving peginterferon and ribavirin
after viral breakthrough, and two from group B)
had transient elevations of alanine aminotrans-
ferase levels to greater than 3 times the upper
limit of the normal range (Fig. 2A and 2B in the
Supplementary Appendix). Elevated aminotrans-
ferase levels generally occurred between weeks
8 and 20. The peak alanine aminotransferase level
was 370 U per liter, and the maximum direct bili-
rubin level was 0.6 mg per deciliter. There was no
evidence of an association between elevations of
alanine aminotransferase levels and response to
therapy or viral breakthrough. No discontinua-
tions or interruptions of study treatment were re-
quired, and alanine aminotransferase levels sta-
bilized or improved in all patients.

DISCUSSION

In this study, we assessed the effect of coadmin-
istration for 24 weeks of two direct-acting antivi-
ral agents with different mechanisms of action,

N ENGL ) MED 366;3
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Table 2. Virologic Response during and after Treatment.*

Group A
(N=11)

Group B

Timing of Virologic Response (N=10)

number (percent)

During 24-wk treatment period

Wk 4: rapid virologic response 7 (64) 6 (60)
Wk 4 and wk 12: extended rapid virologic 4 (36) 6 (60)
response

Wk 12: Complete early virologic response 5 (45) 9 (90)T
Wk 24 5 (45) 10 (100)
During post-treatment period

Wk 4 4 (36) 10 (100)
Wk 12 4(36) 10 (100)
Wk 24 4 (36) 9 (90)3
Wk 48 3(27)§ 9 (90)9

s

* Patients were considered to have had virologic response if they had undetect-
able HCV RNA, which was defined as HCV RNA levels of less than 10 IU per
milliliter. The analyses were performed in the modified intention-to-treat popu-
lation (all patients who received at least one dose of study medication). Patients
who had viral breakthrough or relapse were classified as having had treatment
failure.

i One patient in group B had detectable but not quantifiable HCV RNA levels
(<25 1U per milliliter) at week 12 during treatment and undetectable HCV RNA
levels (<10 IU per milliliter) on retesting.

I One patient in group B had detectable but not quantifiable HCV RNA levels
at week 24 after treatment and undetectable HCV RNA levels on retesting
35 days later.

§ One patient in group A who had virologic response at weeks 4, 12, and 24 af-
ter treatment had detectable but not quantifiable HCV RNA levels at 48 weeks

after treatment and undetectable HCV RNA levels on retesting 43 days later.

9§ One patient in group B had detectable but not quantifiable HCV RNA levels

at week 48 after treatment and undetectable HCV RNA levels on retesting

13 days later.

daclatasvir and asunaprevir, alone or with pegin-
terferon alfa-2a and ribavirin, in an exploratory co-
hort of patients with HCV infection, who typically
do not have a response to retreatment with pegin-
terferon and ribavirin and are expected to have a
poor response to triple therapy with peginterferon
and ribavirin plus a protease inhibitor (bocepre-
vir or telaprevir).'%12 A total of 90% of the pa-
tients carried IL28B genotypes (the rs12979860
SNP CT or TT), which are associated with poor re-
sponse to peginterferon and ribavirin,?? and most
of the patients had HCV genotype 1a infection.
The low rate of sustained virologic response
achieved with peginterferon and ribavirin among
patients with HCV genotype 1 infection, coupled
with high rates of adverse effects, have stimulated
the development of direct-acting antiviral agents
and the study of regimens that exclude peginter-
feron, ribavirin, or both.13:23:2¢ Coadministration
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Adverse Event

Diarrhea
Fatigue
Headache
Nausea
Cough
Insomnia
Pyrexia
Chills
Dizziness

Dyspnea

Table 3. Adverse Events during the Treatment Period.*
Group A Group B
(N=11) (N=10)
number of patients (percent)
8 (73) 7 (70)
6 (55) 7 (70)
5 (45) 5 (50)
2 (18) 5 (50)
3(27) 2 (20)
3(27) 3 (30)
3(27) 1(10)
3 (27) 1(10)
2 (18) 2 (20)
2 (18) 2 (20)
2 (18) 2 (20)

Urinary tract infection

* All adverse events that occurred in at least four patients in the two groups
combined are included.

T The patients in group A were assigned to receive direct-acting antiviral therapy
alone; however, six patients in the group received rescue therapy with pegin-
terferon alfa-2a and ribavirin (in addition to the direct-acting antiviral therapy)
after viral breakthrough occurred. Adverse events that occurred in those pa-
tients are included here.

222

of daclatasvir and asunaprevir alone in group A
initially led to a rapid reduction in HCV RNA, with
all 11 patients achieving greater than a 4-log,,
decline. Ultimately, 5 patients had undetectable
HCV RNA at the end of the treatment period, and
4 had sustained virologic response at weeks 12
and 24 after treatment, establishing proof-of-con-
cept that sustained virologic response can be
achieved without peginterferon or ribavirin.
Both of the patients in group A who were in-
fected with HCV genotype 1b had sustained viro-
logic response at weeks 12 and 24 after treatment.
Six patients in group A (all with HCV genotype 1a
infection) had viral breakthrough. Previous stud-
ies have also shown that some patients receiving
combinations of direct-acting antiviral agents with-
out interferon have had viral breakthrough.?32
In our study, viral breakthrough correlated with
baseline HCV RNA levels (Table 1 in the Supple-
mentary Appendix) and did not appear to be
associated with pharmacokinetic findings at day
14 (data not shown). Although there were only
2 patients with HCV genotype 1b infection in
group A, the observation that both of the patients
had a sustained virologic response after treatment

N ENGL ) MED 366;3

with two direct-acting antiviral agents alone may
reflect a higher resistance barrier for this com-
bination of drugs in patients with HCV genotype
1b infection than in patients with HCV genotype
1a infection. A similar finding of a high rate of
sustained virologic response among patients with
HCV genotype 1b infection was shown in a pilot
study of combination therapy with asunaprevir
and daclatasvir in 10 Japanese patients who had
HCV genotype 1b infection and who had not had
a response to previous therapy with peginterferon
and ribavirin.?>

Although all six patients with viral break-
through initially had a response to the addition
of peginterferon and ribavirin as rescue therapy,
most ultimately had therapeutic failure during or
after the treatment period, which was consistent
with their previous lack of response to those
agents. The high frequency of resistance to two
classes of drugs that was seen in patients with
HCV genotype 1a infection who were treated with
direct-acting antiviral agents alone suggests that
studies of combinations of direct-acting antiviral
agents without peginterferon and ribavirin in pa-
tients with HCV genotype 1a infection should
proceed carefully.

In contrast to group A, no viral breakthrough
occurred in patients in group B, who were re-
ceiving quadruple therapy. All 10 patients in
group B achieved a sustained virologic response
at week 12 after treatment and all but 1 had a
sustained virologic response at week 24 after treat-
ment. The inclusion of peginterferon alfa-2a and
ribavirin with daclatasvir and asunaprevir pro-
vided sufficient antiviral activity to suppress the
emergence of resistance, an observation that is
consistent with in vitro data showing a synergism
of interferon and ribavirin with both direct-acting
antiviral agents.**'> Retreatment with peginter-
feron and ribavirin in patients who have not had a
previous response to those drugs is generally un-
successful, and even triple therapy with peginter-
feron, ribavirin, and telaprevir in these patients
produced rates of sustained virologic response of
approximately 30% at week 24 after treatment.!?
Gane and colleagues found that a combination of
two direct-acting antiviral agents can suppress
HCV RNA in patients who have not had a re-
sponse to peginterferon and ribavirin, but the
treatment with the combination of direct-acting
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antiviral agents was limited to 13 days and was
followed immediately by treatment with pegin-
terferon and ribavirin, thus preventing the assess-
ment of sustained response to the direct-acting
antiviral agents only.3

Among the 14 patients who had a sustained
virologic response at week 12 after treatment, an
HCV RNA level of less than 25 IU per milliliter
was detected in 1 patient at week 24 after treat-
ment and in 2 other patients at week 48 after
treatment. All 3 patients had undetectable HCV
RNA on retesting. These data indicate that late
relapse is unlikely to occur in patients who have
a sustained virologic response with combination
direct-acting antiviral agents at week 12 after
treatment.

The most common adverse event was diarrhea,
which was mild or moderate in all cases. Grade 3
or 4 neutropenia occurred in six patients, all of
whom were receiving peginterferon and ribavi-
rin in addition to the two direct-acting antiviral
agents. No grade 3 or 4 events related to hemo-
globin levels or platelet counts were observed.
Transient elevations of alanine aminotransferase
levels were observed in six patients; these eleva-
tions were not associated with clinically signifi-
cant increases in bilirubin level. In addition, we
did not find any association between these ele-
vations and a reduction in HCV RNA levels, viral
breakthrough, or pharmacokinetic findings at
day 14. Similar elevations of alanine aminotrans-
ferase levels were observed in a separate dose-
ranging study of asunaprevir in combination with
peginterferon and ribavirin,?® and a lower dose
of asunaprevir was selected for ongoing and fu-
ture studies.

In conclusion, therapy with daclatasvir, asuna-
previr, peginterferon alfa-2a, and ribavirin for
24 weeks provided a high rate of sustained viro-
logic response in patients with HCV genotype 1
infection who had not had a response to previ-
ous therapy with peginterferon and ribavirin. The
response in some patients to the combination
of daclatasvir and asunaprevir alone showed
proof-of-concept that a sustained virologic re-
sponse can be achieved without peginterferon
and ribavirin therapy. Both patients with HCV
genotype 1b infection who were treated with the
combination of direct-acting antiviral agents
alone had a sustained virologic response. In con-

trast, the response rate was low in patients with
genotype 1a infection. Overall, these results sug-
gest that further research with combinations of
direct-acting antiviral agents, with or without
peginterferon and ribavirin, is warranted. Future
studies should evaluate other combinations of
direct-acting antiviral agents with high potency
and nonoverlapping resistance profiles and inves-
tigate treatments tailored to specific characteris-
tics of the patient and the virus.
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