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IMPORTANCE Effective and well-tolerated, interferon-free regimens are needed for treatment

of patients with chronic hepatitis C virus (HCV) infection and cirrhosis.
OBJECTIVE All-oral therapy with daclatasvir (nonstructural protein 5A [NS5A] inhibitor),

asunaprevir (NS3 protease inhibitor), and beclabuvir (nonnucleoside NS5B inhibitor), with or
without ribavirin, was evaluated in patients with HCV genotype 1 infection and
compensated cirrhosis.
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DESIGN, SETTING, AND PARTICIPANTS The UNITY-2 study was conducted between December
2013 and October 2014 at 49 outpatient sites in the United States, Canada, France, and
Australia. Patients were treated for 12 weeks, with 24 weeks of follow-up after completion of
treatment. Adult patients with cirrhosis were enrolled in 2 cohorts: HCV treatment-naive or
HCV treatment-experienced. Statistical analyses were based on historical controls; there
were no internal controls.
INTERVENTIONS All patients received twice-daily treatment with the fixed-dose combination

of daclatasvir (30 mg), asunaprevir (200 mg), and beclabuvir (75 mg). In addition, patients
within each cohort were stratified according to HCV genotype 1 subtype (1a or 1b) and
randomly assigned (1:1) to receive double-blinded weight-based ribavirin (1000-1200 mg/d)
or matching placebo.
MAIN OUTCOMES AND MEASURES Sustained virologic response at posttreatment

week 12 (SVR12).
RESULTS One hundred twelve patients in the treatment-naive group and 90 patients in the
treatment-experienced group were treated and included in the analysis. Enrolled patients
were 88% white with a median age of 58 years (treatment-naive group) or 60 years
(treatment-experienced group); 74% had genotype 1a infection. SVR12 rates were 98%
(97.5% CI, 88.9%-100%) for patients in the treatment-naive group and 93% (97.5% CI,
85.0%-100.0%) for those in the treatment-experienced group when ribavirin was included in
the regimen. With the fixed-dose combination alone, response rates were 93% (97.5% CI,
85.4%-100.0%) for patients in the treatment-naive group and 87% (97.5% CI, 75.3%-98.0%)
for those in the treatment-experienced group. Three serious adverse events were considered
to be treatment related and there were 4 adverse event–related discontinuations.
Treatment-emergent grade 3 or 4 alanine aminotransferase elevations were observed
in 4 patients, of which 1 had concomitant total bilirubin elevation.
CONCLUSIONS AND RELEVANCE In this open-label uncontrolled study, patients with
chronic HCV genotype 1 infection and cirrhosis who received a 12-week oral fixed-dose
regimen of daclatasvir, asunaprevir, and beclabuvir, with or without ribavirin, achieved high
rates of SVR12.
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C

hronic hepatitis C virus (HCV) infection remains a
substantial cause of chronic liver disease, affecting
approximately 130 to 150 million indiv iduals
worldwide.1 An estimated 20% of patients with chronic HCV
infection will develop cirrhosis.2 The prevalence of cirrhosis
is increasing, primarily from continuing disease progression
in an aging population that acquired HCV infection prior to
widespread HCV testing and blood screening.3 Patients with
cirrhosis have increased risk of severe sequelae, such as
hepatic decompensation, hepatocellular carcinoma, and
death.2 Conversely, clearance of HCV infection with effective
treatment reduces the risk of disease progression and the
need for liver transplantation, and can lead to cirrhosis
regression and improved survival.4-6
Treatment regimens containing peginterferon are problematic for patients with cirrhosis because of reduced response rates and more frequent and severe adverse events.7-10
Furthermore, patients with cirrhosis more frequently have contraindications for peginterferon such as anemia, renal insufficiency, or thrombocytopenia. Consequently, interferonfree regimens comprising combinations of direct-acting
antivirals are being developed to increase response rates and
provide viable treatment options for patients with all stages
of liver disease.
The all-oral combination of daclatasvir (a potent, pangenotypic nonstructural protein 5A [NS5A] inhibitor), asunaprevir (an NS3 protease inhibitor), and beclabuvir (BMS
[Bristol-Myers Squibb]-791325; a nonnucleoside NS5B
thumb-1 polymerase inhibitor) was explored in a preliminary
study. After 12 weeks of therapy, sustained virologic
response at posttreatment week 12 (SVR12) was achieved by
92% of patients with HCV genotype 1 infection in the
treatment-naive group, including 13 of the 15 enrolled
patients with cirrhosis.11 The present study evaluated this
regimen, administered as a twice-daily fixed-dose combination tablet with or without ribavirin, in patients who were
treatment-naive and treatment-experienced with chronic
HCV genotype 1 infection and compensated cirrhosis.

Methods

Original Investigation Research

cebo twice daily. Patients were treated for 12 weeks with 24
weeks of posttreatment follow-up. Treatment adherence was
assessed by patients’ diaries and an accounting of pills. The protocol was approved by the institutional review board or independent ethics committee at each site and all patients provided written informed consent.

Patients
Patients were adults aged 18 years and older with HCV RNA
(≥104 IU/mL) and compensated cirrhosis, as defined by liver
biopsy demonstrating a METAVIR score of F4, a FibroScan score
of greater than 14.6 kPa within the previous year, or a FibroTest score of 0.75 or greater coupled with an aspartate aminotransferase (AST)-to-platelet ratio index of greater than 2 during screening.
Key exclusions included a history of hepatocellular carcinoma, hepatic decompensation events (ascites, hepatic encephalopathy, variceal hemorrhage), active or recent alcohol
abuse, coinfection with HIV or hepatitis B virus, body mass index greater than 35 (calculated as weight in kilograms divided by height in meters squared), or other significant medical conditions.
Key laboratory exclusions included an alanine aminotransferase (ALT) or AST level of at least 5 × the upper limit of normal (ULN), total bilirubin of at least 34 μmol/L, international
normalized ratio of at least 1.7, an albumin level lower than
3.5 g/dL, or a platelet level of less than 50 × 109 cells/L.
Patient race was self-described as white, black/African
American, Asian, American Indian/Alaska native, or other to
support assessments of the effect of race on SVR12.

Treatment Assignment and Blinding
After screening and confirmation of eligibility, patients within
each cohort were stratified according to genotype 1 subtype
(1a vs 1b) and randomly assigned to a study treatment group
via an interactive voice-response system using a computergenerated random allocation sequence (Figure 1). Patients, investigators, and the sponsor were blinded to ribavirin treatment assignment and HCV RNA results through posttreatment
week 12, with the exception of designated individuals who analyzed pharmacokinetics and drug resistance (statistical analysis plan appears in Supplement 2).

Study Design
The study was conducted between December 2013 and October 2014 at 49 outpatient sites in the United States, Canada,
France, and Australia. Two patient cohorts were enrolled: treatment-naive patients with no prior exposure to any interferon
formulation or direct-acting antivirals, and treatmentexperienced patients who had prior treatment with interferon and/or host-targeted antivirals or direct-acting antivirals other than NS3 or NS5A inhibitors or NS5B thumb-1
inhibitors, which were exclusionary (study protocol appears
in Supplement 1).
All patients received open-label daclatasvir (30 mg), asunaprevir (200 mg), and beclabuvir (75 mg) in a fixed-dose combination twice daily (DCV-TRIO). In addition, within each study
group, patients were randomly assigned (1:1) to receive blinded
weight-based ribavirin (1000-1200 mg/d) or matching plajama.com

Assessments and End Points
Plasma HCV RNA levels were assayed centrally using the HCV
COBAS TaqMan Test version 2.0 (Roche Molecular Systems),
with a lower limit of quantitation of 25 IU/mL and a lower limit
of detection of approximately 10 IU/mL. HCV RNA levels were
determined at baseline; on-treatment weeks 1, 2, 4, 6, 8, and
12; and posttreatment weeks 4, 8, and 12.
HCV genotypes and subtypes were assessed using the RealTime HCV Genotype II assay (Abbott) and the VERSANT HCV
genotype 2.0 line probe (LiPA) assay. IL28B genotype
(rs12979860 single-nucleotide polymorphism, which predicts treatment response with interferon-based regimens) was
determined by polymerase chain reaction amplification and
sequencing to assess possible relationships between IL28B
genotype and SVR12. NS5A, NS3, and NS5B variants were as(Reprinted) JAMA May 5, 2015 Volume 313, Number 17
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Figure 1. Patient Disposition for UNITY-2 From Screening Through Final Data Analysis
300 Patients screened for eligibility
98 Excluded
48 Laboratory values outside of protocol-defined limits
21 Absence of cirrhosis
5 Uncontrolled diabetes
3 Cardiac disease
3 Evidence of hepatic decompensation
2 Hepatocellular carcinoma
2 Exclusionary age or reproductive status
1 Non-genotype 1 infection
1 HCV RNA below minimum
1 Hepatitis B co-infection
1 Poor venous access
1 BMI outside study limits
1 Prior exposure to protease inhibitors
1 Unwilling to follow study procedures
7 Unknown
202 Met eligibility criteria

112 Treatment-naive group

90 Treatment-experienced group

112 Randomized

90 Randomized

57 Randomized to receive daclatasvir/
asunaprevir/beclabuvir a

55 Randomized to receive daclatasvir/
asunaprevir/beclabuvir plus ribavirin a

45 Randomized to receive daclatasvir/
asunaprevir/beclabuvir a

45 Randomized to receive daclatasvir/
asunaprevir/beclabuvir plus ribavirin a

57 Completed treatment period

55 Completed treatment period

44 Completed treatment period
1 Did not complete treatment
period (virologic breakthrough)

43 Completed treatment period
2 Did not complete treatment period
1 Virologic breakthrough
1 Adverse event

57 Included in the analysis

55 Included in the analysis

45 Included in the analysis

45 Included in the analysis

sessed in all patients with virologic failure and HCV RNA of at
least 1000 IU/mL. Virologic failure included on-treatment
breakthrough (confirmed HCV RNA increase ≥1 log10 IU/mL
from nadir, or HCV RNA increase to ≥25 IU/mL if previously
below this level), HCV RNA of at least 25 IU/mL at the end of
treatment, or posttreatment relapse (confirmed HCV RNA
≥25 IU/mL when HCV RNA was undetectable at the end of treatment). NS5A polymorphisms were assessed in all patients at
baseline by population-based sequencing (sensitivity 20% of
the viral population); and NS3 and NS5B polymorphisms were
assessed at baseline in a proportion of patients matched by
genotype 1 subtype and representing patients with or without subsequent SVR12 in a 2:1 ratio.
Adverse events, clinical laboratory assessments, vital signs,
and physical examinations were monitored at all study visits.
Patients were also monitored for a protocol-defined end point
of ALT (≥3 × ULN) and total bilirubin (≥2 × ULN).
The primary outcome measure was SVR12, defined as HCV
RNA less than the lower level of quantitation (25 IU/mL; target detected or not detected) at posttreatment week 12. Key
secondary end points included HCV RNA response at each ontreatment and posttreatment study visit; SVR12 by genotype 1
subtype, SVR12 by IL28B genotype; on-treatment frequencies
1738

of serious adverse events, adverse event–related discontinuations; and hematologic- or liver-related grade 3 or 4 laboratory abnormalities.

Statistical Analyses
The primary objective was to determine whether the SVR12 rate
in at least 1 treatment-naive group (with ribavirin or without
ribavirin) was significantly higher than a 69% historical threshold (eAppendix in Supplement 3). This threshold is a composite of response rates achieved in this population with approved direct-acting antivirals combined with peginterferon
and ribavirin. A 97.5% CI was applied. The type I error rate was
.025 (0.05/2; overall α level .05) for each group within a cohort using Bonferroni multiplicity adjustment for each group
and comparing with the historical threshold. The primary objective was achieved if the lower bound of the 97.5% CIs of SVR12
for at least 1 group exceeded the historical threshold. CIs were
based on the normal approximation to the binomial distribution unless the sample size was small for a subgroup (<30 patients) or proportions were close to 0% or 100% when exact
binomial CIs were used. The target sample size of 50 patients
per group of the treatment-naive cohort had a greater than 90%
probability to demonstrate that the SVR12 rate in at least 1 group
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Table 1. Patient Demographic and Baseline Disease Characteristics
No. (%)

Parameter
Age, median (range), y

Treatment-Naive Groups
Daclatasvir, Asunaprevir,
Beclabuvir
(n = 57)
58 (25-75)

Daclatasvir, Asunaprevir,
Beclabuvir + Ribavirin
(n = 55)
59 (35-73)

Treatment-Experienced Groups
Daclatasvir, Asunaprevir,
Daclatasvir, Asunaprevir,
Beclabuvir + Ribavirin
Beclabuvir
(n = 45)
(n = 45)
59 (19-76)
60 (48-73)

Male

39 (68.4)

35 (63.6)

32 (71.1)

27 (60.0)
37 (82.2)

Race
White

49 (86.0)

46 (83.6)

41 (91.1)

Black/African American

6 (10.5)

6 (10.9)

2 (4.4)

6 (13.3)

Asian

0

1 (1.8)

2 (4.4)

1 (2.2)

American Indian/Alaska native

2 (3.5)

1 (1.8)

0

0

Other

0

1 (1.8)

0

1 (2.2)

HCV RNA, mean log10 IU/mL, mean (SD)
HCV RNA ≥800 000 IU/mL

6.48 (0.62)
47 (82)

6.36 (0.84)
41 (75)

6.75 (0.36)
43 (96)

6.65 (0.49)
41 (91)

HCV genotype 1 subtype
1a

40 (70.2)

39 (70.9)

35 (77.8)

35 (77.8)

1b

17 (29.8)

15 (27.3)

10 (22.2)

10 (22.2)

HCV genotype 6

0

1 (1.8)a

0

0

Platelets × 103/μLb
≥125

35 (62.5)

28 (50.9)

19 (42.2)

100 - <125

13 (23.2)

10 (18.2)

8 (17.8)

29 (64.4)
6 (13.3)

50 - <100

8 (14.3)

16 (29.1)

17 (37.8)

10 (22.2)

25 - <50

0

1 (1.8)

1 (2.2)

0

IL28B genotype
CC

13 (22.8)

18 (32.7)

15 (33.3)

9 (20.0)

CT

30 (52.6)

35 (63.6)

20 (44.4)

27 (60.0)

TT

13 (22.8)

2 (3.6)

10 (22.2)

Not reported

1 (1.8)

0

0

Prior interferon-based treatment

44 (97.8)

9 (20.0)
0
41 (91.1)

Prior treatment outcome
Virologic breakthrough

2 (4.4)

0

Indeterminate or otherc

3 (6.7)

5 (11.1)

Interferon intolerant

6 (13.3)

10 (22.2)

19 (42.2)

16 (35.6)

Partial response

6 (13.3)

2 (4.4)

Posttreatment relapse

8 (17.8)

8 (17.8)

Other prior anti-HCV treatmentd

1 (2.2)

4 (8.9)

Null response

Abbreviation: HCV, hepatitis C virus.

c

Prior treatment response missing or could not be categorized.

a

One patient had HCV genotype 1 of indeterminate subtype identified at
screening and initiated study treatment; subsequent analysis determined that
this patient had genotype 6 infection.

d

Other treatments included peginterferon and ribavirin in combination with
amantadine, alisporivir, mericitabine, GS9450, thymosin, and milk thistle.

b

Subcategories do not sum because of missing data.

would be higher than the historical threshold, assuming 2-sided
97.5% CIs and true SVR12 rates for both groups were greater than
84%. Data were analyzed using SAS version 9. The primary end
point assessment (SVR12) was based on all treated patients.

Results
Patient Disposition and Characteristics
Of 300 patients who were screened, 202 were enrolled and initiated treatment and 98 were not enrolled (of whom 92 were
not enrolled because of not meeting study entry criteria)
(Figure 1).
jama.com

Baseline characteristics were similar among treatment
groups in each cohort. Overall, patients were 86% white, 74%
had genotype 1a infection, 85% had baseline viral loads
greater than 800 000 IU/mL, and 73% had IL28B non-CC
genotypes (Table 1). The median age was relatively high
(58-60 years) compared with other studies in cirrhotic
populations.12,13 Cirrhosis was diagnosed by liver biopsy in
108 patients (53%), by meeting FibroScan criteria (>14.6 kPa)
in 79 patients (39%), and by meeting FibroTest/AST-to-ratio
index criteria in 15 patients (7%). Overall, 53 patients (26%)
had baseline platelet counts greater than 100 000 cells/mm3,
suggestive of more advanced disease associated with portal
hypertension.
(Reprinted) JAMA May 5, 2015 Volume 313, Number 17
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Table 2. Virologic Response
Treatment-Naive Groups

Parameter

Daclatasvir, Asunaprevir,
Beclabuvir + Ribavirin
(n = 55)

Daclatasvir, Asunaprevir,
Beclabuvir
(n = 45)

Daclatasvir, Asunaprevir,
Beclabuvir + Ribavirin
(n = 45)

HCV RNA<LLOQ at end of treatment,
No. (%) [95% CI]a

57 (100.0)
[93.7-100.0]b

54 (98.2)
[90.3-100.0]b

44 (97.8)
[88.2-99.9]b

41 (91.1)
[82.8-99.4]

SVR12, No. (%) [97.5% CI]

53 (93.0)
[85.4-100.0]

54 (98.2)
[88.9-100.0]b

39 (86.7)
[75.3-98.0]

42 (93.3)
[85.0-100.0]

36/40 (90.0)
[80.7-99.3]

38/39 (97.4)
[86.5-99.9]b

30/35 (85.7)
[74.1-97.3]

32/35 (91.4)
[82.2-100.0]

17/17 (100.0)
[80.5-100.0]

15/15 (100.0)
[78.2-100.0]

9/10 (90.0)
[55.5-99.7]

10/10 (100.0)
[69.2-100.0]

Genotype 1a, No./total No. (%) [95% CI]
b

Genotype 1b, No./total No. (%) [95% CI]
Patients without SVR12, No. (%)

4 (7.0)

1 (1.8)

6 (13.3)

3 (6.7)

Virologic breakthrough, No. (%)

0

0

1 (2.2)

1 (2.2)

HCV RNA >LLOQ at end of treatment, No. (%)

0

0

0

1 (2.2)

Posttreatment relapse, No./total No. (%)c

4/57 (7.0)

0

5/44 (11.4)

1/41 (2.4)

Missing data, No./total No. (%)c,d

0

1/54 (1.9)

0

0

Abbreviations: HCV, hepatitis C virus; LLOQ, lower limit of quantitation;
SVR12, sustained virologic response at posttreatment week 12.

c

Determined as the proportion of patients with HCV RNA less than the LLOQ.
Target was not detected at the end of treatment.

a

Week 12 was the end of treatment for all patients except 3 (2 discontinued at
weeks 6 and 1 discontinued at week 11). Target was not detected at the end of
treatment for patients in this category.

d

Data missing at posttreatment week 12 in patients with HCV RNA less than the
LLOQ. Target was not detected at the end of treatment.

b

Exact binomial CI.

In the treatment-experienced cohort, 69 of 90 patients
(77%) had previously failed to respond to interferon-based regimens, including 35 (39%) with prior null response; and 16 of
90 patients (18%) were previously intolerant of interferonbased therapy. Five patients had been treated unsuccessfully
with regimens containing peginterferon/ribavirin in combination with amantadine, alisporivir, mericitabine, GS9450, thymosin, or milk thistle.

Virologic Response
In the treatment-naive cohort, SVR12 was achieved by 93%
(97.5% CI, 85.4%-100.0%) of patients receiving DCV-TRIO alone
and by 98.2% (97.5% CI, 88.9%-100.0%) of patients with ribavirin added; and corresponding SVR12 rates for the treatmentexperienced cohort were 86.7% (97.5% CI, 75.3%-98.0%) for
patients receiving DCV-TRIO alone and 93% (97.5% CI, 85.0%100.0%) for patients with ribavirin added (Table 2). SVR12 was
achieved by 51 of 52 patients (98%) with genotype 1b infection overall; and SVR12 rates in patients with genotype 1a were
86% to 97% across all treatment groups.
SVR12 was achieved by 50 of 53 patients (94%) with baseline thrombocytopenia (platelets <100 000/mm3), including 23
of 26 patients receiving DCV-TRIO alone and all 27 patients receiving DCV-TRIO with ribavirin. Among patients with baseline platelet levels of less than 75 000/mm3, 10 of 10 patients
receiving DCV-TRIO with ribavirin and 8 of 9 patients receiving DCV-TRIO alone achieved SVR12. Among the 35 prior null
responders in the experienced cohort, 34 (97%) achieved SVR12,
including 18 of 19 patients receiving DCV-TRIO alone and 16
of 16 receiving DCV-TRIO with ribavirin.
SVR12 rates were comparable according to age, sex, baseline HCV RNA level, and IL28B genotype (Figure 2). Early virologic response was not predictive of treatment failure; among
1740

Treatment-Experienced Groups

Daclatasvir, Asunaprevir,
Beclabuvir
(n = 57)

the 62 patients in whom HCV RNA remained detectable at week
4, SVR12 was subsequently achieved in 56 (90%).
Two patients in the treatment-experienced group had ontreatment virologic breakthrough and 1 patient in the
treatment-experienced group had HCV RNA detectable at the
end of treatment (Table 2). Treatment adherence in these individuals was confirmed by dosing logs. There were no virologic breakthroughs in the treatment-naive cohort. Ten of
202 patients (5%) overall relapsed posttreatment; 9 of these 10
patients received regimens without ribavirin. Two of 13 patients with documented virologic failure had NS5A resistance
variants detectable at baseline; 1 patient had a combination of
NS5A-Q30K and -Y93H that confers high-level daclatasvir resistance in vitro. Overall, 31 of 33 patients (94%) with baseline
NS5A resistance polymorphisms achieved SVR12.
The 12-week course of treatment was completed by 199 of
202 patients (Figure 1). Three patients, all in the treatmentexperienced cohort, discontinued participation before week
12 (2 because of virologic breakthroughs at weeks 6 and 11 and
1 at week 6 because of concomitant elevations of ALT and total
bilirubin). Based on study medication records, more than 90%
of patients were 95% adherent for both dose and duration.

Resistance Analyses
NS5A polymorphisms at amino acid positions 28, 30, 31, or 93
were detected at baseline in 15 of 149 patients (10%) with genotype 1a infection and 13 of 52 patients (25%) with genotype 1b
infection. Among these 28 patients, 13 of 15 (87%) with genotype 1a and 13 of 13 with genotype 1b subsequently achieved
SVR12. Of the 2 patients in the treatment-experienced group
with baseline NS5A variants who relapsed, one had M28V at
baseline and the other had Q30H and Y93H at baseline.
NS5A-M28V confers no loss in daclatasvir anti-HCV activity in
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Figure 2. SVR12 by Baseline Factors
A Treatment-naive group

Daclatasvir/Asunaprevir/Beclabuvir

Source
Overall
Sex
Men
Women
Age, y
<65
≥65
HCV RNA level
<800 000
≥800 000
Genotype
IL28B CC
IL28B Non CC

Daclatasvir/Asunaprevir/Beclabuvir + Ribavirin

No. of
Patients
With SVR12

Percentage
Total With SVR12,
No. % (95% CI)

No. of
Patients
With SVR12

Percentage
Total With SVR12,
No. % (95% CI)

53

57

93 (85-100)

54

55

98 (89-100)

37
16

39
18

95 (88-100)
89 (65-99)

34
20

35
20

97 (85-100)
100 (83-100)

39
14

43
14

91 (82-99)
100 (77-100)

45
9

46
9

98 (89-100)
100 (66-100)

10
43

10
47

100 (69-100)
92 (84-100)

14
40

14
41

100 (77-100)
98 (87-100)

11
41

13
43

85 (55-98)
95 (84-99)

18
36

18
37

100 (82-100)
97 (86-100)

50

60

70

80

90

100

50

Percentage With SVR12 (95% CI)

B

60

70

80

90

100

Percentage With SVR12 (95% CI)

Experienced cohort
Daclatasvir/Asunaprevir/Beclabuvir

Source
Overall
Sex
Men
Women
Age, y
<65
≥65
HCV RNA level
<800 000
≥800 000
Genotype
IL28B CC
IL28B Non CC

Daclatasvir/Asunaprevir/Beclabuvir + Ribavirin

No. of
Patients
With SVR12

Percentage
Total With SVR12,
No. % (95% CI)

No. of
Patients
With SVR12

Percentage
Total With SVR12,
No. % (95% CI)

39

45

87 (75-98)

42

45

93 (85-100)

26
13

32
13

81 (68-95)
100 (75-100)

25
17

27
18

93 (76-99)
94 (73-100)

36
3

42
3

86 (75-96)
100 (29-100)

31
11

34
11

91 (82-100)
100 (72-100)

2
37

2
43

100 (16-100)
86 (76-96)

4
38

4
41

100 (40-100)
93 (85-100)

13
26

15
30

87 (60-98)
87 (75-99)

9
33

9
36

100 (66-100)
92 (83-100)

50

60

70

80

90

100

50

Percentage With SVR12 (95% CI)

60

70

80

90

100

Percentage With SVR12 (95% CI)

Data indicate SVR12 rates according to baseline demographic and disease parameters within each cohort by treatment regimen.

vitro, whereas Q30H-Y93H confers a greater than 1000-fold loss
in daclatasvir activity. NS3-Q80L and NS5B-A421V were also
detected at baseline in the patient with high-level daclatasvirresistant variants; however, these polymorphisms confer less
than or equal to a 2-fold resistance to asunaprevir or less than
or equal to a 3-fold resistance to beclabuvir.14,15 There was no
apparent association between detection of NS3-Q80K or
NS5B-A421V and virologic outcome; the prevalence at baseline in the overall genotype 1a population of NS3-Q80K (19 of
49 patients tested) and NS5B-421V (10 of 49 patients tested)
was similar to the prevalence in genotype 1a patients with virologic failure (6 of 12 patients tested for NS3-Q80K and 4 of
12 patients tested for NS5B-421V).
Emergent resistance variants in patients with virologic failure were similar to those described previously.11 NS5A resistance variants emerged at virologic failure in 11 of 12 patients
with genotype 1a; NS5A-Q30 variants were observed frejama.com

quently (7 of 12 patients). NS3 resistance variants emerged in
10 of 12 patients with genotype 1a; NS3-R155K was detected in
all 10 patients. Previously reported NS5B resistance variants
emerged in 2 of 12 patients with genotype 1a. NS5B-P495 variants were detected only in 2 patients in the treatmentexperienced group with on-treatment failure; these patients
also had NS5A and NS3 resistance variants at virologic failure. For the single patient with genotype 1b who relapsed, only
NS5A-Y93H was detected at virologic failure, with no signature NS3 or NS5B resistance variants detected.

Adverse Events and Laboratory Abnormalities
Nine patients experienced on-treatment serious adverse
events; 3 events were considered treatment related: anemia,
aminotransferase and bilirubin elevations, and ribavirin overdose (Table 3). Three patients discontinued ribavirin because
of adverse events that included anemia (week 4), hemoglo(Reprinted) JAMA May 5, 2015 Volume 313, Number 17
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Table 3. Adverse Events and Laboratory Abnormalities
No. (%)

Parameter

Daclatasvir, Asunaprevir, Daclatasvir, Asunaprevir,
Beclabuvir + Ribavirin
Beclabuvir
(n = 100)
(n = 102)

Serious AEa

2 (2.0)

7 (7.0)

AE leading to
discontinuationb

0

4 (4.0)

mal at week 6 (ALT, 992 U/L; total bilirubin, 2.4 mg/dL [SI conversions: ALT to μkat/L, multiply by 0.0167; total bilirubin to
μmol/L, multiply by 17.104]). ALT normalized 6 weeks after discontinuation and total bilirubin normalized 6 weeks after discontinuation; the patient subsequently achieved SVR12. Six patients had treatment-emergent grade 3 or 4 lipase elevations
of which none were associated with abdominal pain or symptomatic pancreatitis.

AE (any grade) in ≥10%
of patients
Headache

17 (16.7)

23 (23.0)

Nausea

14 (13.7)

17 (17.0)

Diarrhea

13 (12.7)

9 (9.0)

Fatigue

12 (11.8)

28 (28.0)

Insomnia

6 (5.9)

15 (15.0)

Pruritus

6 (5.9)

15 (15.0)

Emergent grade 3 or 4
laboratory abnormalities
Hemoglobin <9.0 g/dL

0

5 (5.0)

Platelets
<50 × 103/μL

2 (2.0)

2 (2.0)

White blood cells
<1500/μL

0

1 (1.0)

Lymphocytes <500/μL

1 (1.0)

3 (3.0)

Neutrophils <750/μL

1 (1.0)

1 (1.0)

ALT >5.0 × ULN

3 (2.9)

1 (1.0)

AST >5.0 × ULN

2 (2.0)

1 (1.0)

Bilirubin, total
>2.5 × ULN

0

3 (3.0)

Lipase, total
>3.0 × ULN

5 (4.9)

1 (1.0)

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; DCV-TRIO, regimen of open-label daclatasvir (30 mg),
asunaprevir (200 mg), and beclabuvir (75 mg) in a fixed-dose combination
twice daily; ULN, upper limit of normal.
a

AEs considered as treatment-related: anemia, ALT and total bilirubin
elevations, overdose.

b

Three patients discontinued ribavirin only because of anemia, hemoglobin
level decreased, or cough; 1 patient discontinued ribavirin because of anemia
(week 2), then discontinued the DCV-TRIO because of elevations in ALT and
total bilirubin levels at week 6.

bin reduction (week 3), and cough (week 6). One patient discontinued ribavirin at week 2 because of anemia and discontinued DCV-TRIO at week 6 because of ALT and bilirubin
elevations. All 4 patients who discontinued subsequently
achieved SVR12. Adverse events commonly associated with
ribavirin, primarily fatigue, insomnia, and pruritus, were more
frequent in ribavirin-containing groups. Similarly, grade 3 or
4 hemoglobin abnormalities occurred in 5% of patients
in ribavirin-containing groups, compared with none in the
ribavirin-free groups.
Treatment-emergent ALT elevations of greater than
5 × ULN occurred in 4 patients (2%). In 3 patients, the maximum elevations were less than 10 × ULN; none were associated with bilirubin elevations. All 3 patients completed therapy
and the ALT elevations resolved posttreatment. One patient
with cirrhosis discontinued ribavirin only at week 2 because
of anemia, then discontinued all study medication at week 6
because of a protocol-defined event of concomitant elevations of ALT and total bilirubin. These elevations were maxi1742

Discussion
Twelve weeks of treatment with the fixed-dose combination
of daclatasvir, asunaprevir, and beclabuvir, with or without
ribavirin, achieved an overall SVR12 rate of 93% in patients with
genotype 1 infection and compensated cirrhosis. Among patients with genotype 1a infection, SVR12 was achieved by 88%
of those receiving the fixed-dose combination alone and by 95%
of those with ribavirin added to the regimen. However, the contribution of ribavirin to SVR12 remains uncertain because of the
small sample sizes; results suggest that inclusion of ribavirin
with the regimen may be considered for patients with genotype 1a infection. Thrombocytopenia may be associated with
portal hypertension in patients with cirrhosis; in this study,
SVR12 was achieved by 94% of patients with baseline thrombocytopenia, suggesting that SVR remains robust in this difficult-to-treat population with cirrhosis. Sex, age, baseline HCV
RNA levels, and IL28B genotype had no significant association with SVR12 rates, consistent with previous results suggesting a reduced effect of baseline factors with highpotency regimens.12,16-18
An overall 98% SVR12 rate was achieved after 12 weeks of
treatment in patients with genotype 1b infection and cirrhosis. Factors contributing to the single virologic failure (relapse) with genotype 1b are uncertain; the only resistance variant detected at virologic failure (NS5A-Y93H) conferred only
low-level resistance to daclatasvir. Previously, the combination of daclatasvir and asunaprevir, without beclabuvir or ribavirin, achieved SVR12 rate in 83% of a similar genotype 1b population following 24 weeks of treatment.19 A direct comparison
of these regimens could confirm whether the addition of beclabuvir reduces virologic failure and increases SVR12 in patients with genotype 1b infection and cirrhosis.
Emergent resistance variants in patients with virologic failure were similar to those reported previously.11 Variants at
NS5A-Q30, NS3-R155K, and NS5B-P495 were observed although NS5B variants were not detected in patients experiencing relapse. Overall, resistance variants at baseline were infrequent in this study and did not appear to have an adverse
effect on SVR12 rates, in contrast with previous results for the
combination of daclatasvir and asunaprevir (without beclabuvir or ribavirin), in which the presence of NS5A-L31, NS5A -Y93,
and/or NS3-D168 polymorphisms at baseline reduced SVR12 in
genotype 1b-infected patients.19
The regimen was well-tolerated with or without ribavirin, with low rates of treatment-related serious adverse events,
adverse event–related discontinuations, or grade 3 or 4 laboratory abnormalities. A single patient met protocol-defined dis-
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continuation criteria of concomitant ALT and bilirubin elevations; the elevations resolved after discontinuation. ALT
elevations have been associated with asunaprevir in other combination regimens but are only rarely associated with changes
in other liver function test results.19-21
In trials of other all-oral regimens in patients with cirrhosis, high SVR rates have been achieved, although maximizing
SVR rates in this population often requires extended (24
weeks) therapy and/or the inclusion of ribavirin. SVR12 rates
comparable with those of the present study were reported for
a population of patients with cirrhosis treated with ritonavirboosted paritaprevir combined with ombitasvir, dasabuvir,
and ribavirin. 12 In that study, treatment extended to 24
weeks provided a modest increase in SVR12 rates, primarily
among patients with prior null response to peginterferon/
ribavirin. In contrast, 34 of the 35 prior null responders in our
study achieved SVR12 after 12 weeks of treatment, suggesting
that more extended therapy would have little benefit. In
another study that included a limited population of patients
with cirrhosis, the combination of sofosbuvir and ledipasvir
achieved SVR12 rates of 97% (without ribavirin) and 100%
(with ribavirin) in patients with cirrhosis who were treatment
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naive after 12 or 24 weeks of therapy.17 However, in a parallel
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substantially lower (82%-86%) after 12 weeks, leading to the
recommendation that patients with cirrhosis receive 24
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distinguish the contribution of ribavirin to SVR12 rates and
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Conclusions
In this open-label, uncontrolled study, patients with chronic
HCV genotype 1 infection and cirrhosis who received a
12-week oral fixed-dose regimen of daclatasvir, asunaprevir,
and beclabuvir, with or without ribavirin, achieved high rates
of SVR12.

Author Contributions: Dr. Muir had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Yozviak, Hughes,
Swenson, Yin.
Acquisition, analysis, or interpretation of data: Muir,
Poordad, Lalezari, Everson, Dore, Herring, Sheikh,
Kwo, Hézode, Pockros, Tran, Yozviak, Reau, Ramji,
Stuart, Thompson, Vierling, Freilich, Cooper,
Ghesquiere, Yang, McPhee, Hughes, Swenson, Yin.
Drafting of the manuscript: Yozviak, Yang, McPhee,
Swenson, Yin.
Critical revision of the manuscript for important
intellectual content: Muir, Poordad, Lalezari,
Everson, Dore, Herring, Sheikh, Kwo, Hézode,
Pockros, Tran, Yozviak, Reau, Ramji, Stuart,
Thompson, Vierling, Freilich, Cooper, Ghesquiere,
Yang, McPhee, Hughes, Swenson, Yin.
Statistical analysis: Muir, Stuart, Ghesquiere, Yang,
Swenson, Yin.
Obtained funding: Hughes, Yin.
Administrative, technical, or material support:
Everson, Pockros, Tran, Vierling, Cooper, McPhee,
Hughes, Swenson, Yin.
Study supervision: Muir, Everson, Hézode, Stuart,
Thompson, Cooper, Hughes, Swenson, Yin.
Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr Muir,
principal investigator, reports receiving grant
funding from Bristol-Myers Squibb during the
conduct of the study, grant funding and personal
fees from AbbVie, Achillion, Bristol-Myers Squibb,
Gilead, and Merck; personal fees from Theravance;
and grant funding from Roche outside of the
submitted work. Dr Poordad reports receiving grant
funding and personal fees from Bristol-Myers
Squibb, Gilead, Merck, Salix, Novartis, AbbVie, and
Janssen; and grant funding from Theravance and
Idenix outside of the submitted work. Dr Everson
reports receiving grant funding and personal fees
from AbbVie, Bristol-Myers Squibb, Gilead, and

jama.com

Janssen; grants from Eisai and Merck; personal
fees from Galectin, BioTest, and HepC Connection;
a patent pending, issued, and licensed from
HepQuant LLC for liver function tests; and serving
as a board member and having a management
position at HepQuant LLC and PSC Partners outside
of the submitted work. Dr Dore reports receiving
grant funding and personal fees from Bristol-Myers
Squibb, Roche, Gilead, Merck, AbbVie, and Janssen;
and research support from Vertex outside of the
submitted work. Dr Sheikh reports receiving grant
funding and nonfinancial support from Bristol-Myers
Squibb during the conduct of the study and from
Indenix; personal fees and nonfinancial support
from Genentech; grant funding, personal fees, and
nonfinancial support from Vertex, Gilead, and
Johnson and Johnson; and grant funding from
Achillion, Merck, and Hologic outside of the
submitted work. Dr Kwo reports receiving grant
funding and personal fees from Bristol-Myers
Squibb during the conduct of the study; grant
funding and personal fees from AbbVie, Gilead,
Merck, Vertex, Janssen, GlaxoSmithKline, and
Novartis; personal fees from Boehringer Ingelheim;
and grant funding from Conatus and Roche outside
of the submitted work. Dr Hézode reports receiving
personal fees from AbbVie, Bristol-Myers Squibb,
Gilead, Janssen, Merck, and Roche outside of the
submitted work. Dr Pockros reports receiving grant
funding and personal fees from Bristol-Myers
Squibb during the conduct of the study; grant
funding and personal fees from Bristol-Myers
Squibb, Gilead, Janssen, and AbbVie; and grant
funding from Merck outside of the submitted work.
Dr Tran reports receiving personal fees from
Bristol-Myers Squibb and Gilead. Dr Yozviak reports
receiving personal fees and other fees from Gilead
Sciences; and other fees from AbbVie, Janssen,
Bristol-Myers Squibb, Viiv, and Merck outside of the
submitted work. Dr Reau reports receiving grant
funding from Bristol-Myers Squibb and Merck; and
grant funding and personal fees from AbbVie and
Gilead outside of the submitted work. Dr Ramji

(Reprinted) JAMA May 5, 2015 Volume 313, Number 17

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by Jules Levin on 05/05/2015

1743

Research Original Investigation

DCV/ASV/BCV for HCV Infection With Cirrhosis

reports receiving grant funding and personal fees
from AbbVie, Boehringer Ingelheim, Bristol-Myers
Squibb, Gilead, Idenix, Merck, Roche, Vertex, and
Janssen; and grant funding from Novartis. Dr Stuart
reports receiving personal fees and nonfinancial
support from Gilead; nonfinancial support from
Bayer; and personal fees from Roche outside of the
submitted work. Dr Thompson reports receiving
other fees from Bristol-Myers Squibb during the
conduct of the study; grant funding and personal
fees from Bristol-Myers Squibb, Gilead, Merck, and
Roche; personal fees from AbbVie and Janssen; and
nonfinancial support from Springbank outside of
the submitted work. Dr Vierling reports receiving
grant funding and personal fees from AbbVie,
Bristol-Myers-Squibb, Gilead, Hyperion, Intercept,
Janssen, Merck, Novartis, and Sundise; grant
funding from Eisai, Ocera, Conatus, Roche, and
Mochida; and personal fees from Intercept,
HepQuant, Salix, GALA, Chronic Liver Disease
Foundation, and ViralEd. Dr Freilich reports
receiving grant funding from Abbott, Takeda, and
Onyx; and grant funding and personal fees from
Gilead. Dr Ghesquiere reports clinical trial
participation with AbbVie, Boehringer Ingelheim,
GlaxoSmithKline, Merck, and Roche. Drs Yang,
Hughes, Swenson, McPhee, and Yin are employees
of Bristol-Myers Squibb. No other disclosures were
reported.
Funding/Support: This study was funded by
Bristol-Myers Squibb.
Role of the Funder/Sponsor: Bristol-Myers Squibb
designed the study in collaboration with the
principal investigator (Dr Muir), conducted the
study, collected study data, and performed
statistical analyses. Bristol-Myers Squibb, together
with all authors, interpreted the data and drafted
the manuscript with the assistance of a medical
writer funded by the sponsor. Authors employed by
the sponsor (Drs Yang, McPhee, Hughes, Swenson,
and Yin), in concert with all other authors,
approved the final manuscript and made the
decision to submit the manuscript for publication.
Additional Contributions: The authors thank
Peggy Hagens, MPT, for her contributions to study
execution, and Vincent Vellucci, BS, Joseph Ueland,
BA, and Dennis Hernandez, PhD, for resistance
analyses. These individuals are employees of
Bristol-Myers Squibb and received no
compensation for their contributions apart from
their normal salaries. Writing assistance and
editorial support were provided by Richard
Boehme, PhD, of Articulate Science and was funded
by Bristol-Myers Squibb.

2. Di Bisceglie AM. Natural history of hepatitis C: its
impact on clinical management. Hepatology.
2000;31(4):1014-1018.
3. Davis GL, Alter MJ, El-Serag H, Poynard T,
Jennings LW. Aging of hepatitis C virus
(HCV)-infected persons in the United States:
a multiple cohort model of HCV prevalence and
disease progression. Gastroenterology.
2010;138(2):513-521, 521.e1-521.e6.
4. Backus LI, Boothroyd DB, Phillips BR, Belperio P,
Halloran J, Mole LA. A sustained virologic response
reduces risk of all-cause mortality in patients with
hepatitis C. Clin Gastroenterol Hepatol. 2011;9(6):
509-516.e1.
5. Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M,
Falck-Ytter Y. Eradication of hepatitis C virus
infection and the development of hepatocellular
carcinoma: a meta-analysis of observational
studies. Ann Intern Med. 2013;158(5 pt 1):329-337.
6. Akhtar E, Manne V, Saab S. Cirrhosis regression
in hepatitis C patients with sustained virological
response after antiviral therapy: a meta-analysis.
Liver Int. 2015;35(1):30-36.
7. Poordad F, Bronowicki JP, Gordon SC, et al;
SPRINT-2 and RESPOND-2 Investigators. Factors
that predict response of patients with hepatitis C
virus infection to boceprevir. Gastroenterology.
2012;143(3):608-18.e1, 5.
8. Jacobson IM, Dore GJ, Foster GR, et al.
Simeprevir with pegylated interferon alfa 2a plus
ribavirin in treatment-naive patients with chronic
hepatitis C virus genotype 1 infection (QUEST-1):
a phase 3, randomised, double-blind,
placebo-controlled trial. Lancet. 2014;384(9941):
403-413.
9. Hézode C, Fontaine H, Dorival C, et al; CUPIC
Study Group. Effectiveness of telaprevir or
boceprevir in treatment-experienced patients with
HCV genotype 1 infection and cirrhosis.
Gastroenterology. 2014;147(1):132-142.e4.
10. Bruno S, Shiffman ML, Roberts SK, et al.
Efficacy and safety of peginterferon alfa-2a (40KD)
plus ribavirin in hepatitis C patients with advanced
fibrosis and cirrhosis. Hepatology. 2010;51(2):388397.
11. Everson GT, Sims KD, Thuluvath PJ, et al. Phase
2b study of the interferon-free and ribavirin-free
combination of daclatasvir, asunaprevir, and
BMS-791325 for 12 weeks in treatment-naive
patients with chronic HCV genotype 1 infection
[abstract LB-1]. Presented at: 64th Annual Meeting
of the American Association for the Study of Liver

Diseases (AASLD 2013); November 1-5, 2013;
Washington, DC.
12. Poordad F, Hezode C, Trinh R, et al.
ABT-450/r-ombitasvir and dasabuvir with ribavirin
for hepatitis C with cirrhosis. N Engl J Med. 2014;
370(21):1973-1982.
13. Bruno S, Vierling JM, Esteban R, et al. Efficacy
and safety of boceprevir plus peginterferonribavirin in patients with HCV G1 infection and
advanced fibrosis/cirrhosis. J Hepatol. 2013;58(3):
479-487.
14. McPhee F, Friborg J, Levine S, et al. Resistance
analysis of the hepatitis C virus NS3 protease
inhibitor asunaprevir. Antimicrob Agents Chemother.
2012;56(7):3670-3681.
15. McPhee F, Falk P, Lemm J, et al.
Characterization of viral escape in HCV genotype
1-infected patients treated with BMS-791325 and
pegylated interferon-alfa and ribavirin [abstract].
J Hepatol. 2012;56(suppl 2):S473; doi:10.1016/S01688278(12)61206-9.
16. Afdhal N, Reddy KR, Nelson DR, et al; ION-2
Investigators. Ledipasvir and sofosbuvir for
previously treated HCV genotype 1 infection. N Engl
J Med. 2014;370(16):1483-1493.
17. Afdhal N, Zeuzem S, Kwo P, et al; ION-1
Investigators. Ledipasvir and sofosbuvir for
untreated HCV genotype 1 infection. N Engl J Med.
2014;370(20):1889-1898.
18. Lawitz E, Sulkowski MS, Ghalib R, et al.
Simeprevir plus sofosbuvir, with or without
ribavirin, to treat chronic infection with hepatitis C
virus genotype 1 in non-responders to pegylated
interferon and ribavirin and treatment-naive
patients: the COSMOS randomised study. Lancet.
2014;384(9956):1756-1765.
19. Manns M, Pol S, Jacobson IM, et al;
HALLMARK-DUAL Study Team. All-oral daclatasvir
plus asunaprevir for hepatitis C virus genotype 1b:
a multinational, phase 3, multicohort study. Lancet.
2014;384(9954):1597-1605.
20. Bronowicki JP, Ratziu V, Gadano A, et al.
Randomized trial of asunaprevir plus peginterferon
alfa and ribavirin for previously untreated genotype
1 or 4 chronic hepatitis C. J Hepatol. 2014;61(6):
1220-1227.
21. Hezode C, Hirschfield GM, Ghesquiere W, et al
Daclatasvir plus peginterferon alfa and ribavirin for
treatment-naive chronic hepatitis C genotype 1 or 4
infection: a randomised study [published online July
30, 2014]. Gut. 2014. doi:10.1136/gutjnl-2014-307498.

REFERENCES
1. World Health Organization. Hepatitis C key facts.
WHO factsheet no 164. April 2014. http://www
.who.int/mediacentre/factsheets/fs164/en/. Accessed
October 30, 2014.

1744

JAMA May 5, 2015 Volume 313, Number 17 (Reprinted)

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by Jules Levin on 05/05/2015

jama.com

