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Background

The interferon-free regimen of ABT-450 with ritonavir (ABT-450/r), ombitasvir, and das-
abuvir with or without ribavirin has shown efficacy in inducing a sustained virologic 
response in a phase 2 study involving patients with hepatitis C virus (HCV) genotype 
1 infection. We conducted two phase 3 trials to examine the efficacy and safety of this 
regimen in previously untreated patients with HCV genotype 1 infection and no cirrhosis.

Methods

We randomly assigned 419 patients with HCV genotype 1b infection (PEARL-III 
study) and 305 patients with genotype 1a infection (PEARL-IV study) to 12 weeks 
of ABT-450/r–ombitasvir (at a once-daily dose of 150 mg of ABT-450, 100 mg of 
ritonavir, and 25 mg of ombitasvir), dasabuvir (250 mg twice daily), and ribavirin 
administered according to body weight or to matching placebo for ribavirin. The 
primary efficacy end point was a sustained virologic response (an HCV RNA level 
of <25 IU per milliliter) 12 weeks after the end of treatment.

Results

The study regimen resulted in high rates of sustained virologic response among pa-
tients with HCV genotype 1b infection (99.5% with ribavirin and 99.0% without riba-
virin) and among those with genotype 1a infection (97.0% and 90.2%, respectively). 
Of patients with genotype 1b infection, 1 had virologic failure, and 2 did not have 
data available at post-treatment week 12. Among patients with genotype 1a infection, 
the rate of virologic failure was higher in the ribavirin-free group than in the ribavirin 
group (7.8% vs. 2.0%). In both studies, decreases in the hemoglobin level were sig-
nificantly more common in patients receiving ribavirin. Two patients (0.3%) discon-
tinued the study drugs owing to adverse events. The most common adverse events 
were fatigue, headache, and nausea.

Conclusions

Twelve weeks of treatment with ABT-450/r–ombitasvir and dasabuvir without riba-
virin was associated with high rates of sustained virologic response among previ-
ously untreated patients with HCV genotype 1 infection. Rates of virologic failure 
were higher without ribavirin than with ribavirin among patients with genotype 1a 
infection but not among those with genotype 1b infection. (Funded by AbbVie; 
PEARL-III and PEARL-IV ClinicalTrials.gov numbers, NCT01767116 and NCT01833533.)
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Hepatitis C virus (HCV) infection is a 
worldwide health issue, with 3 million 
to 4 million new infections yearly and 

infection rates as high as 5% in some countries.1 
Chronic infection leads to liver disease, cirrhosis, 
or liver cancer in a large proportion of infected 
persons, and hepatitis C accounts for 25% of all 
liver cancers, representing the leading indication 
for liver transplantation.1-3 Genotype 1 is the 
most common HCV genotype worldwide and in-
cludes 11 subgenotypes, of which 1a and 1b are 
responsible for the vast majority of infections.4 
Genotype 1b infection is the most prevalent form 
worldwide, particularly in Europe and East Asia, 
whereas genotype 1a infection is more prevalent 
in North America.4

Approved treatments for HCV genotype 1 in-
fection include peginterferon and ribavirin com-
bined with a direct-acting antiviral agent.5-9 Peg-
interferon is associated with substantial adverse 
events, including influenza-like symptoms, de-
pression, fatigue, and cytopenias that make it 
difficult for patients to adhere to treatment.10 
Cure rates for genotype 1a and 1b infection may 
differ depending on the treatment regimen; rates 
are generally lower among patients with genotype 
1a infection when the treatment regimen includes 
an NS3 protease inhibitor or an NS5A replication 
complex inhibitor 6,8,11,12 and among patients 
with genotype 1b infection when the regimen 
includes the nucleotide analogue sofosbuvir.9 
Data suggest that genotype 1a infection is more 
difficult to cure than genotype 1b infection ow-
ing to the development of resistance.7,13-17 Thus, 
careful assessment of the efficacy of individual 
regimens in patients with different subgeno-
types of HCV infection is warranted.

Ribavirin is an important component of peg-
interferon-based therapy with first-generation 
protease inhibitors, but phase 2 clinical trials of 
interferon-free regimens based on direct-acting 
antiviral agents suggest that ribavirin may not 
always be required.16,18-20 Although ribavirin ap-
pears to have less toxicity in the absence of peg-
interferon,9,21 ribavirin is teratogenic and is 
associated with hemolytic anemia. Therefore, 
identifying patients who could be successfully 
treated without ribavirin is of great importance.

ABT-450, an inhibitor of the HCV nonstruc-
tural 3/4A (NS3/4A) protease, is administered with 
ritonavir (ABT-450/r) to increase ABT-450 plasma 
levels and half-life, permitting once-daily dos-

ing.22 Ombitasvir (ABT-267) is an inhibitor of the 
HCV NS5A replication complex, and dasabuvir 
(ABT-333) is a nonnucleoside NS5B polymerase 
inhibitor. All three agents have potent activity 
against HCV genotype 1 in vitro.23 In a random-
ized, controlled, phase 2b study, a regimen of 
ABT-450/r, ombitasvir, and dasabuvir with riba-
virin, administered for 12 weeks, was efficacious 
in previously untreated patients with HCV geno-
type 1 infection.18 In addition, all 25 patients with 
genotype 1b infection who were treated without 
ribavirin had undetectable HCV RNA levels 24 
weeks after the end of therapy.

On the basis of these data, two separate 
phase 3 trials were designed to evaluate the role 
of ribavirin in the treatment of patients with geno-
type 1a or 1b infection. We assessed the efficacy 
and safety of a 12-week treatment regimen of 
coformulated ABT-450/r–ombitasvir and dasabuvir 
with or without ribavirin in previously untreated 
patients without cirrhosis who had HCV geno-
type 1a infection (PEARL-IV study) or genotype 1b 
infection (PEARL-III study). The double-blind, 
placebo-controlled design of these studies permit-
ted a thorough assessment of the contribution of 
ribavirin to the adverse-event profile of the com-
bination regimen.

Me thods

Patients

Patients 18 to 70 years of age were eligible for 
enrollment if they had chronic HCV genotype 1 
infection with an HCV RNA level of more than 
10,000 IU per milliliter and had never received 
any antiviral treatment for HCV. Patients with 
genotype 1a infection were screened at 53 sites in 
Canada, the United States, and the United King-
dom (PEARL-IV study). Patients with genotype 
1b infection were screened at 50 sites in Austria, 
Belgium, Hungary, Israel, Italy, Poland, Portugal, 
Romania, the Russian Federation, Spain, and the 
United States (PEARL-III study). For both studies, 
eligible patients had no evidence of cirrhosis as 
documented by means of a liver biopsy within the 
previous 24 months, transient elastography (Fibro-
Scan), or noninvasive assessment of serum mark-
ers (FibroTest). Patients were excluded if they had 
coinfection with human immunodeficiency virus 
or hepatitis B virus or if they had infection with 
any HCV genotype other than 1a (PEARL-IV 
study) or 1b (PEARL-III study). Detailed eligibility 
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criteria and information on fibrosis scoring are 
provided in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org.

Study Designs

Patients in both studies were stratified according 
to IL28B genotype (CC vs. non-CC) and randomly 
assigned in a 1:2 ratio (genotype 1a study) or a 
1:1 ratio (genotype 1b study) to receive either 
ribavirin twice daily according to body weight 
(1000 mg daily if the body weight was <75 kg and 
1200 mg daily if the body weight was ≥75 kg) or 
matching placebo for 12 weeks. All the patients 
received open-label ABT-450/r–ombitasvir (at a 
once-daily dose of 150 mg of ABT-450, 100 mg of 
ritonavir, and 25 mg of ombitasvir) and dasabu-
vir (250 mg twice daily) for 12 weeks (Fig. 1). 
Visits were scheduled at weeks 0, 1, 2, 4, 6, 8, 10, 
and 12 of the treatment period, and patients were 
followed for 48 weeks after the treatment period. 
The investigators, patients, and study sponsor 
(AbbVie) were unaware of the treatment assign-
ments and hemoglobin or hematocrit values. If a 
predefined toxicity criterion for hemoglobin val-
ues was met, all hematologic laboratory data 
were disclosed to the site investigator to allow for 
appropriate patient care. Additional details on 
study designs are provided in the Supplementary 
Appendix.

The studies were conducted in accordance with 
the International Conference on Harmonisation 
guidelines, applicable regulations, and guidelines 
governing clinical-study conduct and ethical prin-
ciples that have their origin in the Declaration of 
Helsinki. All the patients provided written in-
formed consent. The studies were designed by 
the study sponsor. The investigators and sponsor 
jointly conducted the study and gathered the 
data. The sponsor conducted the data analyses. 
All the authors signed a confidentiality agreement 
with the sponsor. The first draft of the manu-
script was written by a sponsor-employed medi-
cal writer, with input from all the authors. All the 
authors made the decision to submit the manu-
script for publication and vouch for the com-
pleteness and accuracy of the data and analyses 
and for the fidelity of the studies to the protocol, 
available at NEJM.org.

Efficacy and Safety Assessments

Details of the collection of plasma samples, HCV 
RNA measurement, virologic-failure criteria, re-

sistance testing, and logistic-regression analyses 
of response predictors are available in the Sup-
plementary Appendix. Adverse-event assessment 
and clinical laboratory testing were performed at 
each study visit during treatment and in the fol-
low-up period. Adverse events were reported from 
the time of study-treatment initiation until 30 days 
after the last dose. Data on serious adverse events 
were collected throughout the study.

Efficacy End Points

The primary efficacy end point for both studies 
was a sustained virologic response (a plasma 
HCV RNA level of <25 IU per milliliter) 12 weeks 
after the end of treatment. The primary objective 
of both studies was to assess the noninferiority 
of the rate of sustained virologic response at 
post-treatment week 12 in each study group, as 
compared with the historical rate with telaprevir 
plus peginterferon–ribavirin among previously 
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Figure 1. Study Designs.

Patients with hepatitis C virus (HCV) genotype 1a infection (PEARL-IV 
study) or genotype 1b infection (PEARL-III study) and no cirrhosis were 
randomly assigned to receive ribavirin (1000 or 1200 mg daily according to 
body weight) or matching placebo for 12 weeks. All patients received ABT-
450 with ritonavir (ABT-450/r)–ombitasvir (at a once-daily dose of 150 mg 
of ABT-450, 100 mg of ritonavir, and 25 mg of ombitasvir) and dasabuvir 
(250 mg twice daily) for 12 weeks.
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untreated patients with the corresponding HCV 
subgenotype. The historical rate was 72% among 
patients with genotype 1a infection (95% confi-
dence interval [CI], 68 to 75) and 80% among 
those with genotype 1b infection (95% CI, 75 to 84) 
(see the Supplementary Appendix for details). Sec-
ondary efficacy objectives in each study were to 
assess the noninferiority of the sustained-viro-
logic-response rate in the group that did not re-
ceive ribavirin as compared with the group that 
received ribavirin, the superiority of the rate at 
post-treatment week 12 in each group as com-
pared with the historical rate with telaprevir plus 
peginterferon–ribavirin in the corresponding pa-
tient population, the percentage of patients in 
each group with a hemoglobin level below the 
lower limit of the normal range at the end of 
treatment, and the percentage of patients in each 

group with virologic failure during treatment or 
relapse after treatment.

Statistical Analysis

Efficacy analyses were performed in the modi-
fied intention-to-treat population, defined as all 
randomly assigned patients who received at least 
one dose of a study drug. For the analysis of 
whether the rate of sustained virologic response 
with the interferon-free regimen was noninferior 
to the historical rate with telaprevir plus pegin-
terferon–ribavirin, a noninferiority margin of 10.5 
percentage points was used. To establish that the 
rate with the interferon-free regimen was nonin-
ferior to the historical rate, the lower boundary 
of the 95% confidence interval (based on the nor-
mal approximation to the binomial distribution) 
had to exceed 73% for the genotype 1b study and 

Table 1. Baseline Demographic and Clinical Characteristics.*

Characteristic HCV Genotype 1a HCV Genotype 1b

Antiviral Regimen 
with Ribavirin 

(N = 100)

Antiviral Regimen 
without Ribavirin 

(N = 205)

Antiviral Regimen 
with Ribavirin 

(N = 210)

Antiviral Regimen 
without Ribavirin 

(N = 209)

Male sex — no. (%) 70 (70.0) 129 (62.9) 106 (50.5) 86 (41.1)

Race — no./total no. (%)†

White 86/100 (86.0) 171/205 (83.4) 198/210 (94.3) 196/208 (94.2)

Black 10/100 (10.0) 26/205 (12.7) 10/210 (4.8) 10/208 (4.8)

Other 4/100 (4.0) 8/205 (3.9) 2/210 (1.0) 2/208 (1.0)

Hispanic or Latino ethnic group — no. (%)† 10 (10.0) 18 (8.8) 2 (1.0) 5 (2.4)

Age — yr 51.6±11.0 51.4±10.6 48.4±11.9 49.2±12.0

Geographic region — no. (%)

North America 92 (92.0) 186 (90.7) 48 (22.9) 47 (22.5)

Europe 8 (8.0) 19 (9.3) 162 (77.1) 162 (77.5)

Body-mass index‡ 26.9±4.0 26.7±4.3 25.8±3.8 26.1±4.2

Metavir fibrosis score — no./total no. (%)§

F0 or F1 63/100 (63.0) 132/205 (64.4) 150/210 (71.4) 141/208 (67.8)

F2 21/100 (21.0) 35/205 (17.1) 38/210 (18.1) 47/208 (22.6)

F3¶ 16/100 (16.0) 38/205 (18.5) 22/210 (10.5) 20/208 (9.6)

IL28B CC genotype — no. (%) 31 (31.0) 63 (30.7) 44 (21.0) 44 (21.1)

HCV RNA — log10 IU/ml 6.64±0.50 6.53±0.68 6.29±0.77 6.33±0.67

HCV RNA ≥800,000 IU/ml — no. (%) 92 (92.0) 172 (83.9) 159 (75.7) 148 (70.8)

* Plus–minus values are means ±SD. There were no significant differences in baseline characteristics between treatment groups in either study. 
HCV denotes hepatitis C virus.

† Race and ethnic group were self-reported.
‡ The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ The Metavir fibrosis score (on a scale from F0 to F4, with F4 consistent with cirrhosis) was based on liver biopsy or derived from FibroTest 

or FibroScan results. Biopsy confirmation of the absence of cirrhosis was required for patients with a FibroTest result of F4.
¶ Four patients in the genotype 1a study were enrolled with a FibroTest result of F4. In three of these patients, a biopsy result subsequently 

ruled out the presence of cirrhosis. No confirmatory liver biopsy or FibroScan data were available for the fourth patient.
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65% for the genotype 1a study. Superiority could 
be established if the lower boundary of the con-
fidence interval for the interferon-free regimen 
was greater than the upper boundary of the con-
fidence interval for the historical rate: 84% for 
the genotype 1b study and 75% for the genotype 
1a study. The assessment of the noninferiority of 
the regimen without ribavirin as compared with 
the regimen with ribavirin was based on a non-
inferiority margin of 10.5 percentage points.24 
Details of the efficacy analyses, including the 
fixed-sequence testing plan for the primary and 
secondary end points, are provided in the Supple-
mentary Appendix.

Safety analyses compared the rate of adverse 
events and laboratory abnormalities between treat-
ment groups in each study with the use of Fish-
er’s exact test. Sample-size determination is de-
scribed in the Supplementary Appendix. SAS 
software for the UNIX operating system (SAS In-
stitute) was used for all analyses. All statistical 
tests and all confidence intervals were two-sided, 
with a significance level of 0.05.

R esult s

Baseline Demographic and Clinical 
Characteristics

In the genotype 1a study, 305 of 436 screened 
patients underwent randomization and received 
at least one dose of a study drug (Fig. S1 in the 
Supplementary Appendix). A total of 629 patients 
were screened for the genotype 1b study, of whom 
419 underwent randomization and received at least 
one dose of a study drug. Baseline demographic 
and clinical characteristics were well balanced 
between the two groups in each study (Table 1). 
The majority of patients in the genotype 1a study 
were enrolled in North America, whereas the ma-
jority of patients in the genotype 1b study were 
enrolled in Europe. Among patients enrolled in 
the United States, blacks accounted for 14.2% of 
patients in the genotype 1a study (35 of 247 pa-
tients) and 21.1% of patients in the genotype 1b 
study (20 of 95 patients).

Efficacy Outcomes

Genotype 1a Study
After 12 weeks of treatment with ABT-450/r–
ombitasvir and dasabuvir in the genotype 1a 
study, 97 of 100 patients who received the antivi-
ral regimen with ribavirin had a sustained viro-

logic response at post-treatment week 12, for a 
rate of 97.0% (95% CI, 93.7 to 100); 185 of 205 
patients who received the regimen without riba-
virin had a sustained virologic response, for a 
rate of 90.2% (95% CI, 86.2 to 94.3) (Fig. 2). 
Hence, the sustained-virologic-response rates for 
the regimens with and without ribavirin were 
both noninferior and superior to the historical 
rate with telaprevir plus peginterferon–ribavirin 
in previously untreated adults with HCV genotype 
1a infection and no cirrhosis. The regimen with-
out ribavirin did not meet the noninferiority crite-
rion as compared with the regimen with ribavirin, 
because the lower boundary of the confidence 
interval for the difference (−6.8 percentage 
points [95% CI, −12.0 to −1.5]) crossed the non-
inferiority margin of 10.5 percentage points. In 
addition, the upper boundary of the confidence 
interval did not cross zero, indicating a significant 
difference between groups.

A total of 18 patients with genotype 1a infec-
tion had virologic failure, 16 of whom received 
the regimen without ribavirin. Of the 3 patients 
with genotype 1a infection who received the 
regimen with ribavirin and did not have a sus-
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Figure 2. Sustained Virologic Response at 12 Weeks after the End  
of Treatment.

The dashed horizontal lines indicate noninferiority thresholds, based on 
the historical rate of sustained virologic response with telaprevir plus peg-
interferon–ribavirin, for the genotype 1a study (65%) and genotype 1b study 
(73%). The solid horizontal lines indicate superiority thresholds, based on 
the historical rate with telaprevir plus peginterferon–ribavirin, for the geno-
type 1a study (75%) and genotype 1b study (84%). The I bars indicate 95% 
confidence intervals.
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tained virologic response, 2 had virologic failure 
(1 had a rebound in HCV RNA levels during 
treatment and 1 had a relapse after treatment), 
and 1 did not complete follow-up testing at post-
treatment week 12. Of the 16 patients with geno-
type 1a infection who received the regimen 
without ribavirin and had virologic failure, 6 had 
a virologic rebound during treatment and 10 had 
a relapse after treatment. All the patients with a 
relapse received at least 11 weeks of treatment. 
Adherence to the dosing regimen for each study 
drug was greater than 95% for 16 of the 17 pa-
tients with virologic failure for whom data were 
available; 1 patient who received the antiviral 
regimen without ribavirin and had a virologic 
rebound took 88.5% of the planned ABT-450/r–
ombitasvir doses and 90.8% of the planned 
dasabuvir doses. On the basis of logistic-regres-
sion analyses of baseline demographic and clin-
ical characteristics, only IL28B CC genotype, 
which has historically been associated with in-
creased rates of response to treatment for HCV 
infection, was associated with an increased rate 
of sustained virologic response among patients 
with genotype 1a infection (P = 0.03).

At the time of virologic failure, each of the 18 
patients with genotype 1a infection and a viro-
logic failure had at least one resistance-associated 
variant known to be selected by one of the three 
direct-acting antiviral agents included in the regi-
men. The most frequently detected variants in 

patients with virologic failure were D168V in NS3, 
M28T and Q30R in NS5A, and S556G in NS5B.

Genotype 1b Study
In this study, 209 of the 210 patients who re-
ceived the antiviral regimen with ribavirin had a 
sustained virologic response at post-treatment 
week 12, for a rate of 99.5% (95% CI, 98.6 to 
100.0); 207 of the 209 patients who received the 
regimen without ribavirin had a sustained viro-
logic response, for a rate of 99.0% (95% CI, 97.7 
to 100.0). Thus, the sustained-virologic-response 
rates among patients who received ribavirin and 
those who did not were both noninferior and su-
perior to the historical rate with telaprevir plus 
peginterferon–ribavirin among previously un-
treated adults with HCV genotype 1b infection 
and no cirrhosis. In addition, the sustained-viro-
logic-response rate among patients who did not 
receive ribavirin was noninferior to the rate 
among those who received ribavirin (difference, 
−0.5 percentage points [95% CI, −2.1 to 1.1]).

Only one patient with genotype 1b infection 
had virologic failure during treatment; this pa-
tient, who received the antiviral regimen with 
ribavirin, had a virologic rebound during treat-
ment. The two patients who received the regi-
men without ribavirin and did not have a sus-
tained virologic response completed treatment 
but did not complete follow-up testing at post-
treatment week 12 (Table 2). Owing to the high 

Table 2. Sustained Virologic Response and Reasons for Nonresponse.

Variable HCV Genotype 1a HCV Genotype 1b

Antiviral Regimen
with Ribavirin

(N = 100)

Antiviral Regimen 
 without Ribavirin

(N = 205)

Antiviral Regimen  
with Ribavirin

(N = 210)

Antiviral Regimen 
 without Ribavirin

(N = 209)

Sustained virologic response at post-
treatment wk 12 — no. (%)

97 (97.0) 185 (90.2) 209 (99.5) 207 (99.0)

Reasons for nonresponse

Virologic failure during treatment —  
no. (%)

1 (1.0) 6 (2.9) 1 (0.5) 0

Relapse — no./total no. (%)* 1/98 (1.0) 10/194 (5.2) 0/208 0/207

Early discontinuation of study treatment  
— no. (%)

0 3 (1.5) 0 0

Missing data at post-treatment wk 12  
— no. (%)

1 (1.0) 1 (0.5) 0 2 (1.0)

* Virologic relapse was defined as a confirmed HCV RNA level of 25 IU per milliliter or more between the final visit during the double-blind 
treatment period and 12 weeks after the last dose of study drug among patients who completed treatment (duration of study-drug exposure, 
≥77 days), had an HCV RNA level of less than 25 IU per milliliter at the final visit during the double-blind treatment period, and had data on 
HCV RNA levels available after the completion of treatment.
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rates of sustained virologic response, there were 
no significant predictors of virologic failure.

Adverse Events

In both studies, adverse events were more frequent-
ly reported in the groups receiving antiviral regi-
mens that contained ribavirin than in the groups 
that received the ribavirin-free regimen (P = 0.03 in 
the genotype 1a study and P = 0.003 in the genotype 
1b study) (Table 3). The most common adverse 
events reported in the two studies, headache and 
fatigue, did not differ significantly in either study 
between the group that received ribavirin and the 
group that did not receive it. Among other common 
adverse events, pruritus, nausea, and insomnia oc-

curred at a higher frequency among patients who 
received ribavirin than among those who did not in 
one or both studies. The majority of adverse events 
in all treatment groups were mild; overall, two pa-
tients (both in the genotype 1a study) discontinued 
the study drugs owing to adverse events.

Serious adverse events occurred in eight pa-
tients in the genotype 1b study (four who re-
ceived ribavirin and four who did not) and in 
four patients in the genotype 1a study (three 
who received ribavirin and one who did not). All 
patients with a serious adverse event had a sus-
tained virologic response. Details of all serious 
adverse events are provided in Table S5 in the 
Supplementary Appendix.

Table 3. Adverse Events and Laboratory Abnormalities.*

Event HCV Genotype 1a HCV Genotype 1b

Antiviral Regimen 
with Ribavirin 

(N = 100)

Antiviral Regimen 
without Ribavirin 

(N = 205) P Value

Antiviral Regimen 
with Ribavirin  

(N = 210)

Antiviral Regimen 
without Ribavirin 

(N = 209) P Value

Any adverse event — no. (%) 92 (92.0) 169 (82.4) 0.03 168 (80.0) 140 (67.0) 0.003

Any severe adverse event — no. (%)† 2 (2.0) 4 (2.0) 2 (1.0) 1 (0.5)

Any serious adverse event — no. (%)‡ 3 (3.0) 1 (0.5) 4 (1.9) 4 (1.9)

Common adverse events — no. (%)§

Headache 25 (25.0) 58 (28.3) 51 (24.3) 49 (23.4)

Fatigue 46 (46.0) 72 (35.1) 45 (21.4) 48 (23.0)

Pruritus 10 (10.0) 12 (5.9) 25 (11.9) 11 (5.3) 0.02

Nausea 21 (21.0) 28 (13.7) 23 (11.0) 9 (4.3) 0.02

Insomnia 17 (17.0) 16 (7.8) 0.02 19 (9.0) 7 (3.3) 0.02

Diarrhea 14 (14.0) 33 (16.1) 9 (4.3) 13 (6.2)

Laboratory abnormalities

Hemoglobin <LLN  
— no./total no. (%)¶

42/100 (42.0) 8/203 (3.9) <0.001 106/207 (51.2) 7/205 (3.4) <0.001

Hemoglobin ≤10 g/dl 
— no. (%)

4 (4.0) 0 0.01 19 (9.0) 0 <0.001

Total bilirubin >3× ULN — no. (%) 3 (3.0) 1 (0.5) 12 (5.7) 1 (0.5) 0.003

Alanine aminotransferase  
>5× ULN — no. (%)

1 (1.0) 1 (0.5) 2 (1.0) 0

Aspartate aminotransferase  
>5× ULN — no.

0 0 0 0

Alkaline phosphatase >2.5×  
ULN — no.

0 0 0 0

* LLN denotes the lower limit of the normal range, and ULN the upper limit of the normal range.
† A severe adverse event was defined as one that caused considerable interference with the usual activities of the patient and that may have 

been incapacitating or life-threatening.
‡ A serious adverse event was defined as one that resulted in hospitalization, persistent or clinically significant disability, or death or that was 

life-threatening or required medical intervention or hospitalization to prevent a serious outcome.
§ All other adverse events occurred in less than 10% of patients in any treatment group.
¶ Patients with a hemoglobin level below the LLN at baseline were not included in the analysis.
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Decreased Hemoglobin Levels

Among the patients in the genotype 1a study 
who had a hemoglobin level within the normal 
range at baseline, 42.0% of patients who received 
the antiviral regimen with ribavirin and 3.9% of 
patients who received the ribavirin-free regimen 
had a hemoglobin level below the lower limit of the 
normal range at the end of treatment (P<0.001). 
Similarly, in the genotype 1b study, 51.2% of pa-
tients who received ribavirin had a low hemoglo-
bin level at the end of treatment, as compared 
with 3.4% of patients who did not receive ribavi-
rin (P<0.001). A hemoglobin level of less than 10 g 
per deciliter at any time during treatment occurred 
in 4.0% of patients with genotype 1a infection 
who received ribavirin and in 9.0% of patients 
with genotype 1b infection who received ribavi-
rin but did not occur in any patients who received 
the ribavirin-free regimen (Table 3). The ribavirin 
dose was reduced in accordance with the proto-
col because of a decreased hemoglobin level in 
6 patients with genotype 1a infection who re-
ceived ribavirin (6.0%) and in 16 patients with 
genotype 1b infection who received ribavirin (7.6%); 
all these patients had a sustained virologic re-
sponse. Additional data on hemoglobin levels are 
provided in the Supplementary Appendix.

Other Laboratory Abnormalities

In both studies, the proportions of patients with 
elevations in the serum level of bilirubin were 
higher in the groups that received the ribavirin-
containing regimen than in the groups that re-
ceived the ribavirin-free regimen (Tables S6 and 
S7 in the Supplementary Appendix). Elevated lev-
els of indirect (unconjugated) bilirubin primarily 
accounted for the abnormalities in both studies. 
Mean bilirubin levels peaked 1 week after the start 
of study-drug treatment and stabilized or nor-
malized thereafter; maximal observed bilirubin 
levels were 6.5 mg per deciliter (110 μmol per li-
ter) in the genotype 1a study and 9.4 mg per deci-
liter (160 μmol per liter) in the genotype 1b 
study. Elevations in the bilirubin level were not 
associated with elevations in aminotransferase 
levels. Additional details on laboratory abnormali-
ties are provided in the Supplementary Appendix.

Discussion

In two phase 3 studies (PEARL-III and PEARL-IV), 
90.2 to 99.5% of previously untreated patients 

with HCV genotype 1 infection and no cirrhosis 
had a sustained virologic response after 12 weeks 
of treatment with ABT-450/r–ombitasvir and das-
abuvir with or without ribavirin. Response rates 
in all treatment groups were superior to the his-
torical response rate with a peginterferon-con-
taining telaprevir-based regimen.5 These findings 
suggest that in previously untreated patients with 
HCV infection and no cirrhosis, this 12-week 
regimen of three direct-acting antiviral agents is 
efficacious both with and without ribavirin.

We also assessed the contribution of ribavirin 
to the treatment response and safety profile of 
the regimen. The effect of ribavirin on the treat-
ment response in patients with HCV genotype 1a 
infection differed from that in patients with 
genotype 1b infection. The inclusion of ribavirin 
did not significantly affect the sustained-viro-
logic-response rate among patients with geno-
type 1b infection, because the rate was 99.0% in 
the group that did not receive ribavirin and 
99.5% in the group that received it. Thus, in this 
patient population, the 12-week regimen of ABT-
450/r–ombitasvir and dasabuvir resulted in simi-
larly high rates of sustained virologic response 
with and without ribavirin, results that are con-
sistent with those of a phase 2b study18 and 
phase 3 studies25,26 of this regimen. In contrast, 
although more than 90% of patients in each 
treatment group in the genotype 1a study had a 
sustained virologic response, the response rate 
in the group that that received the ribavirin-free 
regimen did not meet the criterion for noninfe-
riority to the rate in the group that received the 
ribavirin-containing regimen owing to a higher 
rate of virologic failure with the ribavirin-free 
regimen. A total of 18 patients with genotype 1a 
infection had virologic failure, and only 2 of 
these patients received ribavirin. Hence, the use 
of ribavirin in this population appears to confer 
an additional benefit.

Regardless of whether the antiviral regimen 
included ribavirin, the rate of discontinuation of 
the study drugs owing to adverse events was low 
(<1%). As compared with the groups that did not 
receive ribavirin, the groups that did receive it 
had more adverse events, particularly pruritus, 
nausea, and insomnia — events that are known 
to be associated with ribavirin. In addition, labo-
ratory abnormalities that have historically been 
associated with ribavirin — decreases in the he-
moglobin level and increases in the total biliru-
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bin level — were more common in the groups 
that received ribavirin. The pattern of bilirubin 
elevations across treatment regimens confirmed 
that the hyperbilirubinemic effect of ABT-450, an 
inhibitor of the bilirubin transporter OATP1B1, is 
enhanced by ribavirin-associated hemolysis. How-
ever, these abnormalities did not appear to affect 
the likelihood of treatment success and did not 
result in treatment discontinuation. Overall, the 
adverse events observed in these two phase 3 tri-
als were consistent with those observed in past 
trials with these regimens.

Studies of direct-acting antiviral therapy have 
shown that these regimens can result in high 
rates of sustained virologic response. The role of 
and need for ribavirin in maximizing sustained-
virologic-response rates in different patient pop-
ulations remain incompletely characterized by 
clinical studies. Exploratory studies have shown 
sustained-virologic-response rates of 95% or 
higher when sofosbuvir is combined with other 
direct-acting antiviral agents (ledipasvir, daclat-
asvir, or simeprevir) with or without ribavirin, 
although these findings remain to be confirmed 
by larger trials.19,20,27,28 Although these results 
suggest that sufficiently efficacious ribavirin-free 
treatments may obviate the need for ribavirin in 
some patients, larger studies will be needed to 
determine which patient populations may require 
ribavirin for the greatest chance of virologic cure.

The PEARL-III and PEARL-IV studies were 
double-blind, randomized trials with large sam-
ples and a broad geographic scope of enrollment. 
The patient populations were representative of 
typical North American or European populations 
with genotype 1a or 1b infection, the two most 
prevalent subgenotypes in North America, Asia, 
and Europe. Rates of premature discontinuation 
and loss to follow-up were low in both trials. A 
limitation of the studies was the inability to 

completely conceal the ribavirin and placebo as-
signments from patients and investigators be-
cause of the characteristic adverse events and 
laboratory abnormalities associated with ribavi-
rin. In addition, the studies did not include 
previously treated patients or patients with cir-
rhosis, although this regimen with ribavirin was 
associated with a high rate of sustained viro-
logic response in these patient populations in 
recent studies.25,26

Although the two studies showed that prema-
ture discontinuation and serious adverse events 
were uncommon with the 12-week course of all-
oral therapy that included ribavirin, as well as 
with the ribavirin-free regimen, some patients 
may benefit from a ribavirin-free treatment op-
tion, including patients with contraindications 
to ribavirin therapy, such as hemoglobinopathies 
and severe cardiac or pulmonary disease, and 
those with severe renal impairment. Given the 
known teratogenicity of ribavirin, a ribavirin-free 
regimen would also be preferable for some wom-
en of childbearing potential.

In conclusion, previously untreated patients 
with HCV genotype 1a or 1b infection and no 
cirrhosis who received ABT-450/r–ombitasvir 
and dasabuvir with or without ribavirin had high 
sustained-virologic-response rates that were su-
perior to the historical response rate with pegin-
terferon–ribavirin plus telaprevir. Although riba-
virin did not improve the response in patients 
with genotype 1b infection, our findings suggest 
that ribavirin confers an additional benefit for 
patients with genotype 1a infection.
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