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Background & Aims: MK-7009 (vaniprevir) is a non-covalent
competitive inhibitor of the hepatitis C virus (HCV) NS3/4A pro-
tease. This report presents the primary analysis results (safety
and sustained viral response) of a phase 2b study of MK-7009
given in combination with peginterferon (PegIFN) alfa2a 180 lg
weekly and ribavirin (RBV) 1000–1200 mg/day, for 24–48 weeks
to non-cirrhotic patients who have failed previous PegIFN and
RBV treatment.
Methods: We present results of a randomized, placebo-con-
trolled, double-blind study of MK-7009 administered for 24–
48 weeks in combination with PegIFN and RBV in 4 regimens to
at least 40 patients per arm. Stratification by prior response to
PegIFN and RBV was as follows: null response, partial response,
breakthrough and relapse. HCV RNA was determined by Roche
Cobas Taqman with a lower limit of detection (LLoD) of 10 IU/
ml and a lower limit of quantification (LLoQ) of 25 IU/ml.
Results: SVR24 in patients on MK-7009 + PegIFN and ribavirin
(P/R) was statistically superior to placebo + P/R in all treatment
groups (p <0.001). MK-7009 at 300 mg b.i.d. and 600 mg b.i.d. is
generally well tolerated for use for up to 48 weeks of therapy.
Patients in MK-7009 regimens had higher rates of gastrointesti-
nal adverse events as compared to control (mostly mild to mod-
erate). There were no significant differences in rates of anemia
and rash between the MK-7009 regimens and control.
Conclusions: In conclusion, patients treated with MK-7009 plus
P/R experienced significant improvement in SVR compared to
P/R control in a population of GT 1 experienced patients.
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by Elsevier B.V. All rights reserved.
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Introduction

Hepatitis C virus (HCV) is a positive-strand RNA virus of the Fla-
viviridae family and replicates primarily in the liver. While dis-
ease progression is typically a slow process that occurs over
many years, a significant fraction of patients ultimately develop
serious liver disease, including cirrhosis and hepatocellular carci-
noma [1].

Multiple viral proteins essential for HCV replication have been
characterized [1,2] and clinical proof of concept has been demon-
strated for small-molecule inhibitors that act against several of
these, including NS3/4A protease [3,4], NS5B polymerase (both
active site and allosteric inhibitors) [5–8], NS4A [9], and most
recently, NS5A [10]. Of these, NS3/4A protease inhibitors have
progressed the furthest in terms of clinical evaluation and have
been demonstrated to achieve highly significant reductions in
HCV viral loads in patients [11].

Until recently, standard treatment for HCV infection was com-
bination therapy with pegylated interferon and ribavirin (P/R)
[12–14]. However, recent FDA approval of the directly acting
antiviral agents boceprevir [15,16] and telaprevir [17,18] has
added to the HCV treatment armamentarium. These compounds
have been added to the previous P/R backbone in genotype 1
infected patients to create a 3-drug treatment regimen. Both
boceprevir and telaprevir are orally bioavailable a ketoamide
NS3/4A protease inhibitors that reversibly and covalently bind
to the HCV protease. A sustained virological response (SVR) of
up to 70% is observed when either of these protease inhibitors
is utilized with P/R and ribavirin in treatment naive patients
[19]. Both agents are also effective in patients who failed to
achieve SVR during previous treatment with P/R, though overall
SVR rates are generally lower.

In addition to the already approved HCV protease inhibitors,
there are several other investigational second-wave NS3/4A pro-
tease inhibitors. Vaniprevir (MK-7009) is one such compound
and is a macrocyclic HCV NS3/4A protease inhibitor which has
demonstrated potent antiviral efficacy and good tolerability in a
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14-day phase I monotherapy trial as well as a phase II dose-rang-
ing study [20].

This manuscript presents the primary analysis results (safety
and sustained viral response) of a phase 2b study of MK-7009
given in combination with PegIFN 180 lg weekly and RBV
1000–1200 mg/day for 24–48 weeks, to non-cirrhotic patients
who have failed previous P/R treatment.
Materials and methods

Study design

MK-7009 safety and efficacy had been established in a phase 2A study of treat-
ment naïve patients (MK-7009 study 007) [20]. The data presented in this report
are from a randomized, placebo-controlled, double-blind study of MK-7009
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administered for 24 or 48 weeks to non-cirrhotic patients, who failed previous
P/R treatment, enrolled from Australia, Austria, Belgium, Canada, Chile, Czech
Republic, France, Germany, Israel, Korea, Lithuania, New Zealand, Poland, South
Korea, Sweden, Taiwan, Thailand, UK, and the USA. Patients were treated with
MK-7009 for longer durations in the current study when compared to MK-7009
study 007 with the assumption that the demonstration of safety and efficacy in
a treatment experienced population would imply safety and efficacy in a treat-
ment naïve population. The study was conducted in accordance with principles
of Good Clinical Practice and the Declaration of Helsinki and was approved by
the appropriate institutional review boards and regulatory agencies. Informed
consent was documented for each patient prior to study enrollment.

Patient safety was overseen by an external Data Monitoring Committee made
up of 4 internationally recognized hepatologists and/or infectious disease special-
ists and one statistician. The committee met quarterly at a minimum to discuss
safety and efficacy. Additionally, direct patient monitoring for safety by principal
investigators included patient history, physical exams and pre-specified labora-
tory safety evaluations at study visits on days 1, 3 and 7 for the first week, weekly
from weeks 2 through 4, every other week from weeks 5 through 12 and then
monthly through end of study treatment.
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24 wk 48 wk Total

MK-7009 600 
mg b.i.d + 
PegIFN + RBV 

MK-7009 600 
mg b.i.d + 
PegIFN + 
RBV/24-wk 
PBO + 
PegIFN + RBV

MK-7009 300 
mg b.i.d + 
PegIFN + RBV

MK-7009 600 
mg b.i.d + 
PegIFN + RBV

PBO + 
PegIFN + RBV

n (%) n (%) n (%) n (%) n (%) n (%)
Patients in population 42 44 41 42 42 211
Sex 

Male 22 (52.4) 27 (61.4) 29 (70.7) 27 (64.3) 26 (61.9) 131 (62.1)
Female 20 (47.6) 17 (38.6) 12 (29.3) 15 (35.7) 16 (38.1) 80 (37.9)

Age (yr) 
18 to 35 5 (11.9) 1 (2.3) 2 (4.9) 5 (11.9) 3 (7.1) 16 (7.6)
36 to 50 19 (45.2) 22 (50.0) 18 (43.9) 14 (33.3) 20 (47.6) 93 (44.1)
Over 50 18 (42.9) 21 (47.7) 21 (51.2) 23 (54.8) 19 (45.2) 102 (48.3)
Mean 48.2 50.5 49.9 50.4 49.1 49.6
SD 8.9 8.1 7.9 9.1 8.4 8.5
Median 49.0 50.0 51.0 51.0 49.0 50.0
Range 29-64 32-64 28-65 23-65 28-64 23-65

Race
Asian 2 (4.8) 7 (15.9) 5 (12.2) 6 (14.3) 9 (21.4) 29 (13.7)
Black or African American 4 (9.5) 4 (9.1) 3 (7.3) 1 (2.4) 3 (7.1) 15 (7.1)
Multiracial 0 (0.0) 0 (0.0) 1 (2.4) 1 (2.4) 0 (0.0) 2 (0.9)

0 (0.0) 0 (0.0) 1 (2.4) 0 (0.0) 0 (0.0) 1 (0.5)
White
Native Hawaiian or other Pacific Islanders 

36 (85.7) 33 (75.0) 31 (75.6) 34 (81.0) 30 (71.4) 164 (77.7)
Ethnicity

Hispanic or Latino 3 (7.1) 7 (15.9) 4 (9.8) 4 (9.5) 3 (7.1) 21 (10.0)
Not Hispanic or Latino 39 (92.9) 37 (84.1) 37 (90.2) 38 (90.5) 39 (92.9) 190 (90.0)

HCV genotype
1a 18 (42.9) 17 (38.6) 17 (41.5) 21 (50.0) 15 (35.7) 88 (41.7)

1b 24 (57.1) 25 (56.8) 24 (58.5) 21 (50.0) 27 (64.3) 121 (57.3)
1 non-typeable 0 (0.0) 2 (4.5) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.9)

Metavir stage 0
Hepatic fibrosis stage

5 (11.9) 3 (6.8) 0 (0.0) 4 (9.5) 0 (0.0) 12 (5.7)
Metavir stage 1 7 (16.7) 12 (27.3) 10 (24.4) 11 (26.2) 15 (35.7) 55 (26.1)
Metavir stage 2 11 (26.2) 13 (29.5) 10 (24.4) 7 (16.7) 13 (31.0) 54 (25.6)
Metavir stage 3 3 (7.1) 2 (4.5) 7 (17.1) 7 (16.7) 5 (11.9) 24 (11.4)
Stage by other methods 16 (38.1) 14 (31.8) 14 (34.1) 13 (31.0) 9 (21.4) 66 (31.4)

Prior treatment response
Breakthrough 6 (14.3) 7 (15.9) 6 (14.6) 6 (14.3) 7 (16.7) 32 (15.2)
Null response 12 (28.6) 11 (25.0) 11 (26.8) 10 (23.8) 10 (23.8) 54 (25.6)
Partial response 8 (19.0) 8 (18.2) 8 (19.5) 9 (21.4) 9 (21.4) 42 (19.9)
Relapse 16 (38.1) 18 (40.9) 16 (39.0) 17 (40.5) 16 (38.1) 83 (39.3)

Screening HCV RNA
<800,000 IU/ml 5 (11.9) 4 (9.1) 7 (17.1) 6 (14.3) 4 (9.5) 26 (12.3)
800,000 to <2,000,000 IU/ml 9 (21.4) 11 (25.0) 4 (9.8) 11 (26.2) 11 (26.2) 46 (21.8)
2,000,000 IU/ml to <5,000,000 IU/ml 15 (35.7) 9 (20.5) 12 (29.3) 7 (16.7) 11 (26.2) 54 (25.6)
5,000,000 to <10,000,000 IU/ml 6 (14.3) 7 (15.9) 7 (17.1) 14 (33.3) 4 (9.5) 38 (18.0)
≥10,000,000 IU/ml 7 (16.7) 13 (29.5) 11 (26.8) 4 (9.5) 12 (28.6) 47 (22.3)

Table 1. Baseline patient characteristics.

JOURNAL OF HEPATOLOGY
MK-7009 was administered in combination with P/R in 4 regimens (one
300 mg b.i.d. regimen and three 600 mg b.i.d. regimens) to at least 40 patients
per arm of the study (Fig. 1A). There was also a control arm that received pla-
cebo + P/R. Patients were stratified based on prior response to P/R (null response,
partial response, breakthrough and relapse). Key inclusion criteria for entry into
the study included chronic genotype (GT) 1 HCV-infected patients who have
failed prior treatment(s) with P/R, a minimum of 25% of patients prior null
Journal of Hepatology 20
responders, men and women 18–65 years of age, and baseline HCV RNA
P4 � 105 IU/ml. Key exclusion criteria included non-HCV-related chronic hepati-
tis, HIV co-infection, evidence of cirrhosis on liver biopsy or approved non-inva-
sive imaging, or any other condition contraindicated for treatment with P/R.

HCV RNA was measured at every scheduled study visit and detected by Roche
Cobas Taqman. This assay has a lower limit of detection (LLoD) of 10 IU/ml and a
lower limit of quantification (LLoQ) of 25 IU/ml.
13 vol. 59 j 11–17 13



Table 2. SVR24 rates in the ITT population.

Treatment vs. placebo + PegIFN
+ RBV at 24 week follow-up

Treatment N m n (%) Unadjusted difference in % Adjusted difference in % 
(95% CI)*

p value

24-wk MK-7009 600 mg b.i.d + PegIFN + RBV 38 33 27 (71.1) 52.0 53.6 (34.5-69.1) <0.001
24-wk MK-7009 600 mg b.i.d + PegIFN + RBV/24-wk 
PBO + PegIFN + RBV

38 32 32 (84.2) 65.2 64.4 (45.2-78.3) <0.001

48-wk MK-7009 300 mg b.i.d + PegIFN + RBV 39 30 26 (66.7) 47.6 47.3 (29.2-63.2) <0.001
48-wk MK-7009 600 mg b.i.d + PegIFN + RBV 41 34 32 (78.0) 59.0 59.0 (40.2-73.4) <0.001
48-wk PBO + PegIFN + RBV 42 16 8 (19.0)

⁄The adjusted difference is the difference of the two proportions (MK-7009 treatment regimen minus control regimen) adjusting for the stratification variable with Cochran
Mantel-Haenszel (CMH) weights. The Miettinen and Nurminen method was used for this analysis.
N, number of patients included in the analysis; m, number of patients with an HCV RNA result at the 24 week follow-up visit; n (%) = number of patients with undetectable
HCV RNA at the 24 week follow-up visit and the percentage calculated as (n/N) ⁄ 100; CI, confidence interval; ITT, intention to treat.
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Objectives

This study’s primary safety objective was to evaluate the safety and tolerability of
the MK-7009 300 mg b.i.d. treatment regimen and the three MK-7009 600 mg
b.i.d. treatment regimens as compared with placebo in combination with
48 weeks of P/R (hereafter referred to as the control regimen), as assessed by
review of the accumulated safety data.

The primary efficacy objective was to evaluate the antiviral activity of the
three MK-7009 600 mg b.i.d. treatment regimens as compared with the control
regimen, as assessed by the proportion of patients achieving undetectable HCV
RNA 24 weeks after the end of all study therapy (sustained viral response 24
[SVR24]).

Secondary objectives included: (1) to evaluate the antiviral activity of the
MK-7009 300 mg b.i.d. treatment regimen as compared with the control regimen,
as assessed by the proportion of patients achieving SVR24; (2) to evaluate the
antiviral activity of treatment regimen 1 (24 weeks of MK-7009 600 mg b.i.d. in
combination with P/R) as assessed by the proportion of patients achieving
SVR24, as compared with response at treatment week 48 in the control regimen;
(3) to evaluate the antiviral activity of MK-7009 300 mg b.i.d. treatment regimen
and two MK-7009 600 mg b.i.d. treatment regimens (treatment regimens 2, 3,
and 4) as compared with the control regimen, as assessed by the proportion of
patients achieving undetectable viral RNA at treatment week 48.

Data analysis

Safety analyses are based on ‘all patients as treated’ (APaT) population. The full
analysis set (FAS) population served as the primary population for the efficacy
analysis. This population included all randomized patients who received at least
one dose of study medication and had post-dose data. For this study, there is no
difference in the results whether we use the FAS population or the Intent-to-Treat
(ITT) population. Although we required the patients to have at least one post-ran-
domization end point subsequent to at least one dose of study treatment to be
included in the FAS population, every patient who was randomized and received
at least one dose of study medication had at least one post-randomization HCV
RNA measurement. Therefore, no patient was excluded based on the requirement
of a post-randomization end point and the FAS population was identical to the ITT
population.

With a sample size of �40 per treatment arm, there was 82% power to dem-
onstrate that at least one of the MK-7009 treatment regimens was superior to the
control regimen as assessed by SVR24. This assumes a true difference in SVR24 of
32% at the point of maximum variability for a binary end point (for instance,
SVR24 of 66% for the MK-7009 treatment regimens and an SVR24 of 34% for the
control regimen; the maximum variability for a binary end point is 50%).

Criteria for virologic failure

HCV RNA data was provided to the designated unblinded Clinical Monitor and
patients were discontinued from all study therapy if they met any of the follow-
ing criteria for virologic failure: if the patient did not achieve at least a 2-log10 IU/
ml decline in HCV RNA from baseline by treatment week 12; if the patient had
quantifiable HCV RNA at treatment week 24 (if the patient had positive but
non-quantifiable HCV RNA at treatment week 24, a second measurement was
taken at treatment week 28, if applicable; if the week 28 result was also positive,
14 Journal of Hepatology 20
the patient was discontinued from the study); if the patient had evidence of
breakthrough viremia, as defined by: (1) a >1-log10 increase from nadir viral
RNA (nadir calculated from up to two consecutive HCV RNA measurements) in
two consecutive visits by week 12, or (2) a plasma viral RNA of >100 IU/ml, in
two consecutive visits after becoming undetectable; if the patient had evidence
of relapse, as defined by two consecutive visits with detectable HCV RNA follow-
ing the end of all study treatment after becoming undetectable on treatment.
Results

Overall, 211 patients were enrolled into the five treatment regi-
mens (Fig. 1B). Of those, 62.1% were male (n = 131) and 37.9%
were female (n = 80) (Table 1). Overall, 190 patients (90.0%) com-
pleted the study, and 20 (9.5%) discontinued (Supplementary
Table 1). The most common reasons for study discontinuation
were ‘withdrawal by subject’, and ‘lost to follow-up’. The mean
age of enrolled patients was 49.6 years, and age ranged from 23
to 65 years. Caucasian patients made up the majority of the pop-
ulation (77.7%), followed by Asian (13.7%) and Black/African
American (7.1%) patients. The population was skewed slightly
towards HCV 1b infection (57.3%); 41.7% of patients were
infected with HCV 1a. Relapse made up the largest portion of
prior failures (39.3%), followed by null response (25.6%), partial
response (19.9%) and breakthrough (15.2%). Of the patients with
IL28B SNP data available, 26 (19.8%) and 105 (80.2%) were CC and
CT/TT, respectively.

SVR24 rates in the ITT population can be seen in Table 2.
Patients given 24 or 48 week courses of MK-7009 600 mg
b.i.d. + P/R had SVR24 rates of 71.1% and 78.0%, respectively.
While there may be no obvious advantage to a longer treatment
regimen, the study was not powered to discern differences
between 24- and 48-week treatments. The SVR24 rate in patients
randomized to the 300 mg b.i.d. + P/R treatment regimen was
66.7%. The largest percentage of patients achieving SVR24

(84.2%) was seen in the 24-wk 600 mg bid + P/R/24-wk PBO + P/R
treatment group. SVR24 in patients on MK-7009 + P/R was
statistically superior to placebo + P/R in all treatment groups
(p <0.001). Thirteen patients in the vaniprevir treatment groups
were excluded from the primary analysis based on the pre-spec-
ified missing data approach. Patients who discontinued for
administrative reasons, whose last HCV RNA measurement was
undetectable prior to discontinuation, were not included.
Patients who discontinued for treatment-related reasons, regard-
less of HCV RNA measurements, were considered failures. Rea-
sons for virologic failure are listed in Supplementary Table 2.
13 vol. 59 j 11–17



Table 3. SVR24 rates by (A) prior response to therapy and (B) genotype in the ITT population.

A Breakthrough Null response Partial response Relapse Total 

N (%) N (%) N (%) N (%) N (%)
Patients included in the analysis 30 (15.1) 51 (25.8) 39 (19.6) 78 (39.2) 198 (100.0)
Treatment N m n (% SVR24) N m n (% SVR24) N m n (% SVR24) N m n (% SVR24) N m n (% SVR24)
24-wk MK-7009 600 mg b.i.d 
+ PegIFN + RBV

5 3 2 (40.0) 12 10 6 (50.0) 7 6 6 (85.7) 14 14 13 (92.9) 38 33 27 (71.1)

24-wk MK-7009 600 mg b.i.d + PegIFN 
+ RBV/24-wk PBO + PegIFN + RBV

7 6 6 (85.7) 9 7 7 (77.8) 6 5 5 (83.3) 16 14 14 (87.5) 38 32 32 (84.2)

48-wk MK-7009 300 mg b.i.d 
+ PegIFN + RBV

5 4 3 (60.0) 10 5 4 (40.0) 8 5 3 (37.5) 16 16 16 (100.0) 39 30 26 (66.7)

48-wk MK-7009 600 mg b.i.d 
+ PegIFN + RBV

6 5 4 (66.7) 10 6 5 (50.0) 9 9 9 (100.0) 16 14 14 (87.5) 41 34 32 (78.0)

48-wk PBO + PegIFN + RBV 7 3 2 (28.6) 10 1 0 (0.0) 9 3 1 (11.1) 16 9 5 (31.3) 42 16 8 (19.0)

B 1a 1b 1 non-typeable Total

N (%) N (%) N (%) N (%)
Patients included in the analysis 81 (40.9) 115 (58.1) 2 (1.0) 198 (100.0)
Treatment N m n (% SVR24) N m n (% SVR24) N m n (% SVR24) N m n (% SVR24)
24-wk MK-7009 600 mg b.i.d + PegIFN 
+ RBV

16 14 9 (56.3) 22 19 18 (81.8) 0 0 0 ( ) 38 33 27 (71.1)

24-wk MK-7009 600 mg b.i.d + 
PegIFN + RBV/24-wk PBO + PegIFN 
+ RBV

12 10 10 (83.3) 24 20 20 (83.3) 2 2 2 (100.0) 38 32 32 (84.2)

48-wk MK-7009 300 mg b.i.d + PegIFN 
+ RBV

17 14 11 (64.7) 22 16 15 (68.2) 0 0 0 ( ) 39 30 26 (66.7)

48-wk MK-7009 600 mg b.i.d + PegIFN 
+ RBV

21 16 15 (71.4) 20 18 17 (85.0) 0 0 0 ( ) 41 34 32 (78.0)

48-wk PBO + PegIFN + RBV 15 8 3 (20.0) 27 8 5 (18.5) 0 0 0 ( ) 42 16 8 (19.0)

(A) N, number of patients included in the analysis by prior treatment response; (%), percentage of patients included in the analysis calculated as (prior treatment response
N/total N) ⁄ 100; m, number of patients with an HCV RNA result at the 24 week follow-up visit; n (% SVR24), number of patients with undetectable HCV RNA at the 24 week
follow-up visit and the percentage calculated as (n/N) ⁄ 100.
(B) N, number of patients included in the analysis by HCV genotype; (%), percentage of patients included in the analysis calculated as (HCV genotype N/total N) ⁄ 100; m,
number of patients with an HCV RNA result at the 24 week follow-up visit; n (% SVR24), number of patients with undetectable HCV RNA at the 24 week follow-up visit and
the percentage calculated as (n/N) ⁄ 100.
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Fig. 2. Sustained viral response by IL28B (rs12979860) genotype.
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SVR24 rates by prior response to therapy reveal that the high-
est response rates were seen in patients who previously either
partially responded or relapsed (Table 3A). Importantly, the
results of this analysis are based on small numbers due to the
stratification into several patient groups. When SVR24 rates were
examined by HCV genotype, there were no obvious differences in
response to two of the three MK-7009 treatment regimens
between genotype 1a and 1b (Table 3B). Though the numbers
are small, a difference that is evident between genotype 1a and
genotype 1b is the response in patients given 24 weeks of treat-
ment with MK-7009 600 mg b.i.d. SVR24 in this population was
56.3% in patients with type 1a and 81.8% in patients with type
1b. However, no conclusive statements can be made as the study
was not powered to study genotype subtype differences. Simi-
larly, the samples sizes become small as the SVR rates are exam-
ined by baseline HCV RNA levels and fibrosis staging; thus the
data were not instructive (data not shown).

IL28B status was collected from 131 patients who provided
genetic consent and were analyzed in the per-protocol analyses.
Of these, 19.8% (26/131) were CC, 59.5% were CT (78/131) and
20.6% were TT (27/131) for the SNP rs12979860. While IL28 geno-
type interactions were seen with SVR24 when considering all
treatment groups, the effect of IL28 genotype became non-signif-
icant when considering only the MK-7009 groups (data not
Journal of Hepatology 20
shown). Therefore it appears that the interaction was mainly
driven by the difference in actual SVR24 rates between PBO and
MK-7009 treatment arms. Moreover, it was found that for each
13 vol. 59 j 11–17 15



Table 4. Adverse events of clinical interest during the treatment phase.

24 wk 48 wk

MK-7009 600 mg 
b.i.d + PegIFN + 
RBV 

MK-7009 600 mg 
b.i.d + PegIFN + 
RBV/24-wk PBO + 
PegIFN + RBV 

MK-7009 300 mg 
b.i.d + PegIFN + 
RBV 

MK-7009 600 mg 
b.i.d + PegIFN + 
RBV 

PBO + PegIFN + 
RBV 

n (%) n (%) n (%) n (%) n (%) 
Patients in population 40 42 41 46 42
With one or more drug-related adverse 
events

36 (90.0) 41 (97.6) 40 (97.6) 45 (97.8) 35 (83.3)

Blood and lymphatic system disorders 10 (25.0) 12 (28.6) 12 (29.3) 11 (23.9) 8 (19.0)
Anaemia 5 (12.5) 8 (19.0) 8 (19.5) 5 (10.9) 7 (16.7)
Leukopenia 2 (5.0) 2 (4.8) 0 (0.0) 1 (2.2) 0 (0.0)
Neutropenia 8 (20.0) 5 (11.9) 3 (7.3) 7 (15.2) 2 (4.8)
Thrombocytopenia 1 (2.5) 0 (0.0) 1 (2.4) 1 (2.2) 1 (2.4)

Gastrointestinal disorders 32 (80.0) 35 (83.3) 31 (75.6) 40 (87.0) 23 (54.8)
Diarrhea 17 (42.5) 18 (42.9) 13 (31.7) 25 (54.3) 5 (11.9)
Nausea 20 (50.0) 16 (38.1) 13 (31.7) 28 (60.9) 6 (14.3)
Vomiting 12 (30.0) 12 (28.6) 5 (12.2) 13 (28.3) 1 (2.4)

Skin and subcutaneous tissue disorders 23 (57.5) 26 (61.9) 26 (63.4) 32 (69.6) 19 (45.2)
Pruritus 14 (35.0) 13 (31.0) 12 (29.3) 14 (30.4) 8 (19.0)
Rash 6 (15.0) 6 (14.3) 6 (14.6) 14 (30.4) 7 (16.7)

Every patient is counted a single time for each applicable row and column.
A system organ class or specific adverse event appears on this report only if its incidence in one or more of the columns meets the incidence criterion in the report title, after
rounding.

Research Article
MK-7009 treatment arm, there was no significant evidence that
CC genotype patients achieved SVR24 at a higher rate (Fig. 2).

In total, 83.3% of patients in the PBO arm and between 90.0%
and 97.8% of patients in the MK-7009 treatment arms reported
one or more drug-related adverse events during the treatment
period (Table 4). Overall, between 5 and 8 patients in each of
the MK-7009 treatment arms and 7 patients in the PBO arm
had reported anemia. To address the anemia, 11 patients received
epoetin beta during the trial. There were no significant differ-
ences in rates of anemia and rash between the MK-7009 regi-
mens and the control group. No serious rashes were reported.
Patients in MK-7009 regimens had higher rates of gastrointesti-
nal adverse events as compared to control (Table 4). A complete
adverse event summary is reported in Supplementary Table 3.
The most common gastrointestinal adverse events reported were
diarrhea, nausea, and vomiting. Most gastrointestinal adverse
experiences were mild to moderate in intensity; few were severe
(Supplementary Table 4). Other adverse events with incidences
P25% are shown in Supplementary Table 5.
Discussion

First generation HCV protease inhibitors such as boceprevir and
telaprevir have strong antiviral efficacy, but need to be dosed fre-
quently (8 or 12 h) and can be associated with anemia, dysgeusia,
and skin rashes [21,22]. MK-7009 is a macrocyclic HCV NS3/4A
protease inhibitor (administered QD or BID) that has demon-
strated strong antiviral potency and a good safety profile in phase
I studies [23].

In this report, MK-7009 (when combined with pegylated
interferon alfa 2a and ribavirin) produced a significant improve-
ment in the rate of SVR compared to retreatment with P/R in
patients who had failed previous therapy for chronic hepatitis
C. The highest rates of SVR24 were seen in patients who relapsed
16 Journal of Hepatology 20
after initial P/R treatment; where cumulatively MK-7009 treated
patients had an SVR24 of 94%. This result may be in part the result
of the higher number of patients with genotype 1b, although the
overall results appear to demonstrate no significant difference.
The outcomes of this trial compare favorably to the trials of tela-
previr and boceprevir [24,25]. In this trial, prior null responder
patients had numerically higher SVR point estimates compared
to the data from telaprevir- and boceprevir-based therapies,
although direct comparisons of these data to previous data for
boceprevir and telaprevir are precluded due to lack of head-to-
head studies. Observed MK-7009 SVR24 rates are similar to
another ‘first generation second wave’ HCV protease inhibitor,
TMC-435 [26]. Cirrhotic patients were randomized in this study
in a separate cohort in a sequential fashion; the results will be
analyzed once all cirrhotic patients have completed the follow-
up visits.

Resistance is an important consideration in the use of HCV
protease inhibitors [27]. Resistance-associated amino acid vari-
ants (RAVs) in response to MK-7009 therapy were predominantly
observed at positions R155, A156 and/or D168 in non-SVR
patients. This resistance profile is similar to other first generation
NS3/4 inhibitors [28–31].

MK-7009 therapy at 300 mg and 600 mg b.i.d. was generally
well tolerated for up to 48 weeks of therapy. Patients receiving
MK-7009 regimens had higher rates of gastrointestinal (GI)
adverse events (AEs) when compared with control. Most GI AEs
were mild to moderate in severity. There were no significant dif-
ferences in rates of anemia and rash between the patients receiv-
ing MK-7009 and control.

In conclusion, patients treated with MK-7009 plus P/R experi-
enced significant improvement in SVR compared to P/R control in
a population of GT 1 experienced patients. Results show that MK-
7009 compares favorably with other first generation protease
inhibitors. MK-7009 was generally well tolerated and most
adverse experiences were mild to moderate in severity. Based
13 vol. 59 j 11–17
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on these findings, the development of MK-7009 has advanced to
phase 3 in Japan.
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