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Background & Aims: We assessed the safety and efficacy of boce- able HCV RNA at week 8) were 90–93% in the BOC/PR48 arm.

previr (BOC) plus peginterferon–ribavirin (PR) in patients with
HCV-G1 infection and advanced fibrosis/cirrhosis (Metavir F3/F4).
Methods: In two randomized controlled studies of previously
untreated and previous treatment failures, patients received a
4-week lead-in of PR followed by PR plus placebo for 44 weeks
(PR48); PR plus BOC using response guided therapy (BOC/RGT);
or PR plus BOC for 44 weeks (BOC/PR48).
Results: The trials enrolled 178 patients with F3/4. HCV RNA lev-
els at week 4 and 8 were highly predictive of response. No patient
with F3/4 in the PR48 arm with a <1 log10 decline in HCV RNA at
week 4 achieved SVR, whereas those randomized to BOC/RGT or
BOC/PR48 had SVR rates of 11–33% (F3) and 10–14% (F4). In these
latter groups, patients with high baseline viral load (>2 � 106 IU/
ml) had an overall SVR rate of 6% (2/33). For patients with a
P1 log10 decline at week 4, SVR rates in the BOC/PR48 arm of
SPRINT-2 and RESPOND-2, respectively, were 77% and 87% vs.
18% and 50% for PR48; SVR rates in early responders (undetect-
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Neutropenia and thrombocytopenia were more common in cir-
rhotics than non-cirrhotics.
Conclusions: BOC improves SVR rates in patients with F3/4, and
longer treatment duration provides the most benefit. With triple
therapy, SVR rates are modest in F4 patients with a <1 log10

decline at week 4, thus the 4-week PR lead-in aids in the assess-
ment of early futility.
� 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
Introduction

It is well known that advanced fibrosis and cirrhosis impact the
chance of sustained virologic response (SVR) using combination
therapy with peginterferon–ribavirin [1,2]. While there are
increased risks in treating these patients, survival rates are signif-
icantly higher in patients with cirrhosis who attain an SVR than
non-responders, with respect to liver failure and hepatocellular
carcinoma (HCC); thus, the primary goal of treating these
patients is viral eradication [3–5].

Standard-of-care therapy for HCV genotype-1 patients has
evolved from the combination of peginterferon–ribavirin to triple
therapy with a direct-acting antiviral agent (DAA) that targets the
HCV non-specific protein 3/4a (NS3/4A) protease combined with
a peginterferon–ribavirin backbone [6–9]. Two large phase 3 tri-
als assessed the safety and efficacy of the DAA boceprevir (BOC)
in previously untreated patients (SPRINT-2) and previous treat-
ment-failure patients (RESPOND-2) with chronic hepatitis C
genotype-1 [6,7]. These studies demonstrated that the rate of
SVR was significantly improved with BOC plus peginterferon–
ribavirin compared to peginterferon–ribavirin alone. Common
predictors of SVR in both studies included treatment with BOC,
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low baseline viral load, and absence of cirrhosis. In addition,
recent analyses demonstrated the relationship and utility of
baseline factors, including IL-28B genotype, and their association
with SVR and early viral kinetics. In these analyses, a P1 log10

decline in HCV RNA at week 4 (i.e., after the four-week lead-in
period with peginterferon–ribavirin) was shown to be the stron-
gest overall predictor of SVR [10].

The impact of advanced fibrosis/cirrhosis on SVR rates was
examined in SPRINT-2 and RESPOND-2 [6,7]. Interestingly, in
the peginterferon–ribavirin control arm of SPRINT-2, SVR rates
were numerically higher in patients with cirrhosis (46%; 6/13)
vs. those without cirrhosis (37%; 126/339) and were considerably
higher than the 20–30% SVR rates observed in cirrhotic patients
in other studies [11,12]. Patients with cirrhosis, who were ran-
domized to a BOC-containing regimen, achieved SVR rates of
31% (5/16; BOC/RGT) to 42% (10/24; BOC/PR48). In the
RESPOND-2 trial, no patients in the control arm with cirrhosis
achieved SVR (0/10), whereas those in the BOC arms had SVR
rates of 35% (6/17; BOC/RGT) and 77% (17/22; BOC/PR48).

Here we further explore the efficacy and safety of triple ther-
apy in patients with cirrhosis and/or advanced fibrosis who par-
ticipated in the SPRINT-2 and RESPOND-2 studies. We
retrospectively analyzed data from the pivotal BOC trials to deter-
mine the relationship between on-treatment viral kinetics and
SVR, and we assessed baseline characteristics to identify early
futility time points in patients with advanced fibrosis/cirrhosis.
Materials and methods

SPRINT-2 (NCT00705432) and RESPOND-2 (NCT00708500) were phase III, inter-
national, randomized, double-blind, placebo-controlled studies of adult patients
with chronic HCV genotype-1 infection [6,7]. The study protocols and data anal-
ysis plans are available at http://www.nejm.org. In both studies, standard therapy
with peginterferon alfa-2b and ribavirin (PegIntron and Rebetol, respectively;
Merck) was compared with two treatment regimens in which BOC was added
after a lead-in period of peginterferon–ribavirin alone (Supplementary Fig. 1).
SPRINT-2 involved 1097 previously untreated patients. RESPOND-2 involved
403 patients who had failed to attain an SVR after an adequate course of previous
peginterferon–ribavirin therapy, defined as either a non-response (i.e., a decrease
in the HCV RNA level of >2 log10 by week 12 but with a detectable HCV RNA level
during the therapy period) or relapse (i.e., an undetectable HCV RNA level at the
end of treatment, without subsequent attainment of an SVR). Exclusion criteria
for both studies were as previously described.

Non-cirrhotic patients were required to have a liver biopsy performed within
3 years of study entry. A biopsy demonstrating cirrhosis was acceptable regard-
less of the length of time since biopsy. All liver-biopsy specimens from both stud-
ies were assessed for Metavir fibrosis scores by the same pathologist (author ZG)
who was unaware of treatment assignment. Possible Metavir scores were as fol-
lows: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few
septa; F3, numerous septa without cirrhosis; and F4, cirrhosis.

Peginterferon alfa-2b and BOC were administered as previously described.
Patients were randomly assigned to one of three treatment groups. In all groups,
peginterferon alfa-2b and ribavirin (PR) were administered for 4 weeks (the lead-
in period). Subsequently, the first group received placebo plus PR for 44 weeks
(abbreviated as PR48); the second group received BOC plus PR using response-
guided therapy (abbreviated as BOC/RGT); and the third group received BOC plus
PR for 44 weeks (abbreviated as BOC/PR48). In the BOC/RGT of both studies, the
duration of therapy was based on a prespecified decision point, whereby those
with undetectable HCV RNA at week 8 were eligible for shorter therapy (Supple-
mentary Fig. 1).

Plasma HCV RNA levels were measured with the use of the TaqMan 2.0 assay
(Roche Diagnostics), which has lower limits of quantification and detection of 25
and 9.3 IU/ml, respectively; the lower limit of detection was used for the defini-
tion of undetectable at all time points. Both studies prospectively consented
patients for pharmacogenomic testing and collected samples for biomarker iden-
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tification, as described previously [10]. Population sequencing was used to detect
resistance-associated amino acid variants (RAVs), previously identified to confer
reduced susceptibility to BOC [13–16].

Efficacy analyses

In both studies, the primary end point was SVR, which was defined as unde-
tectable HCV RNA at follow-up week 24. If data were missing at follow-up
week 24, then follow-up week 12 data was carried forward, if available. Anal-
ysis of SVR by fibrosis score subgroups, formed by categorizing as F0/1/2/3
(non-cirrhosis) vs. F4 (cirrhosis) and F0/1/2 (non-advanced fibrosis) vs. F3/4
(advanced fibrosis), was pre-specified in the Data Analysis Plan and has been
previously reported [6,7].

For the current report, we performed post hoc analyses which assessed SVR
rates by Metavir score for patient subgroups determined by (1) the week 4
response to interferon (poor response [<1 log10 decline] vs. good response
[P1 log10 decline]), (2) the treatment week 8 response (undetectable [early
responder] vs. detectable [late responder]), (3) the historical response to treat-
ment (prior non-response vs. prior relapse) for patients in RESPOND-2, and (4)
the IL-28B rs12979860 genotype (CC, CT, or TT). For the analysis of the week 4
response, further stratification by baseline HCV viral load and HCV genotype
was also performed. These analyses were based on a modified intent-to-treat
population, which included all patients who completed the lead-in period of
treatment, received at least one dose of boceprevir or placebo, and had a baseline
Metavir score available. No imputations were done for subgroups where covariate
information (e.g., fibrosis score) was missing. No inferential statistics were
planned for these subgroups; statistical comparisons on baseline characteristics,
using the Chi-square test for categorical variables, and independent samples
t-test for continuous variables, should be considered exploratory.

Safety analyses

Adverse events (AE) were graded by the investigators according to a modified
World Health Organization grading system. Non-life-threatening hematologic
AEs were managed by means of dose reduction or administration of hematopoi-
etic growth factors (or both). Data for AEs and hematologic events by WHO grade
include a phase 2 study in previously untreated patients (SPRINT-1;
NCT00423670) where patients were stratified by cirrhosis vs. no cirrhosis [17].
Results

Patient characteristics

Of the 1500 patients enrolled in SPRINT-2 and RESPOND-2, 1435
(96%) had non-missing data for baseline Metavir fibrosis score;
178 (12%) had advanced fibrosis/cirrhosis (Metavir score F3/4)
and 102 of these patients (7%) had cirrhosis (Metavir score F4).
In SPRINT-2, patients with advanced fibrosis/cirrhosis were older
and more patients with advanced fibrosis/cirrhosis were male
(Table 1). There was also a higher proportion of patients with
advanced fibrosis/cirrhosis from Latin America and North Amer-
ica, compared to Europe, although Latin Americans represented
only 2% of the study population. In RESPOND-2, patients with
advanced fibrosis/cirrhosis had a higher mean BMI and lower
baseline viral load than patients without advanced fibrosis/cir-
rhosis. Baseline characteristics of patients with cirrhosis showed
similar trends (Supplementary Table 1). IL-28B genotype data at
the rs12979860 locus were available for 631 (60%) and 243
(65%) of SPRINT-2 and RESPOND-2 patients, respectively
(Table 1). In SPRINT-2, the CC, CT, and TT genotypes were equally
distributed between those with and without advanced fibrosis/
cirrhosis. In RESPOND-2, the CC genotype was present in 32% of
patients with advanced fibrosis/cirrhosis vs. 22% of those without
advanced fibrosis/cirrhosis.
3 vol. 58 j 479–487
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Table 1. Baseline patient characteristics, by Metavir score.

SPRINT-2 RESPOND-2

F0/1/2 F3/4 F0/1/2 F3/4

N = 960 N = 100 N = 297 N = 78
n/ma (%) n/ma (%) n/ma (%) n/ma (%)

Sex
Male 561/632 (89) 71/632 (11) 192/249 (77) 57/249 (23)
Female 399/428 (93) 29/428 (7) 105/126 (83) 21/126 (17)
p value 0.01 0.16

Race
Black 139/154 (90) 15/154 (10) 42/47 (89) 5/47 (11)
Non-Black 821/906 (91) 85/906 (9) 255/328 (78) 73/328 (22)
p value 0.88 0.07

Age (yr), mean ± SD 48.9 ± 9.5 52.1 ± 7.7 52.6 ± 7.7 53.7 ± 7.5
p value <0.001 0.28

BMI, mean ± SD 27.5 ± 5.0 28.4 ± 5.2 28.0 ± 4.3 29.8 ± 5.2
p value 0.11 0.001

Region
North America 689/773 (89) 84/773 (11) 207/264 (78) 57/264 (22)
Europe 243/255 (95) 12/255 (5) 89/110 (81) 21/110 (19)
Latin America 28/32 (87) 4/32 (13) 1/1 (100) 0/1 (0)
p value 0.01 0.76

HCV subtypeb

1a 596/667 (89) 71/667 (11) 172/219 (79) 47/219 (21)
1b 330/356 (93) 26/356 (7) 124/154 (81) 30/154 (19)
p value 0.21 0.53

Viral load
>800,000 IU/ml 820/906 (91) 86/906 (9) 264/326 (81) 62/326 (19) 
≤800,000 IU/ml 140/154 (91) 14/154 (9) 33/49 (67) 16/49 (33)
p value 0.87 0.03

Prior response, n/Nc (%) N = 297 N = 78
Non-response n.a. n.a. 103 (35) 28 (36)
Relapse n.a. n.a. 194 (65) 50 (64)

IL28B rs12979860 genotyped, n/N (%) N = 577 N = 54 N = 190 N = 53
CC 176 (31) 15 (28) 41 (22) 17 (32)
CT 296 (51) 27 (50) 123 (65) 26 (49)
TT 105 (18) 12 (22) 26 (14) 10 (19)

n.a., not available.
an, patients with indicated fibrosis score; m, patients with indicated characteristics.
bNS5B sequencing by Virco. Data missing for 37 patients in SPRINT-2 and 2 in RESPOND-2.
cn, patients with indicated characteristic; N, patients with indicated fibrosis score.
dIncludes patients who consented to genomic testing and completed the lead-in phase.

JOURNAL OF HEPATOLOGY
Baseline and on-treatment predictors of SVR

The log10 decline in HCV RNA at week 4, the end of the lead-in
period, was highly predictive of response, in patients with
advanced fibrosis/cirrhosis. In both studies, none of the patients
with advanced fibrosis/cirrhosis in the PR48 control arm with
<1 log10 decline in HCV RNA at week 4 achieved SVR (Fig. 1A).
Those randomized to a BOC-containing regimen had SVR rates
ranging from 13% (2/16) to 25% (3/12). Patients with P1 log10

decline in HCV RNA at week 4 had substantially higher SVR rates
than those with <1 log10 decline (Fig. 1B). In both studies, F3
patients who received PR had SVR rates of 40–50%; however in
RESPOND-2, none of the patients with cirrhosis who received
PR achieved SVR (0/6). Patients with advanced fibrosis/cirrhosis
Journal of Hepatology 201
in the BOC/PR48 arm had higher SVR rates (77% (920/26) in
SPRINT-2; 87% (20/23) in RESPOND-2) than patients in the
BOC/RGT arm (52% (11/21) and 55% (11/20), respectively).

Baseline viral load appeared to impact rates of SVR in patients
who received BOC and who had a <1 log10 HCV RNA decline at
week 4. In SPRINT-2, patients who had a viral load
>2,000,000 IU/ml had SVR rates of 5% (1/19); the corresponding
SVR rate in RESPOND-2 was 7% (1/14). Combining both studies,
SVR was attained in 6% (2/33) of these patients, 4% (1/26) with
HCV genotype-1a and 14% (1/7) with genotype-1b, respectively,
corresponding to a negative predictive value of 94%. Conversely,
for those patients with a <1 log10 HCV RNA decline at week 4
but baseline viral load 6 2,000,000 IU/ml, SVR rates were 43%
(3/7) in SPRINT-2 and 60% (3/5) in RESPOND-2. Of the 6 patients
3 vol. 58 j 479–487 481
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Fig. 1. Sustained virologic response (SVR) in patients with advanced fibrosis/cirrhosis with (A) poor response vs. (B) good response to interferon.
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who achieved SVR, 2 were HCV genotype-1a (both in SPRINT-2)
and 4 were genotype-1b (1 in SPRINT-2; 3 in RESPOND-2).

In the response-guided-therapy groups of both studies (BOC/
RGT), the duration of therapy was based on a prespecified deci-
sion point whereby those patients with undetectable HCV RNA
at week 8 were eligible for shorter therapy. For patients with
advanced fibrosis/cirrhosis, we utilized treatment week 8 to
define ‘early responders’ (HCV RNA undetectable at week 8)
and ‘late responders’ (HCV RNA detectable at week 8). In both
studies, for patients with advanced fibrosis/cirrhosis, SVR rates
in early responders were more than three times higher than in
late responders (Fig. 2) and were comparable to SVR rates in
patients without advanced liver disease (Supplementary Fig. 2).

For patients in RESPOND-2, we also examined SVR rates based on
historical response to treatment (i.e., prior non-response vs. prior
relapse). Among patients with advanced fibrosis/cirrhosis, those
with prior non-response had SVR rates of 0% (0/5), 30% (3/10), and
46% (6/13) in the PR48, BOC/RGT, and BOC/PR48 arms, respectively
(Supplementary Fig. 3). The corresponding SVR rates for those with
prior relapse were 20% (2/10), 50% (11/22), and 83% (15/18) in the
PR48, BOC/RGT, and BOC/PR48 arms, respectively.

An analysis of SVR rates by IL-28 genotype was limited due to
the small number of patients (Supplementary Table 2). In
SPRINT-2, only 5 cirrhotic patients had the favorable CC genotype
(2 PR, 1 BOC/RGT, and 2 BOC/PR48) and each of these patients
achieved SVR. The CT genotype was the most common, and SVR
482 Journal of Hepatology 201
rates were 17% (PR48, 1/6), 33% (BOC/RGT, 2/6) and 0% (BOC/
PR48, 0/4). Eight patients had the less favorable TT genotype (1
PR, 3 BOC/RGT, and 4 BOC/PR48) and the corresponding SVR rates
were 100% (1/1), 0% (0/3), and 50% (2/4). In RESPOND-2, 8 cirrhotic
patients had the CC genotype (0 PR, 4 BOC/RGT, and 4 BOC/PR48)
and the SVR rate was 75% in each of the BOC arms. SVR rates for cir-
rhotic patients with the CT genotype were 0% (PR48, 0/5), 33%
(BOC/RGT, 2/6), and 86% (BOC/PR48, 6/7). Ten patients had the less
favorable TT genotype (2 PR; 2 BOC/RGT; 6 BOC/PR48) and the cor-
responding SVR rates were 0% (0/2), 50% (1/2), and 67% (2/6).
Resistance

Among patients in SPRINT-2 who did not achieve SVR and had
post-baseline samples sequenced, RAVs were detected in 56% of
patients (52/94) who received BOC/RGT and 53% of those (50/94)
who received BOC/PR48. Among patients in RESPOND-2 who did
not achieve SVR and had post-baseline samples sequenced, RAVs
were detected in 43% (20/46) of those who received BOC/RGT
and 48% (19/40) who received BOC/PR48. The proportion of
patients with advanced fibrosis/cirrhosis who developed RAVs,
stratified by the week 4 response (<1 log vs. P1 log10 decline), is
shown in Fig. 3. In SPRINT-2, RAVs were more frequently detected
in patients with poor response to interferon (86%; 18/21) vs. those
with good response to interferon (50%; 7/14). In RESPOND-2, RAVs
3 vol. 58 j 479–487
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were detected in 29% (4/14), and 50% (6/12) of patients with poor
vs. good response to interferon.
Safety

Clinical manifestations of liver disease were more frequently
reported in patients with cirrhosis than in patients without cir-
rhosis; however, few events relating to the clinical progression
of liver disease (ascites, esophageal varices, portal hypertension,
and hepatocellular carcinoma) were reported. In the BOC arms
(combined studies), serious AEs occurred in 16% of patients with
cirrhosis (and in 11% of those without cirrhosis) and in most cases
were associated with advancing CHC (e.g., HCC, esophageal vari-
Journal of Hepatology 201
ceal hemorrhage) or have been reported with PR backbone ther-
apy (e.g., anemia, gastritis, pancreatitis, hyperglycemia, diarrhea,
dehydration). Regardless of the degree of fibrosis/cirrhosis, the
most common AEs were fatigue, anemia, nausea, and headache
(Table 2). Notable treatment-related events, that occurred more
frequently in the BOC/PR group than the PR group (>10% differ-
ence), were anemia and dysgeusia.

The median treatment duration in cirrhotic patients was
175 days in the PR control arms and 239 days in the BOC/PR
arms. There was a clear shift to lower hemoglobin concentration
with BOC/PR vs. PR control (Fig. 4A). To a lesser extent, there were
also shifts in neutrophils and platelets when comparing BOC/PR
arms to PR control (Fig. 4B and C). Other laboratory results
(including lymphocytes, see Fig. 4D) were similar for cirrhotic
and non-cirrhotic patients. Of the 143 patients with cirrhosis in
SPRINT-1, SPRINT-2 and RESPOND-2, 42% (60/143) received
erythropoietin for the management of anemia compared with
38% of patients without cirrhosis (719/1887); 4% (6/143) of
patients with cirrhosis received a transfusion compared with 2%
(30/1887) of patients without cirrhosis.
Discussion

Several studies of PR therapy have reported that achievement of
an SVR in patients with cirrhosis was associated with reversal of
fibrosis and a reduction in the incidence of hepatic decompensa-
tion and liver-related death compared with patients who did not
achieve SVR [12,18,19]. In SPRINT-2 and RESPOND-2, pretreat-
ment liver biopsy specimens were scored by a single pathologist
using Metavir criteria, allowing a robust analysis of safety and
efficacy in well-characterized patients with compensated
advanced liver disease. Interferon responsiveness, as demon-
strated by the week 4 lead-in response, was an important predic-
tor of SVR in these patients. As was found in the overall study
population, SVR was more likely in patients with advanced
3 vol. 58 j 479–487 483



Table 2. Adverse event (AE) summary by Metavir score, SPRINT-2 and RESPOND-2 combined, boceprevir treatment groups combined.

Metavir score

F0/1/2 F3/4 F4†

Control BOC Control BOC Control BOC
N = 389 N = 868 N = 39 N = 139 N = 31 N = 112

Any AE – No. (%) 380 (98) 862 (99) 39 (100) 138 (99) 31 (100) 112 (100)
Serious AEa 32 (8) 99 (11) 3 (8) 21 (15) 3 (10) 18 (16)
Death 4 (1) 3 (<1) 0 0 0 0
Study drug discontinuation due to AE 56 (14) 116 (13) 2 (5) 17 (12) 3 (10) 16 (14)

b 83 (21) 301 (35) 16 (42) 57 (41) 13 (42) 44 (39)
Most common AEs (incidence ≥30% in any arm)

Fatigue 224 (58) 475 (55) 22 (56) 78 (56) 17 (55) 67 (60)
Headache 172 (44) 386 (44) 13 (33) 59 (42) 10 (32) 42 (38)
Nausea 158 (41) 396 (46) 18 (46) 53 (38) 15 (48) 45 (40)
Insomnia 120 (31) 282 (32) 11 (28) 42 (30) 9 (29) 36 (32)
Pyrexia 123 (32) 269 (31) 12 (31) 47 (34) 9 (29) 35 (31)
Anemia 107 (28) 411 (47) 10 (26) 73 (53) 7 (23) 60 (54)
Chills 109 (28) 293 (34) 10 (26) 51 (37) 9 (29) 45 (40)
Diarrhea 81 (21) 207 (24) 7 (18) 39 (28) 6 (19) 35 (31)
Dysgeusia 64 (16) 352 (41) 7 (18) 61 (44) 3 (10) 48 (43)

Dose modification due to AE

�Includes patients who participated in SPRINT-1.
aDeaths are also included in Serious AE count.
bIf a subject had both a dose modification and study drug discontinuation due to AE, then the subject was counted only in the study drug discontinuation due to AE
category.

Research Article
fibrosis/cirrhosis who had P1.0 log10 decline in HCV RNA at
week 4 (the end of the PR lead-in phase), and in those with
undetectable HCV RNA at week 8 (early responders).

As previously reported, the clearest benefit of adding BOC to
PR therapy was seen in patients with previous treatment failure,
where SVR rates in patients with cirrhosis who received BOC in
addition to PR were 35–77%, compared to 0% for PR alone [7].
In previously untreated patients with cirrhosis, SVR rates were
not substantially different between the three treatment groups,
partly because of the high response rate in the control group
[6]. The high SVR rate in the PR control patients of SPRINT-2 could
have been due, in part, to differences in IL-28B genotype across
the three arms; however, only 29 of the 53 (55%) patients with
cirrhosis in SPRINT-2 consented to genomic testing, so we cannot
determine whether the 13 patients who received PR control had a
higher proportion of the favorable CC genotype compared with
the BOC/RGT and BOC/PR48 arms, as 4 patients had missing data
for IL-28B. Nonetheless, our study provides important new infor-
mation regarding predictors of SVR in this patient population.
SVR rates, in patients with advanced fibrosis/cirrhosis with
P1 log10 decline in HCV RNA after the 4-week lead-in, were
77–87% after completion of 44 weeks of triple therapy, compared
with 50% for 48 weeks of PR therapy alone. Those with undetect-
able HCV RNA at week 8 (corresponding to 4 weeks of triple ther-
apy) had SVR rates of 79–80% (BOC/RGT) and 90–93% (BOC/
PR48). Thus, early viral kinetics can be used to predict the
response to treatment in patients with cirrhosis.

Unlike PR therapy, virologic failure on protease inhibitor-
based combination therapy may result in selection of viral vari-
ants with resistance to protease inhibitors. Such resistance may
emerge early during treatment, thus it is important to identify
which patients have little chance of achieving SVR. Among
patients in SPRINT-2 and RESPOND-2 with advanced fibrosis/cir-
484 Journal of Hepatology 201
rhosis, who did not achieve SVR and had post-baseline samples
sequenced, RAVs were detected in approximately 50% of the
cases. In SPRINT-2, RAVs were more frequently detected in
patients with <1 log10 HCV RNA decline at week 4. In patients
with cirrhosis, none of the patients with <1 log10 decline at week
4 who received PR alone achieved SVR, whereas those who
received triple therapy achieved SVR rates of 10–14%. Thus with
triple therapy, the 4-week lead-in helps define patients in whom
the addition of DAA is less effective; however, the week 4 HCV
RNA level alone may not be sufficient to determine which
patients should stop therapy early. In our study, among patients
with advanced fibrosis/cirrhosis, who had <1 log10 decline in HCV
RNA at week 4 and baseline viral load >2,000,000 IU/ml, only 6%
(2/33) achieved SVR (combined studies). However, the reliability
of this parameter for stopping therapy by week 4 in cirrhotic
patients should be confirmed in other studies before it can be
adopted in clinical practice.

The present analysis suggests that patients with cirrhosis tol-
erated a three-drug regimen, albeit with a higher frequency of
anemia, neutropenia, and thrombocytopenia than those treated
with PR alone. Anemia in cirrhotics was managed with somewhat
more erythropoietin use (42% vs. 38%) and transfusions (4% vs.
2%) than in patients without cirrhosis. Patients with cirrhosis
who received BOC/PR had more serious AEs and discontinuation
of study medication due to AEs than those who received PR, but
the majority of patients were able to complete treatment. Dose
modifications due to AE occurred with similar frequency in
BOC/PR-treated and PR-treated subjects with cirrhosis.

There are several limitations to our analyses. The analyses
were exploratory, using data from studies that were not designed
to compare treatment effects based on cirrhosis/fibrosis status.
Furthermore, it is well-recognized that rare and potentially seri-
ous AEs may not emerge during clinical trials, and the number of
3 vol. 58 j 479–487
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patients with cirrhosis and/or advanced fibrosis in the SPRINT-2
and RESPOND-2 studies was small, limiting the certainty of our
conclusions. Nonetheless, the data from these trials provide
important information to clinicians when treating these patients,
and complement other safety and efficacy studies in patients
with compensated cirrhosis. For example, the Compassionate
Use of Protease Inhibitors in Viral C Cirrhosis (CUPIC) was estab-
lished prior to the licensing of telaprevir (TVR) and BOC in France,
in order to provide early access to the new drugs in patients with
hepatitis C, judged to be in urgent need of treatment [20]. Early
access was provided to TVR or BOC for patients with compen-
sated cirrhosis, HCV genotype-1 infection and prior relapse or
partial response to PR. It is likely that many patients treated in
CUPIC would not have met inclusion criteria for TVR or BOC piv-
otal trials; for example, 20% of patients in CUPIC had platelet
counts below the inclusion criteria for BOC trials. In interim anal-
yses of the CUPIC patient cohort, who received at least 16 weeks
of BOC or TLV, rates of virologic response after 16 weeks of treat-
ment were high, but triple therapy was associated with increased
rates of SAEs (30–51%) compared to those reported in phase 3 tri-
als. These findings, along with our subgroup analysis, which
exclusively focused on the hardest-to-treat CHC patient popula-
tion, may represent reference standards in the evaluation of
future DAAs.

In summary, the results of these subgroup analyses suggest
that BOC improves SVR rates in patients with advanced fibrosis/
cirrhosis and that the longer treatment duration (4 weeks of PR
plus 44 weeks of BOC plus PR) provides the greatest benefit to
these patients. In this very difficult-to-treat subset of patients
receiving triple therapy with BOC, the 4-week lead-in defines
those in whom the addition of BOC results in low SVR rates. Dis-
continuing therapy in these patients would avoid the risk of
potential AEs associated with first generation PIs, as well as those
associated with continued exposure to interferon. Although the
risk of AEs should be balanced with the known increased survival
rates of cirrhotic patients who attain an SVR, the use of a 4-week
lead-in (per the current recommendations for BOC treatment) to
characterize IFN sensitivity is a powerful prognostic tool. The
degree of HCV RNA log decline after a 4-week lead-in provides
important information for determining whether the benefits of
initiating first generation PI therapy outweigh the risks for each
individual patient.
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