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ABSTRACT (246 words) 

Background & Aims: HCV-infected cirrhotics may urgently need therapy but are often 

under-represented in clinical trials resulting in limited data to guide their management. 

We performed a meta-analysis of well-compensated cirrhotic patients from five Phase 3 

trials.  

Methods: Patients received P/R (peginterferon/ribavirin; 4 weeks) followed by 

BOC(boceprevir)/P/R or P/R for 24, 32 or 44 weeks. Sustained virologic response 

(SVR) rates were calculated by Metavir score.  Multivariate logistic regression (MLR) 

models identified baseline and on-treatment predictors of SVR. Safety was evaluated by 

adverse-event (AE) reporting and laboratory monitoring. 

Results: Pooled meta-estimates for SVR rates (95% confidence interval) in 212 F4 

(cirrhotic) patients were 55% (43, 66) with BOC/P/R vs.17% (0, 41) with P/R. MLR 

identified 4 predictors of SVR in F3/F4 patients: undetectable HCV-RNA at treatment 

week (TW) 8; ≥1 log10 decline in HCV-RNA from baseline at TW4; male; and baseline 

HCV-RNA ≤800,000 IU/mL.  SVR rate was 89% (65/73) in F4 patients who were HCV-

RNA undetectable at TW8.  No F3(0/5) or F4(0/17) patients with <3 log10 decline and 

detectable HCV-RNA at TW8 achieved SVR. Anemia and diarrhea occurred more 

frequently in cirrhotic than non-cirrhotic patients.  Serious AEs, discontinuations due to 

an AE, interventions to manage anemia, infections and thrombocytopenia occurred 

more frequently in cirrhotics with BOC/P/R than P/R. Potential hepatic decompensation 

and/or sepsis were identified in 2 P/R and 3 BOC/P/R recipients. 



  

Conclusions: BOC/P/R appears to have a generally favorable benefit-risk profile in 

compensated cirrhotic patients. SVR rates were particularly high in cirrhotic patients 

with undetectable HCV-RNA at TW8.  

ClinicalTrials.gov Identifiers:  NCT00708500, NCT00705432, NCT01023035, 

NCT00845065, NCT00910624 



  

INTRODUCTION 

Cirrhotic patients with chronic hepatitis C continue to present a therapeutic challenge in 

the era of directly acting antiviral agents because of lower SVR rates and poorer 

tolerability of therapy compared with non-cirrhotics [1].  Yet there is a clear benefit in 

treating cirrhotics and in many cirrhotics, an urgency to treat before patients advance to 

decompensated cirrhosis at which point interferon-based antiviral therapies are 

contraindicated. Initial experience with BOC/P/R was obtained in the two pivotal Phase 

3 trials;  the SVR rates in 79 cirrhotics ranged from 31-77% and safety was similar 

compared to patients with mild to moderate fibrosis [2].  An additional perspective was 

provided by the CUPIC study, which evaluated triple combination regimens with either 

telaprevir or BOC in a wider range of treatment-experienced cirrhotic patients (many of 

whom would not have qualified for pivotal trials) [3] .  The SVR rate in CUPIC at 12 

weeks after end of therapy with BOC/P/R was 41% (79/190) [4].  However, the safety 

profile in CUPIC differed from the pivotal trial experience and both regimens with 

boceprevir or telaprevir were poorly tolerated, especially in those subjects with low 

platelet counts and albumin levels at baseline. 

 

The ultimate goal of this analysis was to understand the overall risk to benefit ratio of 

BOC/P/R treatment in well-compensated cirrhotic patients using expanded data from 5 

Phase 3 clinical trials.  Specifically, we sought to identify baseline and on-treatment 

variables that could help to predict response and to guide clinical decisions about 

BOC/P/R therapy for cirrhotic patients, including decisions about discontinuation for 

futility (low likelihood of achieving SVR) and decisions regarding the duration of 



  

treatment.  We examined efficacy and safety in the cirrhotic population. We also 

evaluated potential early stopping rules (at weeks 4 and 8) as well as the utility of 

response-guided paradigms to potentially shorten duration of therapy to <48 weeks in 

carefully selected patients.  



  

METHODS 

Objectives 

The primary objectives of this retrospective study were to estimate the SVR rate and 

adverse-event profile for BOC (VICTRELIS® (boceprevir), Merck & Co., Inc., 

Whitehouse Station, NJ, USA) plus P/R in compensated cirrhotic (Metavir fibrosis score 

F4) patients with chronic hepatitis C genotype 1 infection based on pooled data from 5 

Phase 3 clinical studies (P05101 [RESPOND-2 [5]], P05216 [SPRINT-2 [6]], P05514 

[PROVIDE; [7]], P05685 [Peginterferon alfa-2a Study [8]], and P06086 [Anemia 

Management Study; [9]] (Supplementary Table S1).   

Assessment of Cirrhosis 

Cirrhosis was determined by liver biopsies performed on all patients and centrally read 

by a single pathologist.  Cirrhosis was defined as Metavir score F4; advanced fibrosis 

without cirrhosis as Metavir score F3.   

 

Statistical Analysis Plan 

The pooled analysis was conducted using individual participant data from 5 clinical 

studies (P05101, P05216, P05514, P05685, and P06086) with a total number of 2,522 

patients.  No formal hypothesis-testing or multiplicity adjustments were planned.   



  

Efficacy Analyses 

The primary efficacy analysis was conducted on the pooled patients from the BOC/P/R 

arms who received ≥1 dose of any study medication and who were fibrosis score F4 

(cirrhotics), F3 or F0 - F2.  An SVR was defined as having undetectable HCV-RNA 

(“Target Not Detected” or “HCV-RNA Not Detected”) in the plasma 24 weeks after 

completion or discontinuation of therapy.  HCV-RNA was measured using a Roche 

COBAS® TaqMan® assay with a lower limit of detection of 9.3 IU/mL.  Meta-analysis 

methods were used to estimate the SVR rate for the primary analysis in the pooled 

cirrhotic patients as well as for pooled F0-F2 and F3 patients treated with BOC/P/R.  

 

The relationship between baseline factors and SVR for patients receiving BOC/P/R with 

different fibrosis scores (F0-F2, F3/F4) was explored using multivariate logistic 

regression analysis.  The multivariate logistic regression analysis was performed on 

pooled F3 and F4 patients in order increase the power to identify additional predictors of 

SVR. 

Safety Analyses 

For all safety analyses, the results from all patients who received ≥1 dose of any study 

medication were analyzed by treatment (BOC/P/R vs. P/R) and fibrosis score 

(F0/F1/F2, F3, and F4).  The numbers of patients reporting any AEs and serious AEs 

(SAEs; including deaths and hospitalizations), and AEs leading to study drug 

discontinuations were tabulated.  Laboratory assessments during treatment focused on 

anemia, neutropenia, and thrombocytopenia.   The following parameters were 



  

considered to potentially represent hepatic decompensation:  new onset of ascites, 

encephalopathy, bleeding esophageal varices, jaundice, sepsis (in the context of 

declining liver function); increase in bilirubin (total >4.0 with at least 50% direct), or 

prothrombin time >10% above laboratory reference range [10, 11].  Patients with the 

above findings, regardless of the Metavir classification, were adjudicated by John 

Vierling and Savino Bruno who were blinded to the treatment regimen and Metavir 

score.   

 



  

RESULTS  

Patient Accounting and Baseline Characteristics 

The distributions of patients according to treatment (BOC/P/R vs. P/R) and fibrosis 

scores in the pooled data are presented in Supplementary Table S1. Eighty percent 

(1925/2415) of patients came from the BOC/P/R arms of the 5 studies, and 20% 

(490/2415) of patients came from the P/R arms of 3 studies (P05101, P05216, and 

P05685; no P/R arms were included in P05514 and P06086).  Fibrosis scores were 

distributed as: F0/F1/F2, 86% (2074/2415); F3, 5% (129/2415); and F4, 9% (212/2415).   

Of the 212 F4 patients, 32 (15%) patients received P/R and 180 (85%) received 

BOC/P/R. The number of patients, prior treatment history (treatment naïve or previous 

treatment failure), and treatment assignments (P/R, BOC/P/R for 48 weeks, and 

Response Guided Therapy [RGT] for BOC/P/R if applicable) from each study, as well as 

fibrosis scores by treatment assignment, are provided in Supplementary Table S2. 

 

Baseline characteristics are shown in Table 1.  F4 patients treated with BOC/P/R were 

approximately 53 yr (compared to 50 yr for F0-F2 patients), 62% male, 83% White, 10% 

Black, with a mean body mass index of 29.8 (compared to 28 for F0-F2).  Approximately 

51% of F4 patients treated with BOC/P/R were infected with HCV subtype 1a.  In F4 

patients, mean platelet count was 166 x 109/L (compared to approximately 250 x 109/L 

for F0-F2 patients), 44% had mean platelet counts <150 x 109/L (compared to 6% of F0-

F2 patients), and 12% had serum albumin levels <35 g/dL (compared to 2% of F0-F2 

patients).   



  

SVR Rates  

A meta-analysis was performed in order to estimate the SVR rates according to pooled 

data by fibrosis score (Figure 1A; Supplementary Figures S1 and S2).  The meta-

estimates of the SVR rates were 55% (95% confidence interval [CI]:  43, 66) versus 

17% (95% CI:  0, 41) for F4 patients treated with BOC/P/R or P/R, respectively 

(preliminary results were presented at EASL [12]).  Among patients treated with 

BOC/P/R, the meta-estimates for the SVR rates were comparable in F4 (55%) and F3 

patients (54%; 95% CI: 45, 64) and were numerically lower than the SVR rates in F0-F2 

(66%; 95% CI: 63, 68) patients. 

 

Several factors that predicted achievement of an SVR in F3/F4 patients were identified 

with multivariate logistic regression models.  Undetectable HCV-RNA at treatment week 

8, a ≥1 log10 decline from baseline in HCV-RNA at treatment week 4, low baseline viral 

load (≤800,000 IU/mL), and male gender were significant factors that predicted SVR in 

F3/F4 patients (Figure 3; Supplementary Table S3).  The most significant factor for 

achieving an SVR was undetectable HCV-RNA at treatment week 8 in F3 and F4 

patients.  In F0-F2 patients, undetectable HCV-RNA at treatment week 8, a ≥1 log10 

decline from baseline in HCV-RNA at treatment week 4, non-black and HCV subtype 1b 

were significant predictors of SVR (Supplementary Table S4).  If achievement of an 

SVR was analyzed by multivariate logistic regression in only F4 patients, then only low 

undetectable HCV-RNA at treatment week 8 (odds ratio=10.90; p-value<0.0001) and a 



  

≥1 log10 decline from baseline in HCV-RNA at treatment week 4 (odds ratio=2.85; p-

value=0.0234) were significant factors.   

 

An analysis of baseline factors and on-treatment responses identified patient groups 

who had a low chance of achieving SVR.  None of the 22 F3 or F4 patients with 

detectable HCV-RNA and <3 log10 decline from baseline at treatment week 8 achieved 

SVR (0/22; 95% CI=0, 13) (Figure 1B).  In F4 patients with HCV subtype 1a and high 

viral load, the SVR rate was 55% (47/85) if patients exhibited a ≥3 log10 decline in HCV-

RNA or became undetectable at treatment week 8 compared to 0% (0/9) if patients 

exhibited a <3 log10 decline in HCV-RNA and were detectable at treatment week 8 

regardless of the viral response at treatment week 4 (Supplementary Table S5).  No 

patients (0/46) with fibrosis stage F0-F2 with less than a 3 log10 decline in HCV-RNA at 

treatment week 8, high viral load (>800,000 /mL) and genotype 1a achieved SVR 

regardless of the viral response at treatment week 4 (Supplementary Table S5). 

 

On-treatment viral response at treatment weeks 4 (after the 4-week lead-in with P/R but 

before BOC was added) and 8 (after 4 weeks of BOC) also impacted the SVR rates in 

F4 patients (Table 2).  Among the 169 F4 patients with results at TW8, the highest SVR 

rates were observed in 43% (73/169) of patients who had undetectable HCV-RNA at 

treatment week 8 (SVR=65/73; 89%; Figure 1B).  SVR rates were higher in the 47% 

(79/169) of F4 patients who had detectable HCV-RNA and a ≥3 log10 decline in viral 

load from baseline at treatment week 8 (SVR=28/79; 35%) than in the 10% (17/169) of 



  

F4 patients with detectable HCV-RNA and a <3 log10 decline in viral load from baseline 

at treatment week 8 (SVR=0/17; 0% [95% CI=0, 16]).  Similarly, higher SVR rates were 

observed in F4 patients who exhibited a ≥1 log10 decline in viral load from baseline at 

treatment week 4 (85/128; 66%) compared to F4 patients who exhibited a <1 log10 

decline in viral load from baseline at treatment week 4 (10/48; 21%).  Using on-

treatment response criteria, SVR rates were similarly high across all Metavir scores for 

patients treated with BOC/P/R who were HCV-RNA undetectable at TW8.  Irrespective 

of Metavir score, patients treated with BOC/P/R with detectable HCV-RNA at Week 8 

and <3-log decline from baseline rarely achieved SVR (5/100, 5%; Supplementary 

Table S3) in our small sample.  Similarly, F0-F4 patients treated with BOC/P/R with 

HCV-RNA ≥1000 IU/mL at Week 8 also rarely achieved SVR (13/177, 7%; 

Supplementary Table 9). 

 

Additional analyses were conducted in the limited number of patients who achieved a 

very good response at TW8 in order to assess the impact of duration of treatment.  F4 

patients who were HCV-RNA undetectable at treatment week 8 and received ≥40 

weeks of BOC/P/R achieved an SVR rate of 97% (38/39; 95% CI=87, 100) (Figure 2; 

Supplementary Table S6).  Interestingly, the limited number of F4 patients who were 

HCV-RNA undetectable at treatment week 8 and received 28 to <36 weeks or 36 to <40 

weeks of BOC/P/R also achieved high SVR rates of 89% (16/18) or 89% (8/9), 

respectively (combined SVR rate = 24/27, 89%; 95% CI=71, 98).  It should be noted 

that due to the response-guided therapy study regimens, the interval of 28 to < 40 



  

weeks of therapy contained 21 treatment-naive patients (SVR=19/21; 90%) and 6 

patients who failed previous therapy (SVR=5/6; 83%).   

 

Figure 4 shows a proposed algorithm for the treatment of F3 and F4 patients with 

BOC/P/R.  A new stopping rule at TW8 (detectable HCV-RNA and <3 log10 decline from 

baseline in HCV-RNA) could be utilized to limit therapy in those patients who have a low 

chance of achieving an SVR with continued treatment.  Stopping rules at TW12 (if HCV-

RNA ≥100 IU/mL) and TW24 (if detectable HCV-RNA) also prevent patients who have a 

low chance of achieving an SVR from continuing therapy.  The results in Figure 2 

suggest that treatment of F3/F4 treatment-naïve patients who were HCV-RNA 

undetectable at TW8 could potentially be stopped after TW28 if the patients are not 

tolerating therapy well.  In F3/F4 patients who have a ≥3 log10 decline but still detectable 

HCV-RNA at TW8, approximately one-half (62/126; 49%) still remained detectable at 

TW12. 

Safety and Tolerability in Cirrhotic Patients 

There was one death (1%) in the group of 180 F4 patients compared to 0 deaths in 107 

F3 patients and 5 deaths (<1%) in 1638 F0-F2 patients in this meta-analysis who were 

treated with BOC/P/R (Table 3). The frequency of serious adverse events was higher in 

F4 patients treated with BOC/P/R (33/180; 18%) than F0-F2 patients (13/107; 12%) or 

F3 (189/1638; 12%).  The discontinuation rates due to an AE were similar in F4 (16%), 

F3 (15%) and F0-F2 (14%) patients.  The percentage of patients with hemoglobin <10 

g/dL was higher in F4 patients treated with BOC/P/R (113/180; 63%) than F0-F2 



  

patients (870/1638; 53%) (Supplementary Table S7).  Baseline hemoglobin was the 

strongest predictor of on-study anemia among the covariates considered in F4 patients 

treated with BOC/P/R with an estimated odds ratio of 0.59 (Supplementary Table S10).  

Similarly, the percentage of patients with hemoglobin <8.5 g/dL was higher in F4 

patients treated with BOC/P/R (27/180; 15%) than F0-F2 patients (129/1638; 8%).   The 

kinetics the kinetics of the decrease in hemoglobin levels were similar in F4, F3, and F0-

F2 patients treated with BOC+PR (Supplementary Figure S4).  Interventions to manage 

anemia were used more frequently in the cirrhotics.  The rates of dose modification due 

to anemia were 32% in F4, 27% in F3 and 25% in F0-F2 patients treated with BOC/P/R.  

The rates of transfusions were higher in F4 (13/180; 7%) and F3 (8/107; 7%) treated 

with BOC/P/R than F0-F2 (38/1638; 2%).  The rates of EPO use were higher in F4 

(53%) than in F0-F2 patients treated with BOC/P/R (42%) and the rate of EPO use in F3 

patients was 46%.  On-treatment decrease in platelets (grade 4) was higher in F4 on 

BOC/P/R (25/178; 14%) than F0-F2 (149/1629; 9%) or F3 (10/107; 9%), potentially 

reflecting lower baseline platelet levels. 

 

The frequency of common adverse events (frequency of ≥25% in F4 patients treated 

with BOC/P/R) by Metavir fibrosis stage is shown in Table 2.  The frequency of anemia 

was higher in F4 patients treated with BOC/P/R (100/180; 56%) than F3 (49/107; 46%) 

and F0-F2 (786/1638; 48%) patients treated with BOC/P/R.  The frequency of diarrhea 

was higher in F4 patients treated with BOC/P/R (64/180; 36%) than F3 (27/107; 25%) 

and F0-F2 (425/1638; 26%) patients treated with BOC/P/R. 



  

 

Five patients with potential hepatic decompensation or sepsis were adjudicated by J. 

Vierling and S. Bruno who were blinded to the treatment regimens and Metavir scores 

(Table 3).  Three patients were F4 and two were F2 at baseline.  The three F4 patients 

had events of decompensated cirrhosis with ascites and encephalopathy (confusion) at 

TW6 (BOC/P/R), bleeding esophageal varices and portal hypertension at TW2 (P/R), or 

multi-organ failure with total bilirubin peak of 17.4 mg/dL at TW12 (BOC/P/R).  The two 

F2 patients had events of possible urosepsis at TW3 (P/R), or ascites at 12 days after 

discontinuing BOC/P/R (TW12).  All of the events of decompensated cirrhosis resolved 

except for the patient with multi-organ failure who died.  In addition, there were two F4 

patients with hepatocellular carcinoma (one patient on P/R and one patient on 

BOC/P/R; See p. 26 in the Supplemental Material for more information about these 2 

patients).  When a safety composite endpoint of death, hepatic decompensation, and 

severe infection (grade 3 or 4 or requiring hospitalization) was analyzed in the cirrhotic 

cohort using logistic regression (13 subjects with event, 167 subjects without event), no 

association was found between the composite endpoint and baseline albumin and 

baseline platelets levels.  However, this result should be viewed with caution due to of 

the small number of events (13) in this cirrhotic cohort. 

  



  

DISCUSSION 

In the 2 registration trials, the SVR rates in 79 cirrhotic (F4) HCV G1 patients on 

BOC/P/R ranged from 31% to 77% compared to 64-67% in non-cirrhotics [2].  Achieving 

an SVR reduces the risk of hepatocellular carcinoma, liver decomposition and all-cause 

mortality in patients with cirrhosis [13, 14].  In these combined registration trials, serious 

AEs occurred in 16% of patients in the BOC-containing arms with cirrhosis compared to 

11% of those without cirrhosis.  Based on the results from the 2 registration trials, 48 

weeks of therapy (4 week lead-in with P/R and 44 weeks of BOC/P/R) was 

recommended for all patients with cirrhosis (F4) irrespective of baseline variables or 

early on-treatment responses. To better elucidate the risks and benefits of therapy with 

BOC/P/R in F4 patients with compensated cirrhosis, we analyzed results from all arms 

of the 5 clinical trials of BOC/P/R in HCV G1 patients. 

 

Previously, it was known that SVR was more likely in patients with advanced 

fibrosis/cirrhosis who had ≥1.0 log10 decline in HCV-RNA at week 4 (the end of the lead-

in with P/R), and in those with undetectable HCV-RNA at week 8 [2].  Here we show 

that over one-half of all F4 patients treated with BOC/P/R can achieve an SVR (SVR 

rate by meta-analysis = 55%).  In addition, the SVR rates were particularly high (89%) in 

F4 patients who were HCV-RNA undetectable at treatment week 8; these patients 

accounted for 43% of the total treated cirrhotic population.  Furthermore, F3 and F4 

patients with undetectable viral load at treatment week 8 achieved similar SVR rates 

with durations of treatment between 28 and 40 weeks (33/38; 87%; 95% CI=72, 96) 



  

compared to ≥40 weeks (23/25; 92%; 95% CI=74, 99).  The results with shorter 

durations of treatment in F4 patients mainly derived from treatment-naïve patients 

where the response-guided therapy regimen allowed a duration of 28 weeks of therapy 

in responsive patients.  Thus, shorter durations of treatment (28-40 weeks) might be 

considered for treatment-naïve F4 patients with undetectable HCV RNA from weeks 8 

through 24 if the patients are poorly tolerating therapy.   

 

Predictors of SVR in F3 and F4 patients included male gender, low baseline viral load, 

and on-treatment viral responses at weeks 4 and 8.  These factors can help clinicians 

identify patient profiles and early virologic responses associated with higher SVR rates. 

On the other hand, the frequency of SAEs, transfusions, anemia and thrombocytopenia 

(grade 4) were higher in F4 patients treated with BOC/P/R compared to F0-F2 patients.  

Therefore, our results demonstrate both the potential benefits and risks of treating F4 

patients. 

 

A potential algorithm for the treatment of F4 and F3 patients can be derived from the on-

treatment viral responses at weeks 8, 12, and 24 (Figure 4).  Because no F3 or F4 

patients (0/22; 95% CI=0, 13) with a detectable HCV-RNA and <3 log10 decline in viral 

load from baseline at Week 8 achieved SVR, stopping therapy in these patients is 

recommended.  A similar stopping rule if HCV-RNA is ≥1000 IU/mL at Week 8 is also 

recommended because the SVR rate was 0% (0/31) in these F3 or F4 patients.  The 

U.S. FDA has approved a revision to the Prescribing Information for VICTRELIS® 



  

(boceprevir) to add a futility rule for stopping therapy with BOC/P/R in all patients if 

HCV-RNA levels are greater than or equal to 1000 IU per mL at TW8. The same futility 

rule has been accepted by the CHMP for inclusion in the European Summary of 

Products Characteristics, and is pending approval by the European Commission. Based 

on the upper bound of the 95% confidence interval, it is possible that up to 13% of F3 or 

F4 patients with a <3 log10 decline in viral load from baseline might yet achieve an SVR.  

Because treatment-naïve F3 and F4 patients with undetectable viral load at treatment 

week 8 achieved similar SVR rates with durations of treatment between 28 and 40 

weeks compared to ≥40 weeks, therapy of treatment-naive cirrhotic patients might be 

stopped after week 28 if the regimen is poorly tolerated.  Stopping rules will also be 

important with interferon-based triple therapy with simeprevir, faldaprevir and sofosbuvir 

for HCV genotype 1 infection, in particular in patients with cirrhosis. [15] 

 

There were several differences between the patient population from the 5 clinical trials 

with BOC/P/R and those in the French Early Access Programme (ANRS CO20-

CUPIC)[3].  Most importantly, 40% of the 190 patients treated with BOC/P/R in CUPIC 

would have been excluded from the pivotal clinical trials with BOC due to the exclusion 

criteria in the study protocols.  Approximately 44% of the F4 patients treated with 

BOC/P/R in the 5 clinical trials had failed previous treatment compared to 97% of the 

patients in CUPIC (Supplementary Table S8).  The F4 patients treated with BOC/P/R in 

the 5 clinical trials were younger (53 years vs. 57 years), less often male (62% of the F4 

patients treated with BOC/P/R in the 5 clinical trials compared to 68% in CUPIC), and 

had a higher frequency of infection with HCV genotype 1a (51% vs. 35%) and higher 



  

BMI (29.8 vs. 26.0) than the patients in CUPIC.  In addition, the mean baseline platelet 

counts were approximately 166,000/mm3 range=49,000-393,000/mm3) in the F4 

patients treated with BOC/P/R in the 5 clinical trials compared to approximately 

144,000/mm3 (range=34,000-346,000/mm3) in the F4 patients treated with BOC/P/R in 

CUPIC.  The mean serum albumin levels were 38.8 g/dL in the F4 patients treated with 

BOC/P/R in the 5 clinical trials compared to approximately 40 g/dL in the patients in 

CUPIC.  Therefore, this meta-analysis and CUPIC are complementary and extend our 

knowledge about cirrhotics. 

 

One limitation of the meta-analysis is that the 5 clinical trials with BOC/P/R enrolled 

stable, well-compensated cirrhotics (due to the requirement for platelets to be 

>100,000/mm3) who may differ from cirrhotic patients in clinical practice who need to be 

treated.  Another limitation of our meta-analysis is that it was a retrospective analysis so 

the subgroups are not truly randomized comparisons; unidentified variables might 

explain some of the apparent differences in safety and efficacy between cirrhotics and 

non-cirrhotics. 

 

In conclusion, there is a generally favorable benefit:risk ratio for BOC/P/R in well-

compensated cirrhotics.  Baseline and on-treatment parameters can be used to 

estimate the likelihood of achieving SVR.  The on-treatment response at TW8 is 

especially informative in identifying patients with a high likelihood of response and, on 

the other hand, could be the earliest point in time when patients could be discontinued 

because of a very low likelihood of responding.  The tolerability of BOC/P/R in cirrhotics 



  

is manageable but cirrhotics need closer attention to management of anemia.  Data 

from CUPIC are important as they extend the experience of BOC/P/R in cirrhotics and 

in particular, identify those who are likely to poorly tolerate therapy and might best be 

treated with interferon-free regimens [16]. 
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FIGURE LEGENDS 

Figure 1:  SVR Rates by Metavir Fibrosis Score and Virologic Response at Treatment Week 8 after 

treatment with BOC/P/R or P/R  

Panel A:  SVR rates by Metavir fibrosis score.  The combined SVR rates (n, %, 95% confidence interval 

[CI]) for patients treated with BOC/P/R (open bars) and treated with P/R (gray bars) were estimated using 

a meta-analysis method.   SVR rates were homogeneous for F0-F2 and F3 patients treated with 

BOC/P/R, and for F3 patients treated with P/R so fixed-effect meta-estimates were used.  SVR rates were 

heterogeneous for F4 patients treated with BOC/P/R or P/R, and for F0-F2 patients treated with P/R so 

the random-effect meta-estimates were used.  In the BOC/P/R and P/R groups, fibrosis scores were 

missing for 87 patients and 20 patients, respectively. 

* Fixed-effect SVR estimate 

†
 Random-effect SVR estimate 

B.  SVR rates according to virologic response at treatment week 8 and Metavir fibrosis scores.  SVR rates 

(undetectable HCV-RNA [“Target Not Detected” or “HCV-RNA Not Detected”] in the plasma 24 weeks 

after completion or discontinuation of therapy) and 95% CIs are shown for patients treated with BOC/P/R 

according to the on-treatment response at treatment week 8 (after 4 weeks of lead-in with P/R and 4 

weeks of treatment with BOC/P/R) and the Metavir fibrosis stage at baseline.  The categories of virologic 

response at treatment week 8 were undetectable HCV-RNA (open bars), detectable HCV-RNA and ≥3 

log10 decline in HCV-RNA from baseline (gray bars), and detectable HCV-RNA and <3 log10 decline in 

HCV-RNA from baseline (closed bars).  Results for HCV-RNA at treatment week 8 were missing for 127 

F0-F2, 8 F3 and 61 F4 patients. 

Figure 2:  SVR according to treatment duration in patients receiving BOC/P/R with undetectable 

HCV-RNA at treatment week 8  

SVR rates (undetectable HCV-RNA [“Target Not Detected” or “HCV-RNA Not Detected”] in the plasma 24 

weeks after completion or discontinuation of therapy) and 95% CIs are shown for patients treated with 

BOC/P/R and undetectable HCV-RNA at treatment week 8 (after 4 weeks of lead-in with P/R and 4 weeks 

of treatment with BOC/P/R) according to the duration of treatment received and the Metavir fibrosis score 



  

at baseline (F0-F2 = gray bars; F3 = closed bars; F4 = open bars).  Treatment-naive patients and those 

with previous treatment failure were combined. 

 

Figure 3:  Predictors of SVR by Multivariate Logistic Regression Analysis in F3/F4 Patients 

Receiving BOC/P/R 

The relationship between baseline factors and SVR for patients receiving BOC/P/R with baseline fibrosis 

scores of F3 or F4 was explored using multivariate logistic regression analysis, with SVR as the 

dependent variable and using demographic and baseline disease characteristics (e.g., race, baseline viral 

load, gender, genotype, previous treatment history) and on-treatment responses at TW4 and TW8 as 

independent variables in order to identify predictors of SVR for patients with different fibrosis scores. 

Once the on-treatment response at TW8 was in the model, IL28B genotype [17] was no longer predictive 

of SVR.  The figure shows the multivariate logistic regression analysis for F3 and F4 patients (odds ratio; 

95% CI; p-value) which were pooled in order increase the power to identify predictors of SVR.  Factors 

with p-values <0.05 = filled ovals; factors with p-values >0.05 = open ovals.   

 

Figure 4:  Proposed Treatment Algorithm for Cirrhotic (F4) and F3 Patients Treated with BOC/P/R 

A potential algorithm for the treatment of F4 and F3 patients was derived from the on-treatment viral 

responses at weeks 8, 12, and 24.  Because no F3 or F4 patients (0/22; 95% CI=0, 13) with a detectable 

HCV-RNA and <3 log10 decline in viral load from baseline at Week 8 achieved SVR, stopping therapy in 

these patients should be considered.  Because treatment-naïve F3 and F4 patients with undetectable 

viral load at treatment week 8 and thereafter achieved similar SVR rates with durations of treatment 

between 28 and 40 weeks compared to ≥40 weeks, therapy of treatment-naive cirrhotic patients might be 

stopped after week 28 if the regimen is poorly tolerated. HCV-RNA levels should be monitored at 

Treatment Weeks 4, 8, 12, and 24, at the end of treatment, and during treatment follow-up. Use of a 

sensitive real-time reverse-transcription polymerase chain reaction (RT-PCR) assay for monitoring HCV-

RNA levels during treatment is recommended. The assay should have a lower limit of HCV-RNA 

quantification of equal to or less than 25 IU/mL, and a limit of HCV-RNA detection of approximately 10-15 



  

IU/mL.  Discontinuation of therapy is recommended in all patients with (1) Detectable HCV-RNA and <3 

log10 decline from baseline in HCV-RNA at TW8, (2) HCV-RNA levels of greater than or equal to 1000 IU 

per mL at TW8; (3) HCV-RNA levels of ≥100 IU/mL at TW12, or (4) confirmed detectable HCV-RNA 

levels at TW24. 

* Recommend stopping therapy based on low chance of SVR in F3 and F4 patients with detectable HCV-

RNA and <3 log10 decline in HCV-RNA from baseline (SVR=0/22; 0%; 95% CI [0, 13]). 

† 
Recommend stopping treatment of treatment-naïve patients after TW28 if undetectable HCV RNA from 

TW8 through TW24. 

  



  

Table 1:  Demographic and baseline disease characteristics for Metavir F0-F2, F3 and F4 patients 

 Peginterferon/Ribavirin Boceprevir/ Peginterferon/Ribavirin 

 

F0, F1 and 

F2 

(n = 436) 

F3 

(n = 22) 

F4 

(n = 32) 

F0, F1 and F2 

(n = 1638) 

F3 

(n = 107) 

F4 

(n = 180) 

Age, mean 

(SD), y 
49.5 (9.6) 51.6 (10.2) 54.7 (6.8) 49.7 (9.4) 52.7 (7.3) 53.2 (6.7) 

Male, n (%) 252 (58) 20 (91) 23 (72) 860 (53) 73 (68) 112 (62) 

Race, n (%)       

White 351 (81) 19 (86) 32 (100) 1328 (81) 85 (79) 150 (83) 

Black 69 (16) 2 (9) 0 258 (16) 16 (15) 18 (10) 

Other* 16 (4) 1 (5) 0 52 (3) 6 (6) 12 (7) 

Body Mass 

Index, mean 

(standard 

deviation) 

27.4 (4.5) 26.4 (3.6) 30.3 (4.8) 27.8 (5.2) 28.9 (5.4) 29.8 (5.2) 

Baseline 

hemoglobin 

(g/dL), mean 

(SD) 

14.7 (1.3) 15.7 (1.3) 15.2 (1.1) 14.6 (1.3) 15.1 (1.4) 14.6 (1.2) 

  



  

 Peginterferon/Ribavirin Boceprevir/ Peginterferon/Ribavirin 

 
F0, F1 and F2 

(n = 436) 

F3 

(n = 22) 

F4 

(n = 32) 

F0, F1 and F2 

(n = 1638) 

F3 

(n = 107) 

F4 

(n = 180) 

Baseline 

Platelet 

Counts (x 

10
9
/L), mean 

(SD) 

252.9 (69.3) 
188.5 

(64.5) 

183.1 

(73.4) 
249.8 (70.9)

§
 

198.4 

(64.7) 

165.8 

(57.4) 

Baseline 

Platelet Count 

(x 10
9
/L), n (%) 

      

<100 2 (<1) 0 3 (9) 6 (<1) 6 (6) 17 (9) 

100-150 26 (6) 8 (36) 7 (22) 95 (6) 22 (21) 62 (34) 

>150-200 70 (16) 6 (27) 12 (38) 309 (19) 31 (29) 59 (33) 

>200 338 (78) 8 (36) 10 (31) 1227 (75) 48 (45) 42 (23) 

Missing 0 0 0 1 (<1) 0 0 

ALT, mean 

(SD), U/L 
69.7 (60) 

128.9 

(86.6) 

104.9 

(62.8) 
71.7 (57.1) 

116.6 

(85.5) 

109.6 

(70.5) 

Elevated ALT, 

n (%) 
305 (70) 20 (91) 29 (91) 1168 (71) 96 (90) 162 (90) 

Serum albumin 

<35 g/dL, n 

(%) 

6 (<1) 1 (5) 3 (9) 38 (2) 5 (5) 21 (12) 

Serum 

albumin, mean 

(range), g/L 

40.7 (32-49) 
40.1 (34-

46) 

39.1 (34-

44) 
40.9 (30-51) 

39.9 (30-

49) 

38.8 (31-

49) 



  

Prothrombin 

time, mean 

seconds 

(range) 

10.4 (9.4-

22.5) 

11.0 (9.9-

14.1) 

10.8 (9.8-

12.7) 

10.6 (9.4- 

36.9
¶ 
) 

11.0 (9.7-

16.3) 

10.9 (9.7-

15.9) 

Total bilirubin, 

mean (range), 

mg/dL 

0.58 (0.18-

2.11) 

0.70 (0.29-

1.52) 

0.71 (0.29-

1.81) 

0.57 (0.18-

4.62
#
) 

0.67 (0.18-

1.52) 

0.72 (0.18-

2.98) 

Log10 of 

Geometric 

Mean of 

Baseline Viral 

Load
†
 

6.54 6.54 6.22 6.49 6.47 6.39 

Viral load 

>800,000 

IU/mL, n (%) 

372 (85) 19 (86) 20 (63) 1371 (84) 91 (85) 144 (80) 

HCV Subtype
‡
, 

n (%) 
      

1a 208 (48) 10 (45) 17 (53) 811 (50) 60 (56) 92 (51) 

1b 160 (37) 11 (50) 12 (38) 622 (38) 37 (35) 65 (36) 

1 (other) 68 (16) 1 (5) 3 (9) 204 (12) 10 (9) 23 (13) 

missing 0 0 0 1 (<1) 0 0 

Baseline 

Steatosis, n 

(%) 

      

0% 162 (37) 4 (18) 2 (6) 591 (36) 12 (11) 24 (13) 



  

>0% 274 (63) 18 (82) 30 (94) 1046 (64) 95 (89) 156 (87) 

Missing 0 0 0 1 (<1) 0 0 

IL28B 
Genotype

ǁ
, n 

(%) 

n=436 n=22 n=32 n=1533 n=100 n=163 

CC 
75 (17) 6 (27) 2 (6) 353 (23) 27 (27) 31 (19) 

CT 
147 (34) 6 (27) 18 (56) 613 (40) 32 (32) 65 (40) 

TT 
47 (11) 2 (9) 4 (13) 202 (13) 13 (13) 25 (15) 

Unknown 
167 (38) 8 (36) 8 (25) 365 (24) 28 (28) 42 (26) 

Distribution of 
patients, n (%) 

      

United States 268 (61) 12 (55) 22 (69) 1168 (71) 79 (74) 132 (73) 

Europe 126 (29) 10 (45) 6 (19) 318 (19) 16 (15) 31 (17) 

Canada 32 (7) 0 4 (13) 131 (8) 10 (9) 15 (8) 

South America 

& Latin 

America 

10 (2) 0 0 21 (1) 2 (2) 2 (1) 

*
 
American Indian, Alaskan Native, Asian, Multiracial, Native Hawaiian, or other Pacific Islander 

† 
Baseline viral load is geometric mean of all virology collections during screening and before the 

randomization date. 

‡ 
HCV subtype as determined by Covance. 

§
 Baseline platelets for 1637 patients  

ǁ
 IL28B genotypes at polymorphic site rs12979860; IL28B genotypes missing from patients in study 

P05514 (PROVIDE) treated with BOC/P/R. 

¶
 Prothrombin time of 36.9 was in one patient and was an isolated single abnormality probably reflecting 

lab error. 



  

#
 Total bilirubin of 4.62 was in one patient and was an isolated single abnormality probably reflecting lab 

error. 

ALT=alanine aminotransferase 

Demographics are shown for patients treated with P/R or BOC/P/R by Metavir fibrosis score at baseline.  

  



  

Table 2.  Adverse events by Metavir fibrosis stage 
 n (%) 

Adverse Events (AE) 
Peginterferon/Ribavirin 

Boceprevir/ 
Peginterferon/Ribavirin 

F0-2 F3 F4 F0-2 F3 F4 
N =436 N =22 N =32 N =1638 N =107 N =180 

Treatment-emergent AE                                            427 
(98) 

22 
(100) 

32 
(100) 

1621 (99) 106 (99) 179 (99) 

Treatment-related treatment-

emergent AE                                
424 
(97) 

22 
(100) 

32 
(100) 

1618 (99) 106 (99) 178 (99) 

Serious AE                                                
36 (8) 3 (14) 2 (6) 189 (12) 13 (12) 33 (18) 

Death 
4 (1) 0 0 5 (<1) 0 1 (1) 

Life-threatening treatment-emergent 

AE 4 (1) 0 0 25 (2) 3 (3) 7 (4) 

Dose modification due to an AE 
95 (22) 5 (23) 13 (41) 642 (39) 43 (40) 78 (43) 

     Dose modification due to anemia 
55 (13) 1 (5) 5 (16) 414 (25) 29 (27) 58 (32) 

Study drug discontinuation due to AE                                         
59 (14) 1 (5) 1 (3) 226 (14) 16 (15) 28 (16) 

     Study drug discontinuation due to 

anemia 4 (1) 0 0 25 (2) 4 (4) 2 (1) 

Specific clinical AE       

Transfusions 2 (<1) 0 0 38 (2) 8 (7) 13 (7) 

Treatment-emergent infections 
154 
(35) 

3 (14) 9 (28) 548 (33) 37 (35) 74 (41) 



  

Table 2 (continued).  Adverse events by Metavir fibrosis stage 

Adverse Events (AE) 

n (%) 

Peginterferon/Ribavirin 
Boceprevir/ 

Peginterferon/Ribavirin 

F0-2 F3 F4 F0-2 F3 F4 

Specific laboratory AE       

Hemoglobin N=432 N=22 N=32 N=1629 N=107 N=178 

     <10g/dL 127 (29) 7 (32) 7 (22) 870 (53) 60 (56) 113 (63) 

     8.5-<10 g/dL 110 (25) 7 (32) 5 (16) 741 (45) 43 (40) 85 (48) 

     <8.5 g/dL 17 (4) 0 2 (6) 129 (8) 17 (16) 27 (15) 

     EPO use, n (%) 104 (24) 6 (27) 7 (22) 690 (42) 49 (46) 95 (53) 

Platelets (x 10
9
/L) N=430 N=21 N=32 N=1638 N=107 N=178 

     >100 (grade 0) 374 (87) 13 (62) 16 (50) 1206 (74) 45 (42) 46 (26) 

     70-100 (grade 1) 48 (11) 6 (29) 10 (31) 285 (17) 40 (37) 50 (28) 

     50-<70 (grade 2) 3 (1) 2 (10) 2 (6) 99 (6) 14 (13) 45 (25) 

     25-<50 (grade 3) 5 (1) 0 4 (13) 37 (2) 6 (6) 35 (20) 

     <25 (grade 4) 0 0 0 2 (<1) 2 (2) 2 (1) 

     Thrombopoietin use, n 0 0 0 0 0 0 

     Change from baseline in minimum 
platelets, mean (SD) 

-94.8 
(54.3) 

-68.3 
(42.4) 

-73.1 
(39.6) 

-114.3 
(56.8) 

-92.7 
(46.7) 

-84.3 
(43.0) 

Neutrophils (x10
9
/L) N=432 N=22 N=32 N=1629 N=107 N=178 

     >1.5 (grade 0) 96 (22) 7 (32) 8 (25) 235 (14) 7 (7) 19 (11) 

     1.0-1.5 (grade 1) 156 (36) 9 (41) 8 (25) 437 (27) 36 (34) 47 (26) 

     0.75-<1.0 (grade 2) 103 (24) 3 (14) 7 (22) 419 (26) 29 (27) 46 (26) 

     0.5-<0.75 (grade 3) 59 (14) 3 (14) 6 (19) 389 (24) 25 (23) 41 (23) 

     <0.5 (grade 4) 18 (4) 0 3 (9) 149 (9) 10 (9) 25 (14) 

     G-CSF use, n (%) 28 (6) 1 (5) 4 (13) 176 (11) 11 (10) 19 (11) 

Lymphocytes (x10
9
/L) N=432 N=22 N=32 N=1629 N=107 N=178 

     >0.5 (grade 0) 367 (85) 19 (86) 23 (72) 1236 (76) 85 (79) 125 (70) 

     >0.2-0.5 (grade 1) 63 (15) 3 (14) 8 (25) 376 (23) 21 (20) 50 (28) 

     >0.1-0.2 (grade 2) 2 (<1) 0 1 (3) 13 (1) 1 (1) 3 (2) 

     ≤0.1 (grade 3) 0 0 0 4 (<1) 0 0 
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Table 2 (continued).  Adverse events by Metavir fibrosis stage 1 
 2 

 3 
* Adverse events of ≥25% in F4 patients treated with BOC/P/R; Listed in decreasing frequency in F4 4 

patients treated with BOC/P/R 5 

 6 

Adverse events, specific clinical adverse events, specific laboratory adverse events, and common 7 

adverse events are shown for patients treated with P/R or BOC/P/R by Metavir fibrosis stage.  Results for 8 

hemoglobin, platelets, neutrophils or lymphocytes were missing for some patients. 9 

 10 

 11 

  12 

Common adverse 
event (≥25%*) 

n (%) 

Peginterferon/Ribavirin 
Boceprevir/ 

Peginterferon/Ribavirin 
F0-F2 F3 F4 F0-F2 F3 F4 

N =436 N =22 N =32 N =1638 N =107 N =180 

Any adverse event 427 (98) 22 (100) 32 (100) 1621 (99) 106 (99) 179 (99) 

     Anemia 124 (28) 6 (27) 7 (22) 786 (48) 49 (46) 100 (56) 

     Fatigue 253 (58) 10 (45) 17 (53) 965 (59) 60 (56) 102 (57) 

     Dysgeusia 72 (17) 5 (23) 4 (13) 627 (38) 39 (36) 75 (42) 

     Nausea 171 (39) 10 (45) 12 (38) 783 (48) 47 (44) 70 (39) 

     Headache 188 (43) 9 (41) 8 (25) 725 (44) 46 (43) 65 (36) 

     Diarrhea 85 (19) 2 (9) 6 (19) 425 (26) 27 (25) 64 (36) 

     Chills 114 (26) 3 (14) 9 (28) 482 (29) 35 (33) 54 (30) 

     Neutropenia 85 (19) 3 (14) 7 (22) 404 (25) 22 (21) 47 (26) 

     Pyrexia 129 (30) 6 (27) 7 (22) 437 (27) 34 (32) 46 (26) 
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 1 

  2 

TW8: undetectable vs.

detectable HCV-RNA

TW4: ≥1 log
10

 decline vs.

<1 log
10

 decline

Male vs. female

Baseline viral load

≤800,000 IU/mL

vs. >800,000 IU/mL

G1b vs. G1a

Non-black vs. black

1 32 4

Odds Ratio (95% CI)

5 6 7 8 9 10

10.57 (5.23 - 21.36); P<0.0001

2.64 (1.33 - 5.21); P=0.0053

2.23 (1.18 - 4.24) P=0.0141

2.55 (1.05 - 6.20) P=0.0383

1.76 (0.90 - 3.44); P=0.0971

1.08 (0.43 - 2.72); P=0.8636
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 1 

All Patients:

Lead-in

with P/R for 

4 weeks

Add BOC 

at TW4

Recommend 

Stopping*

≥3 log10 decline 

in HCV-RNA at 

TW8

Continue to 

Wk 12

STOP

HCV-RNA ≥100 

IU/mL at TW12 

or detectable 

HCV-RNA 

at TW24 

Undetectable 

HCV- RNA at 

TW12 and TW24

Continue to 

Wk 48†

<3 log
10

 decline

and detectable

HCV-RNA

at TW8


