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Abstract
AIM: To assess, in a routine practice setting, the sus-
tained virologic response (SVR) to telaprevir (TPV) 
or boceprevir (BOC) in hepatitis C virus (HCV) null-
responders or relapsers with severe liver fibrosis.

METHODS: One hundred twenty-five patients were 
treated prospectively for 48 wk with TPV or BOC + 
pegylated-interferon (peg-INF) α2a + ribavirin (PR) 
according to standard treatment schedules without 
randomization. These patients were treated in routine 
practice settings in 10 public or private health care cen-
ters, and the data were prospectively collected. Only 
patients with severe liver fibrosis (Metavir scores of F3 
or F4 upon liver biopsy or liver stiffness assessed by 
elastography), genotype 1 HCV and who were null-re-
sponders or relapsers to prior PR combination therapy 
were included in this study. 

RESULTS: The Metavir fibrosis scores were F3 in 35 
(28%) and F4 in 90 (72%) of the patients. In total, 
62.9% of the patients were null-responders and 37.1% 
relapsers to the previous PR therapy. The overall SVR 
rate at 24 wk post-treatment withdrawal was 59.8%. 
The SVR was 65.9% in the TPV group and 44.1% in the 
BOC group. Independent predictive factors of an SVR 
included a response to previous treatment, relapsers vs  
null-responders [OR = 3.9; (1.4, 10.6), P  = 0.0084], a 
rapid virological response (RVR) [OR 6.9 (2.6, 18.2), P 
= 0.001] and liver stiffness lower than 21.3 kPa [OR = 
8.2 (2.3, 29.5), P  = 0.001]. During treatment, 63 pa-
tients (50.8%) had at least one severe adverse event 
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(SAE) of grade 3 or 4. A multivariate analysis identified 
two factors associated with SAEs: female gender [OR 
= 2.4 (1.1, 5.6), P  = 0.037] and a platelet count below 
150 × 103/ mm3 [OR = 5.3 (2.3, 12.4), P ≤ 0.001]. 

CONCLUSION: More than half of these difficult-to-
treat patients achieved an SVR and had SAEs in an 
actual practice setting. The SVR rate was influenced by 
the response to previous PR treatment, the RVR and 
liver stiffness. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Hepatitis C; Antiviral 
therapy; Protease inhibitors; Fibroscan; Liver stiffness; 
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Core tip: To the best of our knowledge, this study 
marks the first time that a significant link has been 
shown between a sustained virological response to 
triple therapy and the liver stiffness measured by elas-
tography at baseline. We also demonstrate that triple 
therapy is poorly tolerated. Two factors predict the 
development of serious adverse events: female gender 
and an initial platelet count of less than 150000/mm3; 
these factors facilitate the identification of at-risk pa-
tients.
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INTRODUCTION
Approximately 80% of  patients infected with the 
hepatitis C virus (HCV) develop chronic infections that 
could lead to cirrhosis and hepatocellular carcinoma[1]. 
Combination therapy with pegylated-interferon (peg-
INF) α2a + ribavirin (PR) was the first demonstrably 
effective treatment[2,3]. The current combination of  PR 
with protease inhibitors (PIs) such as telaprevir (TPV) 
or boceprevir (BOC) is clearly more beneficial for HCV 
genotype 1 patients[4-7]. The majority of  HCV genotype 
1 patients demonstrate a sustained virological response 
(SVR) to TPV (69% to 75%) and BOC triple therapy 
(68% to 75%)[4-7]. However, only 65% of  genotype 1 
HCV patients who were previously unresponsive to PR 
therapy produced an SVR to TPV triple therapy; only 
66% of  these unresponsive patients produce an SVR to 
BOC triple therapy[8-10]. Some predictive factors, such as 
high baseline viral load, HCV genotype 1a, IL-28B T/T 
polymorphism and severe liver fibrosis, have been as-
sociated with a poor response to antiviral treatment with 
PI[6,10]. Moreover, the data on the benefit of  retreating 

HCV genotype 1 cirrhotic patients who did not respond 
to a standard PR regimen with triple therapy are incon-
clusive[8-10]. A study on small subgroups of  null-responder 
patients with severe liver fibrosis given TPV triple thera-
py determined that 39% of  Metavir F3 patients and only 
14% of  patients with Metavir F4 produced an SVR[8]. 
Therefore, guidelines and new treatment strategies are re-
quired that consider the cost and adverse effects of  TPV 
and BOC combined with PR for these difficult-to-treat 
patients. In these pivotal studies performed exclusively 
in academic centers, many patients experienced adverse 
effects despite restricting inclusion criteria and strict 
observance of  treatment rules[5-10]. In addition, because 
very few non-responder patients with severe liver fibrosis 
were included in these studies, the occurrence of  severe 
adverse effects (SAEs) in this specific population remains 
unclear. Therefore, we need to evaluate (in actual practice 
settings) the efficacy and safety profile of  PI triple ther-
apy in pretreated HCV genotype 1 patients with severe 
liver fibrosis. 

This study assesses the SVR and safety profiles of  
triple therapy with TPV or BOC combined with PR in 
HCV genotype 1 patients with severe liver fibrosis (Meta-
vir F3 or F4) who had previously failed to adequately 
respond to the standard PR treatment. This observational 
non-randomized prospective cohort study was performed 
in actual practice settings.

MATERIALS AND METHODS
Study design and patients
This study used a non-randomized multicenter prospec-
tive observational cohort from a Midi-Pyrénées network 
(HEPATOMIP) of  hepatogastroenterology practitioners 
working in the Toulouse University hospital and in 9 gen-
eral hospitals or private clinics. The cohort included 125 
consecutive HCV genotype 1 null-responder or relapser 
patients with severe liver fibrosis who were seen between 
February 2011 and January 2012. Only those patients 
with severe liver fibrosis having a Metavir fibrosis score 
of  F3 or F4 were included.

All of  the patients were infected with HCV genotype 
1 and did not achieve an SVR with previous standard 
treatments with peg-IFN α2a or 2b + ribavirin, described 
as follows[11]: (1) relapsers were defined as patients who 
achieved undetectable HCV RNA levels at the end of  48 
wk of  PR treatment and then subsequently relapsed; and 
(2) null-responders failed to achieve a decrease of  at least 
2 log HCV RNA IU/mL during PR treatment given for 
at least 24 wk. 

Partial responders to previous therapy were not in-
cluded in the study. After an interval of  at least 6 mo, 
patients were given either 12 wk of  TPV (750 mg every 8 
h, Janssen-Cilag, Issy les Moulineaux, France) combined 
with PR (Roche, Meylan, France) followed by 36 wk of  
PR or 4 wk (lead-in phase) of  PR followed by 44 wk 
of  PR and BOC (800 mg every 8 h (MSD, Courbevoie, 
France) according to French label guidelines[12] (French 
National Agency of  drugs and health products security, 
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ANSM cohort temporary use authorization n° 324 and 
n° 330). In this observational cohort, TPV or BOC triple 
therapy was selected by each physician; however, all of  
the patients received the same schedule of  PR, as follows: 
peg-IFN α2a (180 g/wk) + ribavirin (1000 to 1200 mg/d, 
depending on body weight). The Toulouse University re-
view board approved this cohort, and all of  the patients 
provided written informed consent.

A quantification of  the HCV RNA level was per-
formed at baseline, then every 4 wk during triple therapy 
and at 12 and 24 wk following treatment withdrawal 
using real-time polymerase chain reaction (COBAS Am-
plicor/TaqMan, Roche Diagnostics, Basel, Switzerland) 
with a lower detection limit of  15 IU/mL. Fibrosis was 
evaluated by a liver biopsy or by measuring the liver stiff-
ness (LS) according to the manufacturer’s instructions 
(Fibroscan, Echosens). The results were expressed in ki-
lopascals (kPa). Metavir F3 was defined by a liver stiffness 
of  9.5-12.4 kPa and Metavir F4 cirrhotic patients were 
defined by values of  up to 12.5 kPa.

Efficacy
The response to triple therapy could be summarized as: (1) 
A rapid virological response (RVR), i.e., negative for HCV 
RNA after 4 weeks of  triple therapy (defined as week 4 
for the TPV group and week 8 for the BOC group); (2) 
A virological response (VR), i.e., negative for HCV RNA 
at the end of  triple therapy; and (3) or a sustained viro-
logical response (SVR), i.e., negative for HCV RNA 24 
wk after the end of  treatment. 

Safety and adverse events
All of  the patients were seen by their physicians at base-
line, every 2 wk during the first 2 mo, every 4 wk during 
the following phase of  therapy and then every 4, 12, 
and 24 wk after treatment withdrawal. Adverse events 
were graded by investigators according to a modified 
World Health Organization grading system. Non-life-
threatening adverse events and hematological disorders 
were managed according to the French association of  
the study of  the liver (AFEF) by reducing the ribavirin 
dose and/or giving erythropoietin (EPO) at the discretion 
of  the physician[11]. EPO was recommended when the 
patient’s hemoglobin (Hb) level dropped to less than 10 
g/dL, despite a previous reduction in the ribavirin dose 
by 200 mg/d. 

Statistical analysis
Statistical analyses were performed using STATA soft-
ware, release 11.2 (STATA Corporation, College Station, 
TX, United States). Numbers and frequencies were used 
for the described qualitative data, and means ± SD or 
medians (inter-quartile range: IQR) were used when the 
normality assumption was not met for quantitative data. 
The qualitative variables were compared between groups 
(TPV and BOC groups; SVR and no-SVR groups; SAEs 
and no-SAEs groups) using the χ 2 test (or Fisher’s exact 
test for small expected numbers). Student’s t test was 
used to compare the distribution of  quantitative data. 

Alternatively, the Mann-Whitney test was used when the 
distribution was not normal or when homoscedasticity 
was rejected. We assessed the accuracy of  liver stiffness to 
predict an SVR according to receiver operating character-
istic (ROC) curves (plotting sensitivity vs 1-specificity at 
various cut-off  settings), and we defined the optimal liver 
stiffness cut-off  value of  21.3 kPa according to the best 
rate of  correctly classified subjects {[(true positives + true 
negatives)/total]; 69.2%}. Odds ratios (ORs) for SVR or 
SAE and 95%CIs were assessed using a logistic regres-
sion model. The variables initially included in the model 
were those associated with SVR or SAE in the univariate 
analysis (P value < 0.20). A backward procedure was ap-
plied to assess variables that were significantly and inde-
pendently associated with SVR (or SAE) (P value < 0.05). 
Because the linearity hypothesis was not fully respected, 
the following continuous variables were transformed into 
ordered data: liver stiffness (< 21.3 kPa vs ≥ 21.3 kPa) for 
the SVR model, platelet count (< 150 × 103/mm3 vs ≥ 
150 × 103/mm3) for the SAE model. Interactions between 
independent covariates were tested in the final regression 
models, and none of  these interactions was significant. 
All of  the reported P values are two-sided, and the signifi-
cance threshold was set at < 0.05. 

RESULTS
Characteristics of patients at baseline
This prospective cohort included 125 HCV genotype 1 
patients (Table 1). None of  the patients had responded 
to previous treatment with standard PR combination 
therapy. There were 46/124 (37.1%) previous relaps-
ers and 78/124 (62.49%) null-responders, and there 
were more men (64.8%) than women (35.2%). HCV 
subtype 1b (56.8%) infections were more frequent than 
HCV subtype 1a (31.2%) infections, although the HCV 
genotype was not defined as 1b or 1a in 12% of  cases. 
As expected in this population of  relapsers and null-
responders to prior antiviral therapy, only 15.4% of  the 
patients had an IL-28B genotype C/C. All of  the patients 
had severe liver fibrosis: 28% were Metavir F3 and 72% 
were cirrhotic, with a Metavir F4 score. All except 2 of  
the cirrhotic patients were classified as Child-Pugh class 
A. Triple therapy was not randomized; TPV or BOC was 
selected by the patient’s physician, with 72% of  the pa-
tients treated with TPV and 28% treated with BOC. We 
observed no difference in the subsequent parameters for 
the two groups.

Virologic response to triple therapy
The overall SVR rate (Table 2) was 59.8% (73/122 pa-
tients). From the overall population, 92 patients (75.4%) 
had undetectable HCV RNA levels at the end of  triple 
therapy, and 19 patients (20.6%) relapsed during the post-
treatment follow-up. Three of  the 57 patients (5.2%) with 
negative HCV RNA levels at 12 wk after the end of  triple 
therapy suffered a late relapse after the twelfth week. 
These three patients were null-responders to previous PR 
treatment, and one of  these patients had a RVR during 
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py, had a better SVR than the patients who did not have 
this rapid drop in the HCV RNA load (76.3% vs 36.4%, 
respectively, P < 0.0001). In the overall population (Figure 
1B), the relapsers to prior PR therapy had a better SVR 
than the null-responders (80% vs 47.4%, P = 0.0004). 
This higher rate of  SVR observed in the prior PR relaps-
ers compared with the null-responders remained signifi-
cant in the TPV or BOC subgroups (80.6% vs 54.9%, 
77.8% vs 32%, respectively, P < 0.05).

Overall, in the triple therapy population (Table 2), the 
liver stiffness (LS) values were significantly lower (P = 
0.0296) in the patients with an SVR [median: 13.9 kPa, 
IQR (9.4-19.7)] than in the patients who failed to have 
an SVR [median: 17.3 kPa, IQR (11.5-28.8)]. The corre-
sponding area under the ROC curve (Figure 2) predicting 
SVR was 0.64 (0.52-0.76). The optimal LS cut-off  value 
associated with an SVR was 21.3 kPa, which had a predic-

triple therapy. The remaining 73 patients maintained their 
SVR until the end of  the follow-up period, 24 wk after 
triple therapy withdrawal. The SVR rate was higher (Table 
2) in the TPV group (65.9%) than in the BOC group 
[44.1%; P = 0.0276, OR = 2.49 (1.1, 5.5), univariate anal-
ysis]. The SVR rate was not significantly influenced by the 
HCV subtype (1a or 1b), IL-28B genotype or viral load at 
baseline. Non-cirrhotic patients tended to have a better 
SVR than the patients with cirrhosis (Table 2); however, 
this difference did not reach statistical significance (68.6% 
for Metavir F3 and 56.3% for Metavir F4, P = 0.212). 
Only 23 of  the 52 patients (44%) in the subgroup of  
very difficult-to-treat patients (those with cirrhosis and a 
null-response to prior therapy) achieved an SVR. Among 
these SVR patients, 20/23 (87%) were given TPV triple 
therapy and 3/23 (13%) were given BOC triple therapy. 
Neither decreasing the ribavirin dosage nor anemia was 
associated with a loss of  SVR (Table 2). 

Patients who exhibited a RVR (Figure 1A), defined as 
a negative viral load 4 wk after the initiation of  PI thera-

  Triple therapy: Peg-IFNa2a + Ribavirin +
  Protease inhibitor, 

125

     Telaprevir 90 (72)
     Boceprevir 35 (28)
     Ribavirin dosage mg/kg, mean (SD) 14.4 (2.1)
     Age, yr, mean (SD) 56.2 (9.7)
  Gender
     Male 81 (64.8)
     Female 44 (35.2)
  HCV genotype
     1a 39 (31.2)
     1b 71 (56.8)
     Undetermined subtype 1 15 (12)
  IL28B genotype (rs12979860) 
     C/T or T/T 88 (84.6)
     Viral load, mean (log10 IU/ mL) 6.3 (0.7)
  Prior response to anti-viral therapy
     Relapsers 46 (37.1)
     Null-responders 78 (62.9)
  Liver fibrosis grade
     Metavir F3 35 (28)
     Metavir F4 90 (72)
  Child-Pugh score
     A 123 (98.4)
     B 1 (0.8)
     C 1 (0.8)
  Liver stiffness values (kPa)
     Mean (SD) 17.5 (10.3)
     Median (IQR) 14.3 (10.4-20.6)
  Oesophageal varices
     None 92 (75.4)
     Grade 1 16 (13.1)
     Grade 2 or 3 14 (11.5)
  Mean hemoglobin level (g/dL, mean (SD) 15.1 (1.6)
  Mean platelet count × 103/mm3, mean (SD) 165.69 (64.9)
  Mean neutrophil count × 103/mm3, mean (SD) 3.4 (1.2)

Table 1  Demographic and baseline characteristics  n  (%)

No 
sustained 
virological 
response
n  = 49

Sustained 
virological 
response
n  = 73

P value
univariate 
analysis

P  value
multivariate 

analysis
OR 

(95%CI)

  Protease inhibitor
     Telaprevir 30 (34.1) 58 (65.9) 0.0276 NS1

     Boceprevir 19 (55.9) 15 (44.1)
  Gender
     Male 27 (34.2) 52 (65.8) 0.0675 NS1

     Female 22 (51.2) 21 (48.8)
  HCV genotype 1 subtype
     1a 17 (45.9) 20 (54.1)   0.8051 -
     1b 26 (37.1) 44 (62.9)
  IL28B genotype, rs12979860, n (%)
     C/C 4 (25) 12 (75) 0.4420 -
      C/T or T/T 40 (45.5) 48 (54.5)
  Response to prior 
  therapy

0.008

      Null-responders 40 (52.6) 36 (47.4)   0.0004 1.0
       Relapsers 9 (20) 36 (80) 3.9 (1.4-10.6)
  Grade of liver fibrosis
     Metavir F3 11 (31.4) 24 (68.6)   0.2118 -
     Metavir F4 38 (43.7) 49 (56.3)
  Liver stiffness value (kPa)
     Median, kPa (IQR) 17.3 

(11.5-28.8)
13.9 

(9.4-19.7)
  0.0296 0.001

      < 21.3 kPa 21 (30) 49 (70) 0.002 8.2 (2.3-29.5)
      ≥ 21.3 kPa 14 (66.7) 7 (33.3) 1
      Rapid virological 
     response

18 (23.7) 58 (76.3) ≤ 0.0001 ≤ 0.001

      No rapid 
      virological 
     response

26 (68.4) 12 (31.6) 6.9 (2.6-18.2)
1.0

  Decrease of ribavirin 
  dosage

18 (37.5) 30 (62.5) 0.6287 -

  No decrease of   
  ribavirin dosage

31 (41.9) 43 (58.1)

Table 2  Factors associated with sustained virological response  n (%)

Relapsers were defined as patients who had undetectable levels of HCV 
RNA at the end of prior treatment and subsequently relapsed. Null-
responders failed to achieve a decline of at least 2 log HCV RNA IU/mL 
during peg-INF α2a + ribavirin treatment after a minimum duration of 
24 wk. Peg-INF: Pegylated-interferon; HCV: Hepatitis C virus; IQR: Inter-
quartile range.

Sustained virological response (SVR) was analyzed 24 wk after triple 
therapy withdrawal for 122 patients. Rapid virological response (RVR) un-
der triple therapy was defined as undetectable HCV RNA levels following 
4 wk of antiviral triple therapy (i.e., week 4 in the TPV group and week 8 
in the BOC treatment group)1. These factors were initially included in the 
multivariate model (P value < 0.2 in the univariate analysis) and were not 
independently associated with SVR in the final multivariate model.

Bonnet D et al . Telaprevir or Boceprevir retreatment for severe HCV 
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tive positive value of  66.7% (43, 85) and a negative pre-
dictive value of  70% (57, 80). An SVR occurred in 70% 
of  the patients with a LS below 21.3 kPa and in 33.3% of  
the patients with a LS of  up to 21.3 kPa (P = 0.002).

The logistic regression analysis (Table 2) showed that 
only three factors were independently associated with 
SVR. These factors were a relapse after PR treatment, 
the LS value, and a RVR to triple therapy. The SVR rate 
was greater in the prior relapsers than in the prior null-
responders to PR therapy [OR = 3.9 (1.4, 10.6), P = 
0.004]. A LS of  less than 21.3 kPa was associated with 
an improved response to triple therapy [OR = 8.2 (2.3, 
29.5), P = 0.001]. An SVR was associated with a RVR 
under triple therapy [OR = 6.9 (2.48, 18.2), P = 0.001], 
defined as HCV RNA-negative after 4 wk of  antiviral 
treatment (week 4 in the TPV group and week 8 in the 
BOC group). The multivariate analysis revealed no differ-
ence in the SVRs of  the TPV and BOC groups. 

Safety
Adverse events ≥ grade 1 occurred in 102/124 patients 
(82.2%) and were significantly more frequent in the pa-

tients receiving TPV (n = 79/89, 88.8%) compared with 
the patients receiving BOC (n = 23/35, 65.7%) [OR = 
4.12 (1.4; 12), P = 0.0059]. Approximately half  of  the 
patients (63: 50.8%) suffered a SAE ≥ grade 3 during 
treatment (Table 3). These grade 3 or 4 SAEs were as 
follows: thrombocytopenia (n = 42, 66%), neutropenia (n 
= 21, 33%), anemia (n = 18, 28.5%), severe infection (n 
= 4, 6.3%), fatigue (n = 3, 4.7%), skin rash (n = 2, 3.2%), 
and hepatic failure (n = 2, 3.2 %). The total percentage 
exceeds 100% because some subjects had several grade 3 
or 4 SAEs. None of  the patients died during treatment. 
Neither the fibrosis stage (F3 or F4) nor the protease 
inhibitor used (TPV or BOC) influenced the occurrence 
of  SAEs. EPO use and blood transfusions were analyzed 
among the 125 patients. A total of  17 patients (13.6%) 
were given blood transfusions, and 65 patients (52%) 
received EPO. The frequencies of  EPO use and blood 
transfusions in the TPV and BOC groups were not sig-
nificantly different. Treatment was discontinued because 
of  SAEs in 11 patients (8.9%).

The univariate analysis (Table 4) showed four factors 
associated with an SAE during triple therapy. Women had 
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SAEs more frequently (62.8%) than men (44.4%, P = 
0.05). The platelet counts (mean ± SD) were lower in the 
patients who had a SAE (143.5 ± 65.4 × 103/mm3) than 
in the patients with no SAE 191.1 ± 54.9 × 103/mm3, 
P ≤ 0.0001). SAEs were more frequent in patients with 
low levels of  serum albumin (median: 39.4 ± 4.9 and 42 
± 4.9 g/L, P = 0.02) or with a high bilirubin concentra-
tion [median: 13.1, IQR (9.1-19.1) and 10.8 (8-13.5) M/L, 
P = 0.036]. The two factors that remained independently 
associated with SAE occurrence (Table 4) were being 
female [OR = 2.4 (1.1, 5.6), P = 0.037] and a platelet 
count lower than 150 × 103/mm3 [OR 5.3 (2.3, 12.4), P 
≤ 0.001]. A greater number of  the patients with platelet 
counts lower than 150 × 103/mm3 (75.6%) experienced 
an SAE than did those with platelet counts higher than 
this cutoff  (37.5%; P = 0.0001).

DISCUSSION
PI therapy has rarely been used to treat patients with 
severe liver fibrosis who failed to respond to prior treat-
ment with PR. The few Metavir F3 or F4 patients treated 
were selected from within larger studies and do not always 
reflect the population seen in routine clinical practice[5-10]. 
The main objective of  this study was to assess the effec-
tiveness of  triple therapy for difficult-to-treat patients with 
severe liver fibrosis who were null-responders or relapsers 
to prior PR treatment. It is necessary to understand how 
patients tolerate these treatments to identify the patients 
most at risk of  suffering severe adverse side effects. 

The overall SVR rate of  59.8% at 24 wk post-treat-

ment was satisfactory in this difficult-to-treat population. 
This high rate shows that PI could be used successfully in 
routine clinical practice, including for patients with severe 
liver fibrosis, with an efficacy equivalent to results ob-
tained in controlled trials. The SVR rate for patients in the 
RESPOND-2 trial[10] with severe liver fibrosis (Metavir F3 
or F4) who failed to respond to previous treatment and 
were retreated with BOC was 55.5%. This study, however, 
was carried out on a limited number of  patients. The SVR 
rate for our patients treated with BOC was 44.1%. The 
lower response rate for our BOC-treated patients might be 
due to the type of  response of  these patients to the prior 
treatment. The majority of  patients in the RESPOND-2 
study[10] were relapsers (64%), whereas the majority (73.5%) 
of  our patients were null-responders. The SVR rate for 
the patients in the REALIZE trial[8] who had severe liver 
fibrosis (Metavir F3 and F4) and who were given TPV 
triple therapy was 56%. The SVR for our patients given 
TPV triple therapy was 65.9%, which was better than that 
of  the REALIZE patients. However, the SVR rate for 
those REALIZE patients[8] classified as Metavir F3 was 
similar (66.4%) to the rate for our patients. 

We identified elements predicting an SVR. One of  the 
main predictive factors of  the virological response to tri-
ple therapy was the type of  response to the previous PR 
treatment. Relapsers on the previous treatment had very 
high SVR rates (80%), whereas the SVR of  null-respond-
ers was only 47.4%. In the overall population, the type 
of  response to a previous treatment was independently 
associated with the SVR to triple therapy. This influence 

Overall 
patients

(n = 124)

Telaprevir  
(n = 89)

Boceprevir 
(n = 35)

P  value
univariate 
analysis

  Premature discontinuation 
  due to SAE

  11 (8) 10 (11.2) 1 (2.9)   0.178

  Death 0 0 0 -
  Severe adverse events 
  grade 3/4

  63 (50.8) 46 (51.7) 17 (48.6) 0.75

  Infection   4 (3.2) 3 (3.4) 1 (2.9)      1
  Liver 
  decompensation

  2 (1.6) 2 (2.2) 0      1

  Fatigue   3 (2.4) 3 (3.4) 0   0.558
  Skin rash   2 (1.6) 2 (2.2) 0       1
  Kidney failure   1 (0.8) 1 (1.1) 0       1
  Digestive adverse 
  events

  1 (0.8) 1 (1.1) 0       1

  Thromboembolic 
  events

  1 (0.8) 1 (1.1) 0      1

  Anemia  18 (14.5) 16 (18)  2 (5.7)   0.081
  Neutropenia   21 (16.8)   14 (15.7) 7 (20)   0.568
  Thrombocytopenia   42 (33.6) 32 (36) 10 (28.6)   0.434
  Erythropoietin use1 65 (52) 45 (90) 20 (57.1)   0.473
  Blood transfusion1    17 (13.6)    15 (16.7) 2 (5.7)   0.149

Table 3  Safety profile of triple therapy: Severe adverse 
events grade 3 or 4  n  (%)

Severe
adverse 
events

n  = 63

No severe
adverse 
events

n  = 61

P value
univariate 
analysis

P  value
multivariate 

Analysis
OR 

(95%CI)

  Protease inhibitor
      Telaprevir 47 (51.7) 43 (48.3) 0.7548 -
      Boceprevir 17 (48.6) 18 (51.4)
  Genre 0.037
     Male 36 (44.4) 45 (55.6) 1.0
     Female 27 (62.8) 16 (37.2) 0.0518 2.4 

(1.1-5.6)
  Liver fibrosis
      Metavir F3 15 (42.9) 20 (57.1) 0.2667 -
     MetavirF4 48 (53.9) 41 (46.1)
  Platelets
     Mean × 10³/mm³ 
      (SD)

143.5 (65.43) 191.1 (54.9) ≤ 0.0001 ≤ 0.001

      < 150 × 10³/mm³ 34 (75.6) 11 (24.4) 0.0001 1.0
  ≥ 150 × 10³/mm³ 27 (37.5) 45 (62.5) 5.3 

(2.3-12.4)
  Albumin, 
  mean, g/L, (SD)

39.4 (4.9) 42 (54.9) 0.0196 -

  Bilirubin, median   
  μM/L, (IQR)

13.1 
(9.1-19.1)

10.8 
(8-13.5)

0.0359 -

Table 4  Factors associated with the occurrence of severe 
adverse events of grade 3 or 4  n  (%)

Only severe adverse events (SAEs) of grade 3 or 4 were reported in the 
table. SAEs were known for 124 patients. 1Erythropoietin use and blood 
transfusions were analyzed among the 125 patients. A single subject might 
have several severe adverse effects.

The variables initially included in the logistic regression model were those 
associated with SAEs in the univariate analysis (P value < 0.20). SAEs: Se-
vere adverse events; IQR: Inter-quartile range.
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of  the type of  virological response to PR treatment on 
the SVR to triple therapy was also described in phase Ⅲ 
studies for patients treated with both TPV and BOC[8-10]. 
We observed an unexpectedly high SVR (54.9%) with 
TPV triple therapy in our previous null-responders (28 
of  51 patients). This rate is approximately twofold higher 
than the SVR rate observed in the REALIZE study in the 
same population of  null-responders with severe liver fi-
brosis[8]. A more detailed comparison of  the characteristics 
of  cirrhotic patients in phase Ⅲ studies and our patients 
in the current study should provide a better understand-
ing of  this difference in the SVR rate. We confirmed that 
the patients who relapse after a previous double-therapy 
benefit more from PI treatment than null-responders. 
However, we also determined that an encouraging SVR 
could be obtained for greater than one-third of  previous 
null-responder cirrhotic patients; therefore, triple therapy 
with TPV or BOC should be offered to these patients, es-
pecially to the patients who could not be included in new 
drug trials[13]. The rationale for treating null-responders 
to PR therapy with severe liver fibrosis is that the second 
generation of  direct-acting antiviral drugs (DAAs) would 
be used in the near future to obtain a higher SVR[14].

We have shown an overall difference in the SVR of  
patients treated with TPV (65.9%) and BOC (44.1%). 
This difference was significant in the univariate analy-
sis; however, it does not appear to be an independent 
value in the multivariate analysis. There were more null-
responders to PR treatment in our BOC subgroup 
(73.5%) than in the TPV subgroup (58.6%). An analysis 
of  the response to triple therapy (in terms of  the previ-
ous response) indicated that the SVRs of  relapsers in the 
TPV (80.6%) and BOC (77.8%) subgroups were similar. 
BOC tended to be less effective for the null-responders 
to prior PR therapy, although this difference was not sig-
nificant after the multivariate analysis. Our study was not 
a randomized study; each clinician could choose to use 
TPV or BOC, although all of  the patients were given the 
same treatment with the same doses of  peg-IFN α2a + 
ribavirin, unlike those in the CUPIC trial[15], which used 
peg-IFN α2a or α b. More of  our patients were treated 
with TPV than BOC because TPV was approved for use 
in France in January 2011, and BOC was approved at a 
later date. The possible difference between the SVR of  
the TPV and BOC groups should be confirmed in a ran-
domized trial that includes more patients. However, tak-
ing into account the development of  new DAAs, such a 
randomized study is unlikely to be completed. Two meta-
analyses[16,17] compared the efficacy of  TPV and BOC. 
Both studies determined that the SVR for TPV was 
superior. These meta-analyses included only a few trials 
on heterogeneous populations. The results could not be 
extrapolated to routine clinical practice, although they are 
compatible with our findings. In the overall population, a 
RVR was observed in 66.7% of  individuals. A RVR was 
observed for 76.3% of  the patients treated with TPV 
and for 31.6% of  the patients treated with BOC. A Span-
ish study found that the RVR was significantly higher in 
the TPV patients, suggesting that the drug acted more 

rapidly[18]. Close monitoring of  the viral load, especially 
at the start of  treatment, could lead to the selection of  
a sub-group of  patients very likely to have an SVR[19-21]. 
This information could strongly motivate these difficult-
to-treat patients on prolonged treatment for 48 wk to 
adhere more closely to the treatment protocol.

We found no link between the degree of  liver fibrosis, 
Metavir F3 or Metavir F4, and the SVR. However, we 
demonstrated a statistically significant link between the 
SVR and the LS measured by Fibroscan® at inclusion. 
The SVR rate was significantly higher in the patients with 
an LS under 21.3 kPa. This LS value of  21.3 kPa is well 
above the value of  12.5 kPa that is typically used to diag-
nose cirrhosis[22], suggesting that the population of  pa-
tients with Child-Pugh class A cirrhosis is heterogeneous. 
The prognosis for the patients with a high LS value is like-
ly different from the prognosis for the patients with lower 
LS values. A previous study[23] of  patients treated with PR 
showed that the liver LS values were significantly lower in 
patients having an SVR than in non-responders. The LS 
value could be used to identify portal hypertension[24-27]. 
Various studies have given thresholds from 13.6 kPa to 48 
kPa for portal hypertension. One study on patients with 
various liver diseases observed that a threshold of  21 kPa 
is useful for predicting significant portal hypertension[25]. 
Other studies specifically included patients with hepatitis 
C for diagnosing non-invasive portal hypertension. A LS 
threshold of  19.8 kPa[26] in one study and of  21.5 kPa in 
two others[22,27] enabled to accurately predict the presence 
of  esophageal varices in this population. These threshold 
values assessed in studies on heterogeneous populations 
are similar to the thresholds that we identified as predic-
tive of  an SVR. Our finding of  a link between the LS 
value and the SVR suggests that there is a subgroup of  
patients with severe liver fibrosis who have high LS values 
and a diminished response to triple therapy with PI. The 
threshold identified in this study should be confirmed by 
studies on larger populations of  patients.

One of  our secondary objectives was to assess how 
well PI treatment was tolerated by difficult-to-treat pa-
tients in the context of  routine clinical practice. Because 
the great majority of  patients suffered from at least one 
side effect, we focused on the development of  severe side 
effects and the factors predicting their development. We 
determined that 50.8% of  patients treated with PI devel-
oped these severe adverse reactions, causing 8.9% of  the 
patients to abandon their treatment early. The preliminary 
results of  the CUPIC trial[15] demonstrated that 40% of  
patients suffered an SAE after 16 wk, and 14.7% of  these 
patients abandoned treatment prematurely. Published 
studies indicate that 57% of  patients on TPV[8,9] suffered 
an SAE, as did 40.4% of  those on BOC[28]. In phase III 
trials[28], SAEs were observed in only 16% of  patients 
with severe liver fibrosis, which was a much lower per-
centage than in our findings. This type of  difference 
between initial studies and routine clinical practice is not 
uncommon; 24% of  our patients had at least one crite-
rion that would have excluded them from a phase Ⅲ trial. 
Our patients were also older than the patients included in 

Bonnet D et al . Telaprevir or Boceprevir retreatment for severe HCV 



667 September 27, 2014|Volume 6|Issue 9|WJH|www.wjgnet.com

phase Ⅲ trials and were likely more fragile, making them 
more susceptible to an SAE. None of  our patients died 
during follow-up, unlike the patients in the CUPIC trial.

We had to administer EPO to 52% of  the patients 
in this study and had to reduce the ribavirin dose for 
38.7% of  the patients. In addition, 13.6% of  the patients 
required a blood transfusion. Reducing the ribavirin dose 
had no effect on the SVR for our patients. Anemia was 
treated in the SPRINT-2 trial[7], similarly to our study, 
with a reduction in the ribavirin dose for only 8% of  
patients; EPO was used for 38% of  patients, and a com-
bination of  the reducing the ribavirin dose and EPO was 
used for 44% of  patients. TPV appeared to cause anemia 
more frequently than BOC among our patients; however, 
this difference was not significant. TPV treatment was 
not an independent factor suggesting the development 
of  SAEs in our study. We have confirmed that patients 
with severe liver fibrosis, whether Metavir F3 or F4, do 
not readily tolerate triple therapy with PI and suffer from 
a high incidence of  SAEs. We determined that two factors 
were independently associated with the development of  
an SAE. One factor was the platelet count at inclusion, 
which was significantly lower in the patients who devel-
oped an SAE. The threshold for development of  an SAE 
was 150000 platelets/mm³. Data from the CUPIC co-
hort[15] indicate that a threshold of  100000/mm³ was pre-
dictive of  death and severe complications. Some of  our 
patients had Metavir F3 or F4 scores, whereas the CUPIC 
cohort[15] included only patients with cirrhosis; this differ-
ence could account for the lower SVR rate in the CUPIC 
study. Female gender is the second factor independently 
associated with the development of  an SAE. The PI 
dose should not be scaled to the patient’s body weight; 
however, further studies on men and women are needed 
to define any differences in body mass index in men and 
women to assess whether this factor influences tolerance. 

In conclusion, we studied a large cohort of  patients 
with genotype 1 HCV infection and severe liver fibrosis 
(Metavir F3 or F4) who had failed to respond to an earlier 
PR treatment. Our data obtained in routine clinical prac-
tice confirm the satisfactory efficacy of  PI triple therapy. 
We have also demonstrated that a threshold value of  21.3 
kPa of  LS is associated with an SVR. However, triple 
therapy with PI is rather poorly tolerated. We should use 
better methods to select patients for PI treatment and 
should be able to offer the patients at the greatest risk of  
treatment failure (as well as those with an intolerance for 
other therapies) a second generation of  new DAAs.
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COMMENTS
Background
The addition of telaprevir (TPV) or boceprevir (BOC) in the treatment of geno-

type 1 hepatitis C virus (HCV) patients has significantly increased the sustained 
virologic response rate of pegylated-interferon (peg-INF) α2a + ribavirin (PR). 
Data on these new therapeutic options are limited in the setting of very difficult-
to-treat patients, although these patients are in the highest priority for achieving 
viral clearance. 
Research frontiers
The research goal is to assess the efficacy and safety of telaprevir- and bo-
ceprevir-based triple therapies in a multicentric cohort of previously treated HCV-
genotype 1 patients with severe liver fibrosis.
Innovations and breakthroughs
In the clinical setting, the efficacy of TPV and BOC-based triple therapies in 
previously treated HCV-genotype 1 patients with severe liver fibrosis is similar 
or even better than the results obtained in controlled trials [overall sustained 
virological response (SVR) 59.8%]. The SVR is inversely correlated to liver stiff-
ness, as assessed by elastography with a cut-off of 21.3 kPa, which is predictive 
of a poor response rate. These treatments are poorly tolerated, and half of all 
patients experience at least one grade 3-4 adverse event.
Applications
This study suggests that telaprevir and boceprevir-based triple therapies could 
be used in clinical practice in the subset of very difficult-to-treat patients; these 
triple therapies resulted in a viral clearance rate similar to or even better than 
the rates obtained in controlled trials. An SVR was achieved even in cirrhosis 
patients. However, patients with the most advanced stage of fibrosis should be 
considered for other treatments because these treatments are significantly less 
efficient when the liver stiffness is higher than 21.3 kPa and are significantly less 
tolerated in the presence of biological markers of advanced liver fibrosis (platelet 
count < 150 × 10³/mm³). 
Terminology
SVR: undetectable levels of viral RNA at 24 wk following treatment completion; 
Rapid virological response (RVR): undetectable levels of viral RNA at week 4 or 
week 8 after initiation of telaprevir- or boceprevir-based triple therapies, respec-
tively.
Peer review
This manuscript by Bonnet et al described the efficacy and safety of Telaprevir 
or Boceprevir therapy for treatment experienced patients with advanced fibrosis. 
The majority of patients were cirrhosis (F4 72%) and null-responder to prior 
therapy (63%), thus reflecting most difficult-to-treat patients. The results are 
encouraging showing high SVR rate in prior relapsers (80%) and even in null-
responders (47%) with low rate of premature discontinuation due to SAE (8%) 
and no death. This information in real-life setting may be of value for physicians 
treating hepatitis C.
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