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A bs tr ac t

Background

Patients with chronic infection with hepatitis C virus (HCV) genotype 1 often need 
48 weeks of peginterferon–ribavirin treatment for a sustained virologic response. 
We designed a noninferiority trial (noninferiority margin, −10.5%) to compare rates 
of sustained virologic response among patients receiving two treatment durations.

Methods

We enrolled patients with chronic infection with HCV genotype 1 who had not previ-
ously received treatment. All patients received telaprevir at a dose of 750 mg every 
8 hours, peginterferon alfa-2a at a dose of 180 μg per week, and ribavirin at a dose 
of 1000 to 1200 mg per day, for 12 weeks (T12PR12), followed by peginterferon–
ribavirin. Patients who had an extended rapid virologic response (undetectable HCV 
RNA levels at weeks 4 and 12) were randomly assigned after week 20 to receive the 
dual therapy for 4 more weeks (T12PR24) or 28 more weeks (T12PR48). Patients with-
out an extended rapid virologic response were assigned to T12PR48.

Results

Of the 540 patients, a total of 352 (65%) had an extended rapid virologic response. 
The overall rate of sustained virologic response was 72%. Among the 322 patients 
with an extended rapid virologic response who were randomly assigned to a study 
group, 149 (92%) in the T12PR24 group and 140 (88%) in the T12PR48 group had 
a sustained virologic response (absolute difference, 4 percentage points; 95% con-
fidence interval, −2 to 11), establishing noninferiority. Adverse events included rash 
(in 37% of patients, severe in 5%) and anemia (in 39%, severe in 6%). Discontinuation 
of all the study drugs was based on adverse events in 18% of patients overall, as well 
as in 1% of patients (all of whom were randomly assigned) in the T12PR24 group and 
12% of the patients randomly assigned to the T12PR48 group (P<0.001).

Conclusions

In this study, among patients with chronic HCV infection who had not received treat-
ment previously, a regimen of peginterferon–ribavirin for 24 weeks, with telaprevir 
for the first 12 weeks, was noninferior to the same regimen for 48 weeks in patients 
with undetectable HCV RNA at weeks 4 and 12, with an extended rapid virologic 
response achieved in nearly two thirds of patients. (Funded by Vertex Pharmaceuti-
cals and Tibotec; ILLUMINATE ClinicalTrials.gov number, NCT00758043.)
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Chronic infection with hepatitis C 
virus (HCV) represents a serious health is-
sue for nearly 200 million infected persons 

worldwide.1 Achievement of a sustained virologic 
response may be associated with improved long-
term clinical outcomes, including increased sur-
vival.2,3 In patients infected with HCV genotype 1, 
48 weeks of treatment with peginterferon alfa and 
ribavirin results in a rate of sustained virologic 
response of 40 to 50%.4,5

Telaprevir administered in combination with 
peginterferon and ribavirin has led to high rates 
of sustained virologic response in phase 2 and 
phase 3 trials involving patients with HCV geno-
type 1 infection, who have not previously received 
treatment, in the United States and Europe.6-8 
Telaprevir is an orally bioavailable inhibitor of 
the nonstructural 3/4A (NS3/4A) HCV protease. 
Phase 2 data have suggested that a high pro-
portion of patients have a rapid decline in viral 
levels during early treatment stages and that a 
response-guided treatment regimen based on 
viral response may permit a shorter treatment 
duration while preserving high rates of sus-
tained virologic response. Such a strategy may 
decrease the risk of exposure of patients to not 
only potential side effects from telaprevir but 
also to the well-characterized adverse events as-
sociated with the 48-week use of peginterferon 
and ribavirin.

In this multinational, randomized study, we 
assessed the efficacy and safety of response-guid-
ed therapy consisting of a three-drug regimen of 
telaprevir, peginterferon alfa-2a, and ribavirin in 
patients with chronic HCV genotype 1 infection 
who had not previously received treatment. The 
primary goal was to assess the noninferiority of 
a 24-week versus a 48-week telaprevir-based regi-
men among patients who had an extended rapid 
virologic response (undetectable HCV RNA levels 
at weeks 4 and 12).

Me thods

Study Patients

Eligible patients were enrolled at 74 sites in Bel-
gium, the Netherlands, and the United States (in-
cluding Puerto Rico). Inclusion criteria for enroll-
ment were the presence of chronic infection with 
HCV genotype 1, indicated by a diagnosis at more 
than 6 months before the screening visit, with a 
detectable HCV RNA level at the visit, as well as 

no previous treatment for HCV infection; age be-
tween 18 and 70 years; seronegative test for hep-
atitis B virus and human immunodeficiency virus; 
an absolute neutrophil count of 1500 or more per 
cubic millimeter; a platelet count of 90,000 or more 
per cubic millimeter; and a hemoglobin level of 
12 g or more per deciliter for female patients and 
13 g or more per deciliter for male patients. All 
patients had undergone a liver biopsy within 1 year 
before the screening visit or underwent the pro-
cedure during the screening period unless a bi-
opsy more than 1 year previously showed evidence 
of cirrhosis. Patients with hepatic decompensa-
tion, clinically significant liver disease from an-
other cause, or active cancer within the previous 
5 years (except treated basal-cell carcinoma) were 
excluded.

Study Design and Conduct

All patients provided written informed consent. 
The study was approved by the institutional review 
boards of all study centers and was performed in 
accordance with Good Clinical Practice guide-
lines as defined by the International Conference 
on Harmonization and the Declaration of Hel-
sinki. The study protocol and statistical analysis 
plan are available with the full text of this article 
at NEJM.org.

Vertex Pharmaceuticals and Tibotec funded the 
study. The academic principal investigator partici-
pated in study design and protocol development 
with the study sponsors, had unrestricted access 
to the data, prepared the first draft of the man-
uscript, and made the decision to submit the 
manuscript for publication. All authors reviewed 
and approved the final manuscript and assume 
responsibility for the accuracy and completeness 
of the data reported. An employee of Vertex Phar-
maceuticals provided medical writing, editorial, 
and coordination services.

The ILLUMINATE (Illustrating the Effects of 
Combination Therapy with Telaprevir) trial was 
an open-label, randomized, phase 3 noninferi-
ority trial in which the results of HCV RNA 
testing were double-blinded through week 24. All 
patients received triple therapy for 12 weeks, 
consisting of telaprevir (Vertex Pharmaceuti-
cals) at a dose of 750 mg orally every 8 hours, 
peginterferon alfa-2a (40 kD) (Pegasys, Roche) at 
a dose of 180 μg injected subcutaneously once 
weekly, and ribavirin (Copegus, Roche) at a dose 
of 1000 mg per day for patients weighing less 
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than 75 kg or 1200 mg per day for patients weigh-
ing 75 kg or more. After 12 weeks, all patients 
continued to receive peginterferon–ribavirin only.

Assessment of Efficacy

At study visits, the HCV RNA level was measured 
with the use of the COBAS TaqMan assay (Roche 
Molecular Systems, version 2.0), which has a low-
er limit of quantification of 25 IU per milliliter 
and a lower limit of detection of approximately 
10 to 15 IU per milliliter.

After the week 20 visit, patients who had had an 
undetectable HCV RNA level at week 4 and week 
12 (i.e., an extended rapid virologic response) were 
randomly assigned, in a 1:1 ratio, to stop treatment 
at week 24 (the T12PR24 group) or to continue 
peginterferon–ribavirin therapy through 48 weeks 
(the T12PR48 group). Randomization was cen-
trally managed, blocked, and stratified to optimize 
balance with regard to HCV genotype subtype 
(1a, 1b, or unknown) and self-reported race (black 
or nonblack). Patients who had not had an ex-
tended rapid virologic response were nonrandomly 
assigned to the T12PR48 group.

Upon the completion of treatment, all patients 
entered the follow-up phase, consisting of 48 
weeks for the T12PR24 group and 24 weeks for 
the T12PR48 group. Patients who discontinued 
treatment before randomization were also fol-
lowed for 24 weeks. All patients were assessed for 
a sustained virologic response at 24 weeks of fol-
low-up and, in patients in the T12PR24 group, at 
48 weeks of follow-up. All patients who completed 
the follow-up period were assessed for a response 
to treatment.

Virologic failure was defined as an HCV RNA 
level greater than 1000 IU per milliliter at week 4, 
a decline from baseline by less than 2 log10 units 
in the level of detectable HCV RNA at week 12, 
or a detectable HCV RNA level at any time be-
tween weeks 24 and 36. According to the study 
protocol, telaprevir was stopped in patients with 
an HCV RNA level greater than 1000 IU per mil-
liliter at week 4, and all study drugs were stopped 
in patients who had virologic failure at week 12 
or between weeks 24 and 36.

Samples for sequence-based virologic assess-
ment of changes in the NS3/4A coding domain 
were collected at baseline. These were compared 
with samples obtained during the study for pa-
tients in whom HCV RNA did not become unde-
tectable.

Safety

Planned safety evaluations included physical ex-
aminations, laboratory evaluation of key safety 
variables, and adverse-event reporting according 
to the Division of Acquired Immunodeficiency Syn-
drome (DAIDS) criteria for the assessment of se-
verity. For adverse events not listed in the DAIDS 
criteria, severity assessment was based on proto-
col-defined criteria. Electrocardiography was per-
formed at baseline. During the first 12 weeks of 
the study, investigators could discontinue the use 
of telaprevir (while continuing to administer pe-
ginterferon–ribavirin) if serious adverse events po-
tentially attributable to telaprevir were observed. 
These included, but were not restricted to, rash 
and anemia. The use of erythropoietin or other 
hematopoietic growth factors was prohibited per 
the final amended protocol, as were reductions 
of telaprevir dose.

Planned reviews of safety data were conducted 
by an independent data and safety monitoring 
committee to evaluate the safety and tolerability 
of the study-drug regimens. A statistical group 
independent of the sponsors performed the analy-
ses and safety-data preparation for each review.

Statistical Analysis

The primary efficacy variable was a sustained vi-
rologic response, defined as an undetectable HCV 
RNA level at the end of the treatment phase and 
24 weeks after the last planned dose of study med-
ication. The primary analysis was the estimation 
of the difference in sustained virologic response 
between patients who had extended rapid virologic 
response and were randomly assigned to receive 
T12PR24 versus T12PR48. The sample size was 
chosen to permit a noninferiority comparison be-
tween these two randomized subgroups with a pre-
defined noninferiority margin of −10.5%. A sam-
ple size of 157 randomly assigned patients per 
study group was estimated to have 80% power to 
rule out the noninferiority of T12PR24 as com-
pared with T12PR48 if the observed rate of sus-
tained virologic response was 90%.

R esult s

Baseline Characteristics of the Study 
Patients

A total of 540 patients received at least one dose 
of a study drug (Fig. 1) and represent the overall 
study population (Table 1). Black race was self-
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reported in 73 patients (14%); 54 patients (10%) 
identified themselves as Hispanic or Latino; and 3 
(1%) identified themselves as black and Hispanic 
or Latino. A total of 149 patients (28%) had bridg-
ing fibrosis or cirrhosis. Genotype subtype 1a was 
predominant (388 patients [72%]).

Efficacy and Noninferiority

Overall, 72% (389 of 540) of the study patients had 
a rapid virologic response, defined as undetect-
able HCV RNA at week 4; 65% (352 of 540) had an 
extended rapid virologic response. One hundred 
patients, including 30 who had an extended rapid 

544 Patients enrolled

4 Did not receive a study drug

100 Prematurely discontinued the treatment 
regimen before randomization, including
30 who had an extended rapid virologic
response

12 Had virologic failure
88 Had other reasons

62 Had adverse events
8 Declined further treatment
5 Were lost to follow-up
4 Withdrew consent
4 Had other reasons
3 Required a medication not permitted

in the protocol
1 Was not compliant with study drug
1 Was not compliant for other reason

540 Received 12 wk of telaprevir and peginterferon
alfa-2a–ribavirin followed by 12 wk of peginterferon

alfa-2a–ribavirin

162 Who had an extended rapid
virologic response were randomly
assigned to the T12PR24 group,

after wk 20 but before wk 24

1 Discontinued treatment
owing to an adverse event

161 Completed treatment at wk 24

160 Who had an extended rapid
virologic response were randomly
assigned to the T12PR48 group,

after wk 20 but before wk 24

41 Discontinued treatment
6 Had virologic failure

35 Had other reasons
20 Had adverse events
11 Declined further

treatment
2 Were lost to follow-up
1 Withdrew consent
1 Had other reason

39 Discontinued treatment
18 Had virologic failure
21 Had other reasons

12 Had adverse events
5 Declined further

treatment
2 Were lost to follow-up
1 Withdrew consent
1 Required a medication

not permitted in the
protocol

119 Completed treatment at wk 48

118 Who did not have an extended
rapid virologic response were non-
randomly assigned to the T12PR48
group, after wk 20 but before wk 24

 79 Completed treatment at wk 48 

 

Figure 1. Enrollment, Randomization or Assignment, and Follow-up of the Study Patients.

Virologic failure was defined as an HCV RNA level greater than 1000 IU per milliliter at week 4, a decline from baseline by less than 
2 log10 units in the level of detectable HCV RNA at week 12, or a detectable HCV RNA level at any time between weeks 24 and 36.
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Table 1. Baseline Characteristics of the Study Patients, According to Study Group.*

Characteristic

Randomly 
Assigned to 

T12PR24 
(N = 162)

Randomly 
Assigned to 

T12PR48 
(N = 160)

Nonrandomly 
Assigned to 

T12PR48 
(N = 118)

Discontinued 
Treatment 

before Wk 20 
(N = 100)

Age ― yr

Median 51 50 51 52

Range 22–70 19–67 20–63 21–66

Body-mass index†

Median 28 27 27 27

Range 18–53 19–49 19–54 19–44

Distribution

<25 44 (27) 60 (38) 35 (30) 38 (38)

≥25 to <30 56 (35) 51 (32) 49 (42) 32 (32)

≥30 61 (38) 49 (31) 34 (29) 30 (30)

Missing data 1 (1) 0 0 0 

Male sex ― no. (%) 104 (64) 97 (61) 70 (59) 54 (54)

Race ― no. (%)‡

White 135 (83) 131 (82) 86 (73) 75 (75)

Black 17 (10) 17 (11) 20 (17) 19 (19)

Other 10 (6) 12 (8) 12 (10) 6 (6)

Hispanic or Latino ethnic group ― no. (%)‡

Yes 18 (11) 11 (7) 8 (7) 17 (17)

No 140 (86) 146 (91) 105 (89) 82 (82)

Missing data 4 (2) 3 (2) 5 (4) 1 (1)

HCV genotype 1 subtype ― no. (%)§

1a 115 (71) 117 (73) 84 (71) 72 (72)

1b 46 (28) 43 (27) 33 (28) 27 (27)

Unknown 1 (1) 0 1 (1) 1 (1)

HCV RNA log10 ― IU/ml¶ 6.3±0.9 6.4±0.7 6.7±0.6 6.4±0.7

HCV RNA level ≥800,000 IU/ml ― no. (%)¶ 124 (77) 126 (79) 108 (92) 87 (87)

Stage of fibrosis and cirrhosis ― no. (%)

None or minimal fibrosis 46 (28) 48 (30) 27 (23) 26 (26)

Portal fibrosis 78 (48) 79 (49) 49 (42) 38 (38)

Bridging fibrosis 20 (12) 21 (13) 30 (25) 17 (17)

Cirrhosis 18 (11) 12 (8) 12 (10) 19 (19)

*	Plus–minus values are means ±SD. None of the characteristics differed significantly between the randomized groups 
(P>0.05 for all comparisons). Patients received telaprevir (750 mg every 8 hours) for 12 weeks, as well as peginterferon 
alfa-2a (180 µg per week) and ribavirin (1000 or 1200 mg per day, according to body weight) for a total of either 24 weeks 
(T12PR24) or 48 weeks (T12PR48). Patients who had an extended rapid virologic response were randomly assigned to 
either the T12PR24 group or the T12PR48 group. Patients who did not have an extended rapid virologic response were 
nonrandomly assigned to the T12PR48 group. The remaining patients discontinued the treatment regimen before week 
20 or nonrandom assignment. HCV denotes hepatitis C virus.

†	The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	Race and ethnic group were self-reported and were not mutually exclusive. The “other” race category included patients 

self-identifying as Asian, American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, or other self-reported 
races, as well as 13 patients for whom local regulations did not permit asking about race or ethnic group.

§	HCV genotype and subtype were ascertained by means of line-probe assay (Inno-LiPA, Innogenetics).
¶	HCV RNA levels were measured with the use of the COBAS TaqMan HCV assay (Roche Molecular Systems), which has a 

lower limit of quantification of 25 IU per milliliter and a lower limit of detection of approximately 10 to 15 IU per milliliter.
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virologic response, discontinued the study drugs 
owing to adverse events, withdrawal of consent, or 
other reasons. The overall rate of sustained viro-
logic response was 72% (Table 2). Of the 322 pa-
tients who had an extended rapid virologic response 
and a week 20 visit, 162 were randomly assigned 
to the T12PR24 group, of whom 149 (92%) had 
a sustained virologic response; and 160 were ran-
domly assigned to the T12PR48 group, of whom 
140 (88%) had a sustained virologic response.  
A total of 118 patients who had not had an ex-
tended rapid virologic response were assigned to 
the T12PR48 group, and 76 (64%) had a sustained 
virologic response. Of the remaining 100 patients, 
who prematurely discontinued treatment before 
week 20, 23 (23%) had a sustained virologic re-
sponse.

The primary study objective was the noninfe-
riority of the T12PR24 regimen to the T12PR48 
regimen; specifically, the rate of sustained viro-
logic response among patients with an undetect-
able HCV RNA level at weeks 4 and 12 who were 
randomly assigned to 24-week versus 48-week 
treatment. The majority of patients (99%) in the 
24-week group completed the treatment, as com-
pared with 74% in the 48-week group (P<0.001). 
The absolute difference in the rate of sustained 
virologic response between the T12PR24 group 
and the T12PR48 group was 4 percentage points 
(95% confidence interval [CI], −2 to 11). The lower 
limit of this 95% CI (−2%) excluded the noninfe-
riority margin of −10.5%.

Low rates of relapse were observed after the 
completion of treatment (6% with T12PR24 and 
3% with T12PR48), with an overall relapse rate of 
8% (Table 2). The HCV RNA level was undetect-
able at 72 weeks after the start of treatment in 
70% (377 of 540) of patients overall, with an ab-
solute difference of −0.5 percentage points be-
tween the T12PR24 group (87.0%) and the patients 
in the T12PR48 group who had had an extend
ed rapid virologic response (87.5%) (95% CI, −7.7 
to 6.8).

Rates of response in subgroups with host or 
baseline characteristics that have been historically 
associated with poor treatment outcome were also 
examined. Overall, 69% of patients with a high 
viral load (≥800,000 IU per milliliter) had a sus-
tained virologic response. Among those with an 
extended rapid virologic response, HCV RNA lev-
els at baseline were not a predictor of a sustained 
virologic response, which was achieved in nearly 

90% of patients with high viral load. Similarly, 
genotype subtype (1a vs. 1b) did not affect the 
treatment outcome, either in the overall popula-
tion or among randomly assigned patients (Ta-
ble 2). In all, 63% of patients with bridging fibro-
sis or cirrhosis had a sustained virologic response. 
Among patients with an extended rapid virologic 
response and bridging fibrosis or cirrhosis, rates 
of sustained virologic response were 82% in the 
T12PR24 group and 88% in the T12PR48 group 
(Table 2). This difference was not significant. 
Overall, 74% of white patients versus 60% of black 
patients had a sustained virologic response (P = 0.02) 
(Table 2). Neither race nor ethnic group was as-
sociated with any decrease in the rate of sustained 
virologic response among the patients who had 
had an extended rapid virologic response; no sig-
nificant differences were observed between the 
two randomized subgroups.

Virologic Failure and Telaprevir-Resistant 
Variants

Virologic failure during the treatment phase, in-
cluding in patients who met the stopping rules 
and had detectable HCV RNA levels at the end of 
treatment, was uncommon, found in 8% of the 
overall population and in 2% of patients in the 
T12PR24 group and 3% of the patients in the 
T12PR48 group who had had an extended rapid 
virologic response (P = 0.22). HCV variants with de-
creased sensitivity to telaprevir were observed in 
the majority of patients in whom HCV RNA did 
not become undetectable, including the previously 
described variants with NS3/4A positions 36, 54, 
155, and 156.9 Follow-up of patients without a 
sustained virologic response showed that 55% of 
those with resistant variants at the time of treat-
ment failure no longer had them (as detected by 
means of population sequencing) at their last visit 
(median follow-up, 43 weeks).

Safety and Side-Effect Profile

In the overall treatment phase, 9% of patients 
had serious adverse events, anemia being the 
most common, reported in 2% of patients (Table 
3). A total of 2% of patients in the T12PR24 group, 
as compared with 10% of the patients in the 
T12PR48 group who had had an extended rapid 
virologic response, had serious adverse events 
(P = 0.005). Fatigue was the most common adverse 
event (68%), followed by pruritus (51%), nausea 
(47%), anemia (39%), headache (38%), rash (37%), 
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Table 2. Undetectable HCV RNA Levels during and after the Treatment Period, According to Study Group and Baseline Characteristic.*

Time Point
Total  

(N = 540)

Randomly 
Assigned to 

T12PR24 
(N = 162)

Randomly 
Assigned to 

T12PR48 
(N = 160)

Nonrandomly 
Assigned to 

T12PR48 
(N = 118) 

Discontinued 
Treatment 

before Wk 20 
(N = 100)

number/total number (percent)

Wk 4 (rapid virologic response) 389 (72) 162 (100) 159 (99) 15 (13) 53 (53)

Wk 4 and wk 12 (extended rapid virologic 
response)

352 (65) 162 (100) 159 (99) 0 31 (31)

End of treatment 469 (87) 159 (98) 154 (96) 97 (82) 59 (59)

24 Wk after end of treatment (sustained viro
logic response): primary end point

388 (72) 149 (92) 140 (88) 76 (64) 23 (23)

Wk 4 (rapid virologic response)

Yes 317/389 (81) 149/162 (92) 139/159 (87) 11/15 (73) 18/53 (34)

No 71/151 (47) 0/0 1/1 (100) 65/103 (63) 5/47 (11)

Body-mass index

<25 125/177 (71) 42/44 (95) 51/60 (85) 22/35 (63) 10/38 (26)

≥25 to <30 135/188 (72) 51/56 (91) 46/51 (90) 32/49 (65) 6/32 (19)

≥30 127/174 (73) 55/61 (90) 43/49 (88) 22/34 (65) 7/30 (23)

Missing data 1/1 (100) 1/1 (100) 0 0 0  

HCV 1 genotype subtype

1a 273/388 (70) 103/115 (90) 103/117 (88) 49/84 (58) 18/72 (25)

1b 112/149 (75) 45/46 (98) 37/43 (86) 26/33 (79) 4/27 (15)

Unknown 3 (1) 1 (1) 0 1 (1) 1 (1)

Liver disease

None or minimal or portal fibrosis 294/391 (75) 118/124 (95) 111/127 (87) 53/76 (70) 12/64 (19)

Bridging fibrosis or cirrhosis 94/149 (63) 31/38 (82) 29/33 (88) 23/42 (55) 11/36 (31)

Race†

White 315/427 (74) 126/135 (93) 114/131 (87) 56/86 (65) 19/75 (25)

Black 44/73 (60) 15/17 (88) 15/17 (88) 13/20 (65) 1/19 (5)

Asian or other 29/40 (72) 8/10 (80) 11/12 (92) 7/12 (58) 3/6 (50)

Hispanic or Latino ethnic group†

Yes 36/54 (67) 17/18 (94) 9/11 (82) 6/8 (75) 4/17 (24)

No 343/473 (73) 129/140 (92) 128/146 (88) 67/105 (64) 19/82 (23)

Missing data 9/13 (69) 3/4 (75) 3/3 (100) 3/5 (60) 0/1 (0)

Diabetes

Yes 16/35 (46) 6/8 (75) 4/5 (80) 4/8 (50) 2/14 (14)

No 372/505 (74) 143/154 (93) 136/155 (88) 72/110 (65) 21/86 (24)

Relapse after having undetectable HCV RNA 
at end of treatment period

37/469 (8) 9/159 (6) 4/154 (3) 11/97 (11) 13/59 (22)

*	All patients who received at least one dose of a study drug were included in the analysis. HCV RNA levels were measured on day 1 and at 
weeks 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24 (the last treatment visit for the T12PR24 group), 28, 36, 40, 48 (the last treatment visit for the 
T12PR48 group), 60, and 72 and at all post-treatment follow-up visits.

†	Race and ethnic group were self-reported.
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insomnia (34%), diarrhea (30%), and influenza-
like illness (26%).

During the telaprevir treatment phase (i.e., the 
first 12 weeks), 7% of all patients discontinued all 
study drugs, with 1% attributable to rash events 
and 1% to anemia events. Twelve percent of pa-
tients discontinued telaprevir only, owing to ad-
verse events, with 7% due to rash events and 2% 
to anemia events (Table 3).

Roughly two thirds of the observed rashes oc-
curred in the first 8 weeks. Rashes were primar-
ily eczematous in nature and were typically treated 
with topical medications (e.g., topical glucocor-
ticoids or antihistamines), oral antihistamines, or 
both. Severe rash occurred in 5% of patients and 
was managed by means of discontinuation of tela-
previr first, with continuation of peginterferon–
ribavirin; if the rash did not improve within 7 days 
after telaprevir discontinuation, ribavirin (with or 
without peginterferon) was to be either interrupted 
or discontinued.

Severe anemia was reported in 6% of patients. 
During the treatment phase, 14 patients had low 
hemoglobin levels (<7 g per deciliter), classified as 
a grade 4 adverse event, with 11 of the 14 going 
on to have a sustained virologic response. A to-
tal of 32 patients received blood transfusions for 
treatment of anemia during the study; 7 patients 
(1%) received an erythropoiesis-stimulating agent, 
and a sustained virologic response was achieved 
in 6 of these 7. The ribavirin dose was modified in 
46% of patients because of decreased hemoglo-
bin levels. A total of 73% of the patients whose 
ribavirin dose was not modified had a sustained 
virologic response, as did 68% and 75% of patients 
who had at least one dose reduction and at least 
one dose reduction and interruption, respectively. 
Among all study patients, 18% discontinued all 
study drugs because of adverse events, including 
1% of the patients in the T12PR24 group and 12% 
of the patients in the T12PR48 group who had had 
an extended rapid virologic response (P<0.001) 
(Table 3).

Discussion

We found that a 24-week treatment regimen of 
peginterferon–ribavirin, with telaprevir added for 
the first 12 weeks, was noninferior to a 48-week 
regimen of peginterferon–ribavirin, with telapre-
vir added for the first 12 weeks in patients with 
chronic infection with HCV genotype 1 who have 

not received treatment previously and who had an 
extended rapid virologic response. Nearly two thirds 
of the enrolled patients met this definition and 
were eligible for an abbreviated course of therapy. 
Thus, this study supports the concept of response-
guided therapy. Relapse rates were low and were 
not significantly different between the 24-week 
group and the 48-week group. The sustained viro-
logic response among all study patients was 72%.

Telaprevir-based therapy guided by the presence 
or absence of an extended rapid virologic response 
selected for a population that demonstrated uni-
formly high rates of sustained virologic response 
regardless of race, ethnic group, or presence or 
absence of advanced fibrosis. There were high 
rates of response among blacks (60%) and His-
panics or Latinos (67%), in contrast with the 
historically poor responses in these subgroups 
reported in large published trials. The Viral Re-
sistance to Antiviral Therapy of Chronic Hepa-
titis C study (VIRAHEP-C; ClinicalTrials.gov num-
ber, NCT00038974) reported a sustained virologic 
response of 28% among blacks receiving peginter-
feron–ribavirin.10 Response rates among patients 
with bridging fibrosis or cirrhosis were high; how-
ever, few patients had cirrhosis in our study, and 
further investigation is warranted.

Virologic failure was frequently associated with 
the appearance of mutations related to resistance 
to telaprevir and other class-specific serine pro-
tease inhibitors. Follow-up of patients without a 
sustained virologic response in our study showed 
that 55% of patients who originally had resistant 
variants no longer had resistant variants at their 
last visit (median follow-up, 43 weeks). In addition, 
long-term follow-up of patients who had virologic 
failure in phase 2 telaprevir studies showed that 
in 89% of patients, telaprevir-resistant variants 
were no longer detectable after a median follow-
up time of 22 months, on the basis of popula-
tion sequencing.11

Rates of drug discontinuation were similar to 
those in other clinical trials of telaprevir-based 
therapy 6-8 and were slightly higher than those ob-
served in pivotal trials of peginterferon–ribavirin 
only.4,5 The overall incidences of rash (37%) and 
severe rash (5%) were similar to those in the 12-
week telaprevir-based treatment groups in the 
ADVANCE (A New Direction in HCV Care: A Study 
of Treatment-Naive Hepatitis C Patients with Tela-
previr) trial (NCT00627926) (37% and 6%, re-
spectively).8 Although rash was common in our 
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study, it was usually mild and was a relatively 
infrequent cause of discontinuation of all study 
medications. Our protocol differed from earlier 
phase 2 trials of telaprevir in that investigators 
were permitted to discontinue administration of 
telaprevir, in cases of severe or worsening rash, 
while maintaining the administration of pegin-
terferon–ribavirin. Since most of these discontinu-
ations occurred after HCV was undetectable (i.e., 
after 8 weeks of treatment), the discontinuation 
of telaprevir did not negatively affect the rate of 
sustained virologic response.

The incidence of anemia in our study (39%) 
was similar to that in the 12-week telaprevir-based 
groups in ADVANCE (37%).8 Rates of discontinu-
ation of telaprevir and all study drugs owing to 

anemia-associated events were low. High rates of 
sustained virologic response were observed despite 
ribavirin-dose modifications, as well as in the 
small number of patients who received an eryth-
ropoiesis-stimulating agent.

In our phase 3 study, 24 weeks of peginterferon 
and ribavirin treatment was noninferior to 48 
weeks of treatment for patients infected with HCV 
genotype 1 who had not previously received treat-
ment and who had undetectable HCV RNA levels 
at weeks 4 and 12. This response-guided regimen 
resulted in a shorter treatment duration with high 
rates of sustained virologic response for approxi-
mately two thirds of treated patients. The treat-
ment regimen was highly effective in patients with 
a historically poor treatment response, including 

Table 3. Adverse Events and Reasons for Discontinuation of Telaprevir Only and of All Study Drugs.*

Event
Total  

(N = 540)

Randomly 
Assigned to 

T12PR24 
(N = 162)

Randomly 
Assigned to 

T12PR48 
(N = 160)

Nonrandomly 
Assigned to 

T12PR48 
(N = 118)

Discontinued 
Treatment 

before Wk 20 
(N = 100)

number (percent)

Any serious adverse event 49 (9) 4 (2) 16 (10) 7 (6) 22 (22)

Blood and lymphatic system disorders 15 (3) 2 (1) 5 (3) 0 8 (8)

Anemia 12 (2) 1 (1) 0 7 (6) 4 (4)

Infections and infestations 10 (2) 1 (1) 5 (3) 3 (3) 1 (1)

Pneumonia 3 (1) 0 2 (1) 1 (1) 0 

Gastrointestinal disorders 2 (<1) 0 0 0 2 (2)

Injury, poisoning, and procedural complications 3 (1) 0 0 0 3 (3)

Metabolism and nutrition disorders 3 (1) 0 3 (2) 0 0 

Dehydration 2 (<1) 0 2 (1) 0 0 

Respiratory, thoracic, and mediastinal disorders 3 (1) 0 0 0 3 (3)

Any adverse event 537 (99) 161 (99) 160 (100) 117 (99) 99 (99)

General disorders 472 (87) 138 (85) 139 (87) 106 (90) 89 (89)

Fatigue 369 (68) 110 (68) 111 (69) 81 (69) 67 (67)

Gastrointestinal disorders 440 (81) 132 (81) 135 (84) 99 (84) 74 (74)

Nausea 253 (47) 71 (44) 76 (48) 61 (52) 45 (45)

Diarrhea 164 (30) 48 (30) 54 (34) 38 (32) 24 (24)

Skin and subcutaneous-tissue disorders 461 (85) 142 (88) 145 (91) 102 (86) 72 (72)

Pruritus 273 (51) 95 (59) 83 (52) 55 (47) 40 (40)

Rash† 202 (37) 60 (37) 62 (39) 47 (40) 33 (33)

Nervous system disorders 311 (58) 94 (58) 90 (56) 79 (67) 48 (48)

Headache 204 (38) 61 (38) 57 (36) 51 (43) 35 (35)

Psychiatric disorders 288 (53) 73 (45) 95 (59) 72 (61) 48 (48)

Insomnia 182 (34) 50 (31) 62 (39) 44 (37) 26 (26)

Blood and lymphatic system disorders 287 (53) 86 (53) 89 (56) 62 (53) 50 (50)

Anemia‡ 212 (39) 68 (42) 66 (41) 38 (32) 40 (40)
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Table 3. (Continued.)

Event
Total  

(N = 540)

Randomly 
Assigned to 

T12PR24 
(N = 162)

Randomly 
Assigned to 

T12PR48 
(N = 160)

Nonrandomly 
Assigned to 

T12PR48 
(N = 118)

Discontinued 
Treatment 

before Wk 20 
(N = 100)

number (percent)

Discontinuation of telaprevir only owing to 
adverse events§

Total 65 (12) 21 (13) 20 (12) 13 (11) 11 (11)

Rash events of any severity† 40 (7) 14 (9) 10 (6) 9 (8) 7 (7)

Anemia events of any severity‡ 13 (2) 6 (4) 3 (2) 2 (2) 2 (2)

Discontinuation of all study drugs

Total¶ 181 (34) 1 (1) 41 (26) 39 (33) 100 (100)

Owing to adverse events 95 (18) 1 (1) 20 (12) 12 (10)¶ 62 (62)

Rash events of any severity† 8 (1) 0 1 (1) 0 7 (7)

Anemia events of any severity‡ 13 (2) 0 2 (1) 0 11 (11)

Other‖ 50 (9) 0 15 (9) 9 (8) 26 (26)

*	Serious adverse events listed are those that occurred in at least three patients. Adverse events listed are those that occurred in at least 30% 
of patients. Both are listed according to preferred term of the Medical Dictionary for Regulatory Activities (version 11.0).

†	Rash was primarily eczematous and resolved after cessation of therapy. Severe rash was observed in 5% of the study patients. Rash events, as assessed 
with the use of a group of related terms to identify all dermatologic events, were observed in 63% of patients during the telaprevir treatment phase. 

‡	Per the study protocol, anemia was to be managed with modification of the ribavirin dose; the use of therapy involving erythropoietin or other 
hematopoietic growth factors was prohibited according to the final amended protocol. Severe anemia was observed in 6% of the study patients.

§	The adverse events listed as the cause of telaprevir discontinuation are those of any grade reported during treatment in at least 1% of patients 
in at least one of the four study groups.

¶	One patient randomly assigned to the T12PR24 group died after having completed treatment during the extended follow-up phase, 277 days 
after the last dose of study drug; the death was the result of a fall that led to head trauma and was considered unrelated to telaprevir. One patient 
nonrandomly assigned to the T12PR48 group had completed telaprevir therapy but discontinued peginterferon–ribavirin therapy owing to an 
adverse event during the post-telaprevir treatment phase. This patient was considered to have discontinued treatment except in safety analyses, 
since all three study drugs were not discontinued owing to an adverse event.

‖	Other reasons for discontinuation of all the study drugs included withdrawal of consent, loss to follow-up, noncompliance with the drug 
regimen or other types of noncompliance, refusal of further treatment, and requirement for medication not permitted in the protocol.

blacks, patients with bridging fibrosis or cirrho-
sis, and patients with high HCV RNA levels. Re-
sponse-guided therapy also resulted in decreased 
rates of adverse events and treatment discontinu-
ation among patients who received treatment over 
the shorter period.

Supported by Vertex Pharmaceuticals and Tibotec.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.

We thank the study coordinators, nurses, and patients involved 
in the study; the contract research organizations ICON and I3 for 
coordinating and implementing various aspects of the study; John 
Alam, M.D. (a former employee of Vertex Pharmaceuticals), for his 
contribution to the study design; and various Vertex Pharmaceuti-
cals employees: Kristin Kleber for clinical project management; 
Tara L. Kieffer, Ph.D., and Doug J. Bartels, Ph.D., for virology 
analyses; Sandra Abensohn and Pamela Ryley for statistical pro-
gramming; Concetta Marfella, Ph.D., for checking data accuracy 
and creating figures; and Mrudula Donepudi, Ph.D., for medical 
writing, editorial assistance, and coordination.

References

1.	 Hepatitis C. Geneva: World Health Or-
ganization, 2011. (http://www.who.int/
vaccine_research/diseases/hepatitis_c/en/.)
2.	 Bruno S, Stroffolini T, Colombo M, et 
al. Sustained virological response to inter-
feron-alpha is associated with improved 
outcome in HCV-related cirrhosis: a retro-
spective study. Hepatology 2007;45:579-87.
3.	 Morgan TR, Ghany MG, Kim HY, et al. 
Outcome of sustained virological respond-
ers with histologically advanced chronic 
hepatitis C. Hepatology 2010;52:833-44.

4.	 Fried MW, Shiffman ML, Reddy KR, 
et al. Peginterferon alfa-2a plus ribavirin 
for chronic hepatitis C virus infection.  
N Engl J Med 2002;347:975-82.
5.	 Manns MP, McHutchison JG, Gordon 
SC, et al. Peginterferon alfa-2b plus ribavi-
rin compared with interferon alfa-2b plus 
ribavirin for initial treatment of chronic 
hepatitis C: a randomised trial. Lancet 
2001;358:958-65.
6.	 Hézode C, Forestier N, Dusheiko G, et 
al. Telaprevir and peginterferon with or 

without ribavirin for chronic HCV infec-
tion. N Engl J Med 2009;360:1839-50.
7.	 McHutchison JG, Everson GT, Gordon 
SC, et al. Telaprevir with peginterferon 
and ribavirin for chronic HCV genotype 1 
infection. N Engl J Med 2009;360:1827-38. 
[Erratum, N Engl J Med 2009;361:1516.]
8.	 Jacobson IM, McHutchison JG, Dush-
eiko G, et al. Telaprevir for previously un-
treated chronic hepatitis C virus infec-
tion. N Engl J Med 2011;364:2405-6.
9.	 Kieffer TL, Sarrazin C, Miller JS, et al. 

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV & LANDESBIBLIOTHEK DUSSELDORF on December 9, 2013. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



n engl j med 365;11  nejm.org  september 15, 20111024

Response-Guided Treatment for hcv

Telaprevir and pegylated interferon-alpha-
2a inhibit wild-type and resistant geno-
type 1 hepatitis C virus replication in pa-
tients. Hepatology 2007;46:631-9.
10.	 Conjeevaram HS, Fried MW, Jeffers LJ, 
et al. Peginterferon and ribavirin treat-

ment in African American and Caucasian 
American patients with hepatitis C geno-
type 1. Gastroenterology 2006;131:470-7.
11.	 Zeuzem S, Sulkowski MS, Zoulim F, 
et al. Long-term follow-up of patients 
with chronic hepatitis C treated with tela-

previr in combination with peginterferon 
alfa-2a and ribavirin: interim analysis of 
the EXTEND study. Hepatology 2010;52: 
Suppl 1:436A. abstract.
Copyright © 2011 Massachusetts Medical Society.

Fall Birches	 C. Steven Wolf, M.D.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV & LANDESBIBLIOTHEK DUSSELDORF on December 9, 2013. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 


