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Abstract

Retreatment with peginterferon alfa and ribavirin (PR) offers a limited chance of
sustained virologic response (SVR) in patients who did not achieve SVR with
prior PR treatment. This study evaluated safety and efficacy of telaprevir-based
treatment in combination with PR in well-characterized patients who did not
achieve SVR in the control arms of 3 Phase Il clinical trials. Patients eligible to
enroll in this open-label nonrandomized study either met on-treatment criteria for
nonresponse or relapsed after 48 weeks of treatment in the control arm of the 3
Phase Il PROVE studies. The initial protocol was a 24-week regimen: 12 weeks
of telaprevir and PR followed by an additional 12 weeks of PR. During the study,
the protocol was amended to extend PR to 48 weeks for patients with previous
null response. All other patients with undetectable HCV RNA at weeks 4 and 12
received 24 weeks of therapy. Those with detectable HCV RNA at weeks 4 or 12
received a total of 48 weeks of therapy. Overall SVR rate was 59% (69/117).
SVR rates with T12PR were 37% (19/51) in prior null responders, 55% (16/29) in
prior partial responders, 75% (6/8) in prior breakthroughs, and 97% (28/29) in
prior relapsers. The overall relapse rate was 16% (13/83). Adverse events were
similar to those in previous trials with telaprevir, with 9% of patients discontinuing
due to an adverse event (most commonly rash and anemia). CONCLUSION:
This study demonstrated the benefit of retreatment with a telaprevir-based
regimen for patients with well-characterized nonresponse (null and partial) or

relapse to a prior course of PR treatment.



Hepatitis C virus (HCV) infects more than 170 million people worldwide and is the
leading cause of cirrhosis and hepatocellular carcinoma in Western countries.'?
For the past decade, the standard of care treatment regimen for chronic hepatitis
C (CHC) has been the combination of peginterferon alfa and ribavirin.®** Although
very effective in patients with genotype 2 and 3 infection, peginterferon alfa and
ribavirin leads to sustained virologic response (SVR) in 40% to 52% of patients
with genotype 1 infection.>® For the many patients who have not responded to
peginterferon alfa and ribavirin, options have been limited. Current society
guidelines have recommended individualizing decisions on retreatment but have
not supported broad retreatment due to the low likelihood of response in
nonresponders and the high rate of additional relapse in prior relapsers.>*” The
deficiencies in the current therapeutic regimen have led to the pursuit of
alternative drug targets working through different mechanisms of action.
Telaprevir is an inhibitor of the nonstructural 3/4A (NS3/4A) HCV protease. In
various clinical trials, this drug has demonstrated increased SVR rates when
given in combination with peginterferon alfa and ribavirin in treatment-naive and
previously treated patients, as compared with peginterferon alfa and ribavirin.®*°
The present study was initially designed as a rollover protocol to offer telaprevir
to the patients in the control arms of the previous Phase Il telaprevir studies for
those who had not achieved SVR. This approach offered the opportunity to
further characterize the safety and efficacy of telaprevir in combination with
peginterferon alfa-2a and ribavirin among genotype 1 patients who failed to
achieve SVR with prior treatment. An earlier reported Phase Il study of telaprevir
in previously treated patients relied on historical records to define the prior
response.*® In contrast, by enrolling patients from the control groups of recent
clinical trials within the telaprevir program, the present study provided the
opportunity to evaluate the efficacy of retreatment with a telaprevir-based
regimen in patients with well-characterized interferon responsiveness to prior

treatment



Methods

Trial Design. The study was initially designed to provide access to telaprevir to
patients who did not achieve SVR in the control arms (placebo plus peginterferon
alfa-2a and ribavirin) of the Phase Il studies of telaprevir combination therapy.®*°
This open-label, nonrandomized study in patients with chronic genotype 1 HCV
infection evaluated the outcomes of treatment with telaprevir-based regimen in
these patients with well-characterized prior response to peginterferon alfa-2a and
ribavirin. Comparisons between groups defined by prior response or between

24- and 48-week regimens were not study objectives.

Patients. In this rollover study, patients were enrolled at 28 sites in the United
States, Puerto Rico, Canada, France, Germany, Austria, and the United
Kingdom. Patients from 3 Phase Il parent studies (PROVE1, PROVE 2, and
PROVE3)®° with genotype 1 hepatitis C infection were enrolled, but patients
with decompensated liver disease and co-infection with hepatitis B or human
immunodeficiency virus were excluded. The parent studies evaluated the safety
and efficacy of telaprevir in combination with peginterferon alfa-2a and ribavirin in
treatment-naive patients (PROVE 1 and PROVEZ2) or in patients who had not
achieved SVR with prior peginterferon and ribavirin treatment (PROVE3).

Patients were categorized according to previous treatment response to
peginterferon alfa-2a and ribavirin as prior null response (less than a 1 logio
decrease in HCV ribonucleic acid (RNA) at week 4 or less than a 2 logio
decrease in HCV RNA at week 12 in parent study); prior partial response (greater
than a 2 log;o decrease in HCV RNA at week 12 but detectable HCV RNA at
week 24 in parent study); prior viral breakthrough (detectable HCV RNA after
achieving undetectable HCV RNA during treatment in parent study); and prior
relapse (undetectable HCV RNA at end of treatment but detectable HCV RNA

within 24 weeks of stopping treatment in parent study).



Eligible patients also had to have an absolute neutrophil count of at least 1,500
per cubic milliliter, platelet count of at least 90,000 per cubic milliliter, and normal

hemoglobin.

Interventions. All patients received telaprevir (Vertex Pharmaceuticals,
Cambridge, MA) in combination with peginterferon alfa-2a 40 kD (Pegasys,
Roche, Nutley, NJ) and ribavirin (Copegus, Roche, Nutley, NJ) for 12 weeks,
followed by peginterferon alfa-2a and ribavirin. Telaprevir was administered at a
dose of 750 mg every 8 hours. Peginterferon alfa-2a was administered at a dose
of 180 ug each week subcutaneously. Ribavirin was administered twice daily at a
dose of 1,000 mg/day for patients weighing less than 75 kg and a dose of 1,200
mg/day for patients weighing 75 kg or more. Growth factors including

erythropoiesis-stimulating agents were prohibited during the course of the study.

In the initial study design, patients received a 24-week regimen with 12 weeks of
peginterferon alfa-2a, ribavirin, and telaprevir followed by 12 more weeks of
peginterferon alfa and ribavirin. Results from the Phase Il prior nonresponder
study™® and preliminary findings from this study led to an amendment in the
peginterferon alfa and ribavirin treatment duration according to prior treatment
response. In the amended protocol, patients with prior null response to
peginterferon alfa-2a and ribavirin would receive 12 weeks of triple combination
therapy with peginterferon alfa 2a, ribavirin, and telaprevir followed by 36 more
weeks of peginterferon alfa-2a and ribavirin. For patients who experienced prior
partial response, viral breakthrough or relapse, the duration of their treatment
regimen was determined by their viral response during the first 12 weeks of triple
combination therapy with telaprevir. If patients from these groups achieved

extended rapid virologic response (eRVR, defined as undetectable HCV RNA at



weeks 4 and 12) with the triple combination, they would complete a 24-week
course with 12 more weeks of peginterferon alfa-2a and ribavirin alone. If
patients from these groups did not achieve eRVR with the triple combination,
they would complete a 48-week course with 36 more weeks of peginterferon alfa-
2a and ribavirin. Prior to the protocol amendment, 18 prior null responder
patients completed just 24 weeks of therapy; 6 patients did give their consent to
the amended protocol but declined treatment extension or did not receive 48
weeks of treatment; and the 27 remaining prior null responder patients were

treated under the extended treatment protocol.

Outcomes. Patients were assessed weekly during the first 4 weeks of treatment
and then every 4 weeks until the end of the 24- or 48-week treatment course.
Following the completion of therapy, patients were evaluated 14 days after the
last dose of medication and then at weeks 4, 12, 24, and 48. Safety assessments
were conducted through monitoring of adverse events, physical examinations,
and review of hematologic and serum chemistry laboratory measurements.
Plasma HCV RNA levels were measured at each study visit using the COBAS
TagMan HCV test, Version 2.0 (lower limit of quantitation 25 1U/mL). Stopping
rules were developed to discontinue patients in the event of viral breakthrough
and to prevent the continuation of treatment in patients who were unlikely to have
a response to continued therapy. Viral breakthrough was defined as an increase
in HCV RNA of greater than 1 log;o compared with the nadir value or HCV RNA
>100 IU/mL in a patient who was previously undetectable. The stopping rules
were altered during the study based upon ongoing review of the Phase Il
studies.®® The initial stopping rules specified that patients would discontinue if
week 4 plasma HCV RNA was greater than 25 IU/mL, or if the reduction in week
12 HCV RNA was less than 2 logio compared to baseline. In the amended
protocol, patients would discontinue if plasma HCV RNA was greater than 100
IU/mL at week 4. Patients with HCV RNA values between 25 and 100 IU/mL had
repeat testing within 4 weeks and would discontinue if the repeat HCV RNA



value was greater than 100 IU/mL. Patients would also discontinue treatment at
week 12 if plasma HCV RNA was greater than 25 IU/mL or if less than 25 IU/mL
but detectable by limit of detection.

The study sponsor, Vertex Pharmaceuticals, and the principal investigators were
jointly responsible for study design, protocol development, study coordination,
and drafting and review of the manuscript. A study publication committee,
consisting of a majority of academic authors, agreed on a plan to submit the
manuscript for publication. Authors had access to the data, participated in the
analysis, and contributed to the writing of the manuscript. The protocol was
approved by the regulatory authorities for all participating countries and the
institutional review boards for all study centers. The study was performed
according to Good Clinical Practice Guidelines. All patients provided written

informed consent before study participation.

Statistical Analysis. No formal sample size calculation was performed for this
study given the initial goal to provide access to telaprevir for patients in the
control arms of the original studies in which they had participated. The analysis
included data for all patients who received at least one dose of study drugs. The
primary endpoint was the proportion of patients with undetectable plasma HCV
RNA 24 weeks after the completion of treatment (SVR). Although the protocol
was amended to provide extended duration of treatment, the protocol was not
designed to compare outcomes in the groups with different durations of
treatment. All statistical analyses were performed using the validated Version
9.1.3 of the SAS® System (SAS Institute Inc., Cary, NC).

Results



Patient Characteristics. Between October 2007 and November 2008, 117
patients were enrolled and received at least one dose of the study drug regimen
as outlined in Fig. 1. Of the 117 patients, 35 (30%) had been previously enrolled
in the Phase Il treatment-naive PROVE1 and PROVE?2 trials, and 82 (70%) had
been enrolled in the Phase Il trial of treatment-experienced patients PROVES3.
Most of the patients in this study therefore had previously received at least 2
courses of treatment. The mean time elapsed between the end of the prior
treatment course in the parent study and enrollment in the current protocol was 7
months with a range from 1 to 17 months. No specified wash-out period was

required.

Baseline characteristics of the patients are detailed in Table 1, according to prior
treatment response. Of the patients with prior null response, the majority (21/24
patients in the 24-week treatment arm and 24/27 patients in the 48-week
treatment arm) had less than a 1 log;o decrease in HCV RNA at week 4 in their
prior course of treatment. The remaining six patients had greater than a 1 logio
decrease in HCV RNA at week 4 but less than a 2 log;o decrease in HCV RNA at
week 12 in their parent study. The protocol amendment that altered treatment
duration had the greatest impact on patients with null response so these patients
are listed according to the 24- or 48-week treatment course. Most patients were
male (69%) and Caucasian (91%) with HCV RNA =800,000 IU/mL at baseline
(83%) and genotype 1a infection (59%). More than a third of the patients had
bridging fibrosis (29%) or cirrhosis (9%).

Patient Disposition. Fig. 1 describes the patient disposition throughout the
study. Treatment duration was altered during the study based upon findings from
ongoing studies with telaprevir.2? In the initial pre-amendment phase of

enrollment, all patients received the 24-week regimen regardless of prior
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treatment response. In the latter post-amendment phase, prior null responders
and other patients not achieving eRVR received the 48-week regimen. In
addition, nine patients (six prior null responders, one prior partial responder, and
two prior relapsers) consented to the amendment, but declined treatment
extension or did not receive 48 weeks of treatment. As a result, there were 24
patients with prior null response who received the 24-week regimen. Two
patients (one prior partial responder and one prior relapser) discontinued
treatment prior to week 12 due to adverse events and therefore were not

assessed for eRVR status or assigned to a 24- or 48-week treatment regimen.

A total of 79 patients (68%) completed treatment and 38 (32%) discontinued
treatment prematurely. The most frequent reasons for premature treatment
discontinuation were protocol-defined stopping rules (26 [22%]) and adverse
events (10 [9%)]).

Efficacy Outcomes. Table 2 reports the rates of undetectable HCV RNA levels
during and after treatment, according to the prior treatment response and by
baseline predictor variables. The overall rate for the primary endpoint of SVR
was 59% (69/117). The SVR rate was highest among patients who previously
relapsed (97%), followed by the prior viral breakthrough patients (75%), and prior
partial response patients (55%). Among prior null responders, the overall SVR
rate was 37% (19/51) with 56% (15 of 27 patients) in the 48-week treatment
group and 17% (4 of 24 patients) in the 24-week treatment group. This difference
in response was observed as early as 4 weeks of treatment, when 59% were
undetectable in the 48-week treatment group compared with 21% in the 24-week

treatment group.
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Discontinuations due to the week 4 stopping rule were more frequent in patients
assigned to the 24-week regimen (eight patients, 10%) than in those assigned to
the 48-week regimen (one patient, 3%). As previously mentioned, the week 4
stopping rule was amended during the course of the study following review of
data from the Phase Il studies.®° The original week 4 stopping rule called for
patients to discontinue treatment if the week 4 plasma HCV RNA level was >25
IU/mL, whereas the amended rule called for discontinuation if the week 4 plasma
HCV RNA level was >100 IU/mL. Treatment was also discontinued if the level
was between 25-100 IU/mL upon initial testing and >100 IU/mL upon repeat
testing within 4 weeks. To assess whether the higher frequency of
discontinuations in patients who received the 24-week regimen compared to
patients who received the 48-week regimen was attributable to the above
changes in week 4 stopping rules, an analysis was conducted to determine the
number of subjects in each treatment group who had their week 4 stopping rule
assessed prior and after rule change. All eight patients in the 24-week group who
discontinued treatment due to their week 4 HCV RNA levels had levels 225
IU/mL and six of the eight patients had levels >100 IU/mL at week 4 or had levels
<100 IU/mL but had a confirmatory values of at least 100 IU/mL. The difference
was therefore not attributable to the changes in the week 4 stopping rules during

the study.

The SVR rates are reported for patients in each group according to known
predictors of response including baseline viral load genotype 1a and 1b, fibrosis,
and others as shown. Most patients experiencing relapse were prior null and
partial responders. Relapse at or before week 24 of follow-up did not occur in the
patients with prior viral breakthrough and occurred in only one patient with prior
relapse. Of the 64 patients who completed the full course of treatment and
achieved SVR at follow-up week 24 (so called completers), 63 returned for
assessment and all demonstrated durable SVR. On-treatment virologic failure is

depicted in Fig. 2. In summary, 11 of the 15 cases of viral breakthrough occurred
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in patients with previous null response, and seven of the 15 occurred during the

first 12 weeks of retreatment that included telaprevir.

Safety. Adverse events reported in more than 10% of the patients are reported in
Table 3. The safety profile was similar to that observed in the earlier Phase Il
studies. Rash and pruritus have been more common in patients treated with
telaprevir in previous trials, and these were again observed. Rash occurred in 32
(27%) patients during the first 12 weeks of treatment, that included telapreuvir,
and in five additional patients during the latter phase with peginterferon alfa-2a
and ribavirin. Using a variety of descriptive terms to identify all dermatologic
events, rash events occurred in 50 (43%) of patients during the telaprevir phase
and in six additional patients in the latter phase. Severe rash events were
reported in six (5%) patients, all of these events occurred during the first 12
weeks of treatment and resolved after treatment discontinuation. Pruritus
occurred in 41 (35%) patients during the telaprevir treatment phase and four
additional patients after the telaprevir treatment phase during treatment with
peginterferon alfa-2a and ribavirin alone. Changes in laboratory values during the
study were generally consistent with those reported in association with
peginterferon alfa-2a and ribavirin. Decreases in hemoglobin levels, increases in
uric acid levels and increases in total bilirubin levels were more common during

the telaprevir treatment phase.

Adverse events led to discontinuation of all study drugs in 10 (9%) patients and
eight (7%) patients during the telaprevir treatment phase. The adverse events
leading to discontinuation in 2 or more patients were rash events (six) including
pruritus (two), anemia (two), and pyrexia (two). One rash event was reported as
drug rash with eosinophilia and systemic symptoms (DRESS) with onset at day
56 of treatment and leading to hospitalization for 1 week. Study medications were

discontinued, and the patient fully recovered but did not achieve SVR. Other
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adverse events reported in one patient who permanently discontinued treatment
were urticaria, lymphadenopathy, pancytopenia, asthenia, face edema, injection-
site rash, peripheral edema, pain, infectious bursitis, dehydration, hypokalemia,
costochondritis, headache, pleurisy, and hypotension. Two patients had adverse
events leading to discontinuation of all study drugs during treatment with
peginterferon alfa-2a and ribavirin alone, and the adverse events reported were

fatigue, rhabdomyolysis, and depression.



14

Discussion

In this study, retreatment with telaprevir-based regimen in carefully characterized
patients who have previously failed treatment with peginterferon alfa and ribavirin
in the setting of a controlled clinical trial yielded higher SVR rates than historically
observed with peginterferon and ribavirin. This trial provided the unique
opportunity for patients to receive treatment from the same providers with the
same doses of peginterferon alfa-2a and ribavirin with only one major change,
the addition of telaprevir to their treatment regimen.

In other respects, the findings were similar to the previously reported Phase Il
studies with telaprevir. Discontinuation due to an adverse event occurred in 9%
of patients in the study, and the most common reason for discontinuation was
rash. The efficacy results are similar to those in the recently reported Phase I
study of telaprevir in previously treated patients, but one advantage was that
these patients were well-characterized due to their prior enrollment in trials in the
telaprevir program.®° In the recent Phase Il retreatment study, the response rate
for prior nonresponders was 38% to 39% in the treatment arms with telaprevir.*
In this study, nonresponder patient SVR rates are reported with more detailed
categorization as prior null responders (37%), prior partial responders (55%), and
prior breakthrough (75%). The SVR rate for prior relapsers was 97% with just
one patient experiencing relapse again. Relapse occurred in 16% of patients in
whom HCV RNA was undetectable at the end of treatment, and 12 of the 13
cases occurred in prior null responders or prior partial responders. Similarly,
eleven of the 15 cases of viral breakthrough occurred in patients with prior null
response. This detailed understanding of the previous virologic response could
help guide clinicians when thinking about a patient’s prior response pattern and

determining the potential benefit from retreatment with a telaprevir regimen.
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Within each prior treatment group, we also reported response rates according to
racial group and degree of fibrosis, but the results should be interpreted with
caution given the small sample sizes. However, each subgroup demonstrated
encouraging response rates compared with historical controls of retreatment with
standard of care with the exception of the prior null responders in the 24-week

treatment arm. *°

Because of ongoing findings from a number of studies with telaprevir, the
approach to treatment duration was altered during this study.®® Most patients
completed the original planned 24 weeks of treatment. The main impact of this
amendment was on the prior null responder group, where 53% completed 48
weeks of treatment. The 48-week treatment group SVR was 56% while the 24-
week treatment group SVR was 17%, but statistical comparisons cannot be
made between these groups as this was not a prospective plan with
randomization. Interestingly, this difference in treatment response was observed
already at week 4 of treatment when the patients were receiving the same
regimen. We therefore cannot conclude that treatment duration was a key
contributor to this observed difference. In examining the baseline characteristics
of these prior null response patients, no obvious factor explains these varied

responses among the two treatment groups.

In conclusion, this study demonstrated the benefit of retreatment with a
telaprevir-based regimen for a broad range of well characterized patients who
previously failed HCV treatment including prior null responders. Adverse events
were similar to those in previous trials with telaprevir, with 9% of patients
discontinuing due to an adverse event (most commonly rash, pruritus and

anemia).
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FIGURE LEGENDS

Fig. 1. Disposition and Sustained Virologic Response (SVR) among study
patients

117 patients were enrolled and received at least one dose of study drugs.
*Patients with prior null response to peginterferon alfa-2a and ribavirin would
receive 12 weeks of triple combination therapy with peginterferon alfa-2a,
ribavirin, and telaprevir followed by 36 more weeks of peginterferon alfa-2a and
ribavirin. For patients who experienced prior partial response, viral breakthrough
or relapse, the duration of their treatment regimen was determined by their viral
response during the first 12 weeks of triple combination therapy with telaprevir. If
patients from these groups achieved extended rapid virologic response (eRVR,
defined as undetectable HCV RNA at weeks 4 and 12) with the triple
combination, they would complete a 24-week course with 12 more weeks of
peginterferon alfa-2a and ribavirin alone. If patients from these groups did not
achieve eRVR with the triple combination, they would complete a 48-week
course with 36 more weeks of peginterferon alfa-2a and ribavirin.

Fig. 2. Virologic failure on treatment

Bars represent the number (percentage) of patients in the different treatment
groups who experienced virologic failure on treatment.
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