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Abstract
The efficacy, tolerability, and safety of the prophylactic treatment of hepatitis C virus (HCV) after
liver transplantation (LT) with peginterferon alfa-2a and ribavirin are not known. LT recipients
with HCV were randomized to peginterferon alfa-2a/ribavirin treatment or observation 10 to 26
weeks post-LT. Prophylaxis patients received peginterferon alfa-2a (135 μg/week for 4 weeks and
then 180 μg/week for 44 weeks) plus ribavirin (the initial dose of 400 mg/day was escalated to
1200 mg/day). Observation patients received the same regimen only upon significant HCV
recurrence (histological activity index ≥ 3 and/or fibrosis score ≥ 2). The primary endpoint was the
proportion of patients with histological evidence of significant HCV recurrence 120 weeks after
randomization. In all, 115 patients were randomized (prophylaxis arm, n = 55; observation arm, n
= 60). Sustained virological response was achieved by 12 of 54 prophylaxis patients (22.2%) and
by 3 of 14 observation patients who switched to treatment (21.4%). On an intent-to-treat basis,
significant HCV recurrence at 120 weeks was similar in the prophylaxis (61.8%) and observation
arms (65.0%, P = 0.725). The patient and graft survival rates and the rates of biopsy-proven acute
cellular rejection were similar in the 2 study arms. Approximately 70% of the treated patients in
both arms had at least one dose reduction for safety reasons. The most common adverse event
leading to treatment withdrawal was anemia. Because of the safety profile of peginterferon
alfa-2a/ribavirin and the lack of a clear benefit in terms of HCV recurrence and patient or graft
survival, this study does not support the routine use of prophylactic antiviral therapy.

End-stage liver disease due to hepatitis C virus (HCV) is the most common indication for
liver transplantation (LT) in the United States and Europe.1,2 HCV recurrence post-LT is
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essentially universal.3 Although the natural history of HCV infection varies substantially
among recipients, allograft failure secondary to HCV recurrence accounts for two-thirds of
graft failures and deaths.2 LT recipients with HCV have reduced 5-year graft and patient
survival rates in comparison with HCV-negative recipients.2 Thus, with a growing demand
for LT and an increasing shortage of organs, there is a need to improve the strategies for
managing HCV recurrence post-LT.

Although peginterferon/ribavirin antiviral therapy is common post-LT, no large, well-
controlled clinical trials have determined the optimal approach to treating HCV recurrence.
Reported approaches include the initiation of antiviral therapy before LT (pretransplant
treatment),4 very early after LT (preemptive treatment),5 before the occurrence of significant
allograft injury (prophylactic treatment), or for established HCV recurrence post-LT.6-18

Pretransplant therapy in patients with advanced liver disease is limited by reduced patient
tolerability and efficacy.4,19 Potential advantages of post-LT therapy include virus
eradication and the limitation of the histological effects of HCV infection on allograft
survival. Preemptive treatment within 3 weeks post-LT and treatment for HCV recurrence 6
to 60 months post-LT have been investigated with peginterferon alfa-2a monotherapy.5 The
sustained virological response (SVR) rates ranged from 8% to 12%, and 20% to 30% of the
patients withdrew prematurely. In immunocompetent patients, the addition of ribavirin to
interferon therapy significantly improves SVR, but it has been associated with increased
toxicity primarily due to hemolytic anemia.20 The risk of ribavirin-induced anemia is
compounded in post-LT patients by compromised renal function. Furthermore,
immunocompetent patients with minimal fibrosis respond better to antiviral therapy than
patients with advanced fibrosis.21 Therefore, the initiation of combination therapy with
peginterferon and ribavirin after the resolution of the initial post-LT hematological and
biochemical instability but before the onset of significant allograft fibrosis may improve the
virological response and delay HCV recurrence.

PHOENIX is a large, randomized study designed to compare the efficacy, tolerability, and
safety of an escalating-dose regimen of peginterferon alfa-2a plus ribavirin for 48 weeks in 2
situations: prophylactic initiation (before significant histological recurrence) within 26
weeks after LT and initiation upon HCV recurrence.

PATIENTS AND METHODS
Patients

Male and female patients who were 18 years old or older were eligible if they had
undergone LT because of HCV infection. Patients were required (1) to have HCV RNA
levels detectable by polymerase chain reaction before LT, (2) to have normal thyroid-
stimulating hormone levels, and (3) to undergo LT 10 to 26 weeks before randomization.
Patients with a pre-LT diagnosis of hepatocellular carcinoma were enrolled if they met the
Milan criteria.22 Tacrolimus and corticosteroids were used for primary immunosuppression.
If they were needed, cyclosporine, sirolimus, and mycophenolate mofetil were used
according to the institution’s practice and the patient’s circumstances. Growth factor use was
allowed at the investigator’s discretion. Mild acute cellular rejection (ACR) was treated with
either an upward adjustment of maintenance immunosuppression (including the addition of
mycophenolate mofetil) or escalating doses of corticosteroids. Exclusion criteria included
coinfection with human immunodeficiency virus or hepatitis B virus, multiorgan
transplantation or retransplantation, a cold ischemia time > 20 hours, evidence of ongoing or
unresolved rejection, steroid-resistant rejection or the use of OKT3, the use of T cell–
depleting therapies, a neutrophil count < 1500 cells/mm3, a white cell count > 20,000 × 109/
L, a hemoglobin level < 10 g/dL, and a platelet count < 50,000 cells/mm3. Patients who
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received a split/living related liver, a liver from a non–beating-heart donor, or a liver from
an HCV-positive donor were also excluded.

Study Design
This was a prospective, multicenter, open-label, randomized study. Potential patients were
screened at the study center before transplantation, and patients meeting the pretransplant
eligibility criteria were enrolled. At 10 to 26 weeks post-LT, enrolled patients without
significant histological recurrence were randomized in a 1:1 ratio with a central, interactive,
voice-activated response system to either the prophylaxis arm or the observation arm.
Prophylaxis patients were treated for 48 weeks with peginterferon alfa-2a (Pegasys, Roche,
Nutley, NJ) plus ribavirin (Copegus, Roche). Patients initially received peginterferon alfa-2a
at a dose of 135 μg/week for 4 weeks. The dose was then increased to 180 μg/week for 44
weeks (as tolerated). The initial dose of ribavirin was 400 mg/day, and this was increased by
200 mg every 4 weeks to a target dose of 1200 mg/day for patients weighing 75 kg or more
(1000 mg/day for patients weighing <75 kg). Observation patients were observed without
treatment for up to 48 weeks. However, observation patients meeting the predefined
endpoint of significant HCV recurrence were treated with the same antiviral regimen used
for prophylaxis patients.

The study duration was 120 weeks, and all treated patients had 24 to 72 weeks of treatment-
free follow-up. Assessments were performed in weeks 1, 2, 4, 8, 12, 24, 36, and 48 during
the 48-week treatment/observation period and in weeks 72 and 120 in the treatment-free
follow-up period.

The study was conducted in conformance with the principles of the Declaration of Helsinki
and with local laws and regulations. Institutional review boards of the participating sites
approved the protocol, and all participants provided written, informed consent. Roche
sponsored the trial and also collected and analyzed the data.

Study Endpoints
The primary endpoint was the proportion of patients with significant histological HCV
recurrence 120 weeks after randomization. Significant HCV recurrence was determined with
the Batts-Ludwig system23 and was defined as a histological activity index (HAI)
inflammation grade ≥ 3 and/or a fibrosis stage score ≥ 2. This degree of histological
recurrence is clinically relevant and should prompt treatment initiation.24,25

Secondary endpoints included the following: the proportion of patients who experienced
significant histological HCV recurrence during the 120 weeks after randomization; the HAI
grades and fibrosis scores 48 and 120 weeks after randomization; the biochemical response
rates (alanine aminotransferase); the virological response rates as measured by undetectable
HCV RNA levels at weeks 4, 12, 24 and 48 during treatment, and after 24 weeks of
treatment-free follow-up (SVR); the proportion of patients with biopsy-proven ACR, graft
loss, or death (as a combined endpoint); the time from randomization to the first occurrence
of biopsy-proven ACR, graft loss, or death; and the time from randomization to the first
histological evidence of HCV recurrence.

Histological Analysis
Biopsy was performed at screening and 120 weeks (108-120 weeks) after randomization in
all patients, and at 48 weeks (36-48 weeks) after randomization for prophylaxis patients and
observation patients receiving no treatment. Biopsy was also performed upon clinical
suspicion of HCV recurrence in observation patients. Biopsy samples were analyzed by a
local pathologist and a single central pathologist (Dr. Lawrence Burgart) at the Mayo
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Central Laboratory (Rochester, MN). The central pathologist was blinded to the patient’s
identity, the time point, and the treatment group. Biopsy specimens were assessed for
adequacy with respect to their length and width and the number of portal tracts. Biopsy
samples with no liver tissue were not read. Study analyses were based on the interpretation
of the central pathologist with the Batts-Ludwig system.23 All biopsy readings at the central
laboratory were performed in batches at the study’s completion.

HCV RNA and Genotype Determination
Serum HCV RNA levels were measured with the Roche HCV Quanta Sure Plus test (lower
limit of detection = 10 IU/mL), and the HCV genotypes were determined with a
commercially available assay (Roche Diagnostics, Branchburg, NJ) with some
modifications. Both were measured at a central laboratory.

Safety Assessments
There were 5 primary safety parameters: (1) biopsy-proven rejection (moderate or severe
biopsy-proven acute rejection as assessed by each center’s local pathologist), (2) depression
[Beck Depression Inventory, 2nd edition (BDI-II); total score ≥ 29],26 (3) anemia
(hemoglobin level < 8.5 g/dL), (4) grade 3 neutropenia (absolute neutrophil count = 0.5-0.75
× 109 cells/L) or grade 4 neutropenia (absolute neutrophil count < 0.5 × 109 cells/L), and (5)
any clinically significant infections requiring treatment. Secondary safety variables included
adverse events (AEs), serious adverse events (SAEs), discontinuations due to AEs and
SAEs, dose adjustments related to AEs and SAEs, laboratory parameters, and vital signs.

Statistical Analysis
The study was designed to enroll 300 patients; a 17% reduction in the proportion of patients
with HCV recurrence 120 weeks after randomization was assumed (α = 0.05, 80% power).
Except for changes from the baseline parameters, the primary efficacy endpoints and all
secondary efficacy endpoints were analyzed with the intent-to-treat (ITT) population (all
randomized patients). A predefined per protocol (PP) population was also used to assess
efficacy endpoints. Patients were not included in the PP population if they met any of the
following criteria: (1) a baseline biopsy sample with an HAI grade > 3 or a fibrosis score ≥
2, (2) no liver tissue in the biopsy specimen sent to the central pathologist, and (3) major
protocol violations (a pre-LT diagnosis of hepatocellular carcinoma outside the Milan
criteria, ongoing acute allograft rejection, or a history of immunologically mediated or
autoimmune disease). The safety population included all randomized patients who received
at least 1 dose of the study medication in the prophylaxis arm and had at least 1 postbaseline
safety assessment and all observation patients who had at least 1 postbaseline safety
assessment.

For primary and secondary efficacy analyses, the difference between the study arms was
assessed with the Cochran-Mantel-Haenszel general association test. Missing data were
treated as treatment failure (ie, a patient was presumed to have experienced HCV recurrence
if biopsy data were missing or was presumed to be a nonresponder if HCV RNA data were
missing). The Kaplan-Meier product limit method was used to estimate time-to-event
variables, and the log-rank test was used to compare time-to-event distributions between
study arms.

RESULTS
Study Patients and Analysis Populations

This study was conducted between October 2004 and October 2008 at 24 US study centers;
enrollment was ended early because of slow enrollment. Although 236 patients were
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screened before LT, 121 patients were excluded (48 patients did not meet the eligibility
criteria, 45 patients did not receive a transplant before the end of enrollment, 11 patients
died before transplantation, and 17 patients did not participate for other reasons). In all, 115
patients were included in the study: 55 prophylaxis patients and 60 observation patients (the
ITT population; Fig. 1). One prophylaxis patient withdrew consent before any study
medication was received. Fourteen observation patients were switched to treatment upon
HCV recurrence. The PP population included 47 prophylaxis patients, 54 observation
patients, and 13 observation patients who were switched to treatment. In all, 31 prophylaxis
patients, 36 untreated observation patients, and 7 observation patients who switched to
treatment completed the 48 week treatment/observation period. Unless stated otherwise, the
results for the ITT and PP populations were similar. In general, the baseline demographic
and disease characteristics were similarly distributed in the study arms (Table 1).

Primary Endpoint: Significant Histological HCV Recurrence
In the ITT analysis, 34 prophylaxis patients (61.8%) and 39 observation patients (65.0%)
were classified as having significant HCV recurrence at 120 weeks (P = 0.725; Table 2). The
majority of these patients were classified as having HCV recurrence because week 120
biopsy results were missing (25 of 34 prophylaxis patients with HCV recurrence and 32 of
39 observation patients with HCV recurrence). In the PP population, an analysis of treatment
completers showed that fewer prophylaxis patients experienced HCV recurrence (16.0%
versus 40.5%, P = 0.041) when any available postbaseline biopsy data were used rather than
only data falling within the week 120 window (Table 2). Table 2 also shows histological
recurrence in genotype 1 and non–genotype 1 patients. The times to first HCV recurrence
after randomization were similar in the 2 study arms (P = 0.178; Fig. 2).

Severity of Liver Disease
The changes from the baseline in HAI inflammation grades and fibrosis scores are shown in
Table 3. The changes in HAI grades at weeks 48 and 120 were similar in the 2 arms. The
change in fibrosis score at week 48 was lower for the prophylaxis patients (P < 0.038); at
week 120, the changes in fibrosis scores were similar in the 2 arms. Approximately half of
the patients in each study arm had missing HAI and fibrosis data at week 120 (this included
deaths and retransplants).

The median alanine aminotransferase levels before treatment initiation were 66.0 U/L
(18-754 U/L) in prophylaxis patients and 97.0 U/L (30-484 U/L) in observation patients who
switched to treatment. Twenty-one prophylaxis patients (38.9%) and 6 observation patients
who switched to treatment (42.9%) had a sustained biochemical response, which was
defined as normal serum alanine aminotransferase levels 24 weeks after the end of
treatment.

Virological Response
The virological response rates were similar for the prophylaxis patients and the observation
patients who switched to treatment (Fig. 3). Fifty percent of the patients in both arms
(prophylaxis, n = 27; observation, n = 7) achieved an early virological response (EVR;
undetectable HCV RNA levels or a ≥2 log decline at week 12). Overall, SVR was achieved
by 12 prophylaxis patients (22.2%) and 3 treated patients in the observation arm (21.4%).
The SVR rates were 18.6% and 33.3% for HCV genotype 1 and non–type 1 prophylaxis
patients, respectively, and 21.4% and 0% for HCV genotype 1 and non–type 1 observation
patients who switched to treatment, respectively.

An analysis of HCV recurrence by SVR in prophylaxis patients was limited by the high
proportion of patients with missing biopsy data (24/54) and missing HCV RNA data
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(19/54). There was no significant difference in HCV recurrence between SVR patients
(16.7% experienced HCV recurrence, and 66.7% did not) and non-SVR patients (17.4%
experienced HCV recurrence, and 52.2% did not).

ACR
Biopsy-proven ACR occurred between treatment weeks 24 and 36 in 3 prophylaxis patients
(5.6%) and between treatment weeks 3 and 10 in 3 observation patients (6.5%) who received
no treatment. No prophylaxis patients had more than 1 episode, and 1 observation patient
had 2 episodes. In addition, 5 prophylaxis patients and 9 observation patients had clinically
presumptive ACR. There were 3 cases of chronic rejection in the prophylaxis arm (between
weeks 26 and 36) and 1 case in the no-treatment observation arm (during week 2). Two of
the 4 cases were confirmed by the investigator, and 3 of the 4 cases were noted to have ACR
on the same or previous biopsy samples.

Safety and Tolerability: Drug Doses and AEs
The number of administered treatments and doses and the average doses of the study
medications were similar in the 2 study arms (Table 4). The majority of patients completed
36 weeks or more of peginterferon alfa-2a and ribavirin therapy. The average peginterferon
alfa-2a doses were 170 and 171 μg/week in the 2 treatment arms while the average ribavirin
doses were 671 and 631 mg/day, respectively. Peginterferon alfa-2a doses were reduced for
safety reasons in 70.4% and 64.3% of the patients in the 2 treatment arms and ribavirin
doses were reduced for safety in 72.2% and 71.4% of the patients, respectively.

At least 1 of the 5 primary safety events was experienced by 33 prophylaxis patients
(61.1%), 16 observation patients with no treatment (34.8%), and 12 observation patients
who switched to treatment (85.7%; Table 5). Treatment discontinuation due to AEs occurred
in 15 prophylaxis patients (27.8%) and in 5 observation patients who switched to treatment
(35.7%). The most common AE leading to treatment withdrawal was anemia (13.0% of
prophylaxis patients and 21.4% of observation patients who switched to treatment).

Overall, AEs were reported in 100% of the prophylaxis patients and 97% of all observation
patients. (Table 6). Treatment-related AEs were reported in 52 prophylaxis patients (96.3%)
and in 13 observation patients who switched to treatment (92.9%). The most common
treatment-related AEs were anemia, fatigue, headache, and neutropenia. Among treated
patients, the AE frequencies were similar, except for a higher rate of anemia in prophylaxis
patients. The mean and median changes in the total BDI-II scores from the baseline to
postbaseline assessments were similar in the 2 study arms.

Five deaths were reported for the prophylaxis arm, and all but 1 death occurred more than 30
days after the discontinuation of the study treatment. One patient died of a cerebrovascular
hemorrhagic stroke during treatment, and this was attributed by the investigator to
preexisting hypertension. The deaths of the patients who received study treatment were
considered unrelated to the study medication. All 3 patients in the observation arm who died
had received no study treatment.

Hemoglobin concentrations decreased to <10.0 g/dL in 40 prophylaxis patients (74%) and in
6 observation patients who switched to treatment (43%). Neutrophil counts decreased to
<0.5 × 109/L in 5 prophylaxis patients (9%) and in 2 observation patients who switched to
treatment (14%). Platelet counts decreased to <50 × 109/L in 14 prophylaxis patients (26%)
and in 2 observation patients who switched to treatment (14%).

In all, 38 prophylaxis patients (69%), 2 observation patients with no treatment (4%), and 9
observation patients who switched to treatment (64%) received epoetin/darbepoetin alfa.
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Filgrastim/pegfilgrastim was used in 28 prophylaxis patients (51%), 1 observation patient
with no treatment (2%), and 5 observation patients who switched to treatment (36%). In all,
11 prophylaxis patients (20%), 3 observation patients with no treatment (7%), and 1
observation patient who switched to treatment (7%) received transfusions with packed red
blood cells.

DISCUSSION
PHOENIX compared 2 approaches to managing post-LT HCV infection: (1) treatment
initiation within 6 months post-LT before significant histological injury occurs and (2)
observation until histological HCV recurrence is demonstrated. Therapeutic goals included
the achievement of SVR, the reduction of the severity of allograft hepatitis, and
improvements in patient and graft survival while treatment-related AEs were minimized.
Even though the target enrollment was not met, this study is the largest randomized
controlled trial investigating the efficacy of peginterferon/ribavirin therapy post-LT. It
highlights the many difficulties encountered when HCV is being treated post-LT.
Previously, only 41% of patients undergoing transplantation were eligible for preemptive
therapy (initiation very early post-LT).27 This was attributed to postoperative complications
such as cytopenias, renal insufficiency, infections, and debilitation. Delaying treatment in
our study up to 6 months post-LT did not significantly increase the number of patients who
were eligible for treatment. Despite growth factor use and a dose escalation protocol, anemia
and neutropenia remained significant barriers to treatment; few patients were able to tolerate
the low ribavirin doses used in this treatment protocol. Thus, the first important finding of
this study is that peginterferon/ribavirin antiviral therapy can benefit only a minority of LT
recipients in the early postoperative period.

Overall, our results are broadly comparable with the results of a pooled analysis of 21
studies, which reported that two-thirds of patients required dose reductions and one-quarter
discontinued treatment early.28 In our study, only 65% of the patients were able to complete
therapy and approximately 25% and 50% of the patients had missing biopsy results at weeks
48 and 120, respectively. Although our experience was disappointing, these results are
similar to those reported for a smaller randomized controlled trial in which prophylaxis
treatment was initiated 6 to 60 months post-LT.5

The histological changes observed in this study deserve detailed consideration. In the ITT
analysis, we observed similar rates of histological HCV recurrence at 120 weeks (primary
endpoint) in the prophylaxis arm (61.8%) and the observation arm (65.0%, P = 0.725).
These rates are broadly similar to previous findings.15,27 In our ITT analysis, patients with
missing biopsy data (eg, due to a withdrawal of consent, loss to follow-up, death,
retransplantation, or samples inadequate for interpretation) were presumed to have met the
criteria for histological HCV recurrence. For more than two-thirds of the patients with HCV
recurrence at 120 weeks (25 prophylaxis patients and 32 observation patients), the diagnosis
was based on missing biopsy data rather than observed recurrence. Thus, the HCV
recurrence rates in the ITT analysis were substantially greater than the observed recurrence
rates in both study arms. A possible histological benefit of prophylaxis is suggested by one
of the secondary endpoints. Compared with observation patients, prophylaxis patients had
significantly lower mean HAI grades and less fibrosis progression at the end of the treatment
period. However, the difference was lost by week 120 of follow-up. Furthermore, among
prophylaxis and observation patients who completed their assigned treatment, the rates of
histological HCV recurrence were 16.0% and 40.5%, respectively (P = 0.041). The
difference in the observed proportions of patients with histological recurrence of HCV was
greater than the 17% difference initially targeted as clinically important for the study. This
suggests that there is a benefit to prophylactic therapy (as difficult as it is to achieve), and
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the lower than intended enrollment and the missing data may have led to a type II error.
Overall, these results suggest that prophylactic treatment with the currently available
antiviral agents is unlikely to meaningfully reduce the impact of HCV recurrence on post-LT
outcomes. An earlier randomized controlled trial of peginterferon alfa initiated in the first
postoperative month as prophylaxis for HCV was similarly handicapped by a low frequency
of eligible recipients and also by low efficacy (SVR rate = 7%).5 Because of this, our study
was initiated between postoperative weeks 10 and 26. Despite this, we also found many
patients who were not eligible for, did not tolerate, or did not respond to peginterferon/
ribavirin therapy in the early postoperative period. A more tolerable and effective treatment
for HCV infection is needed. Until such treatments are available, a case can be made for
administering peginterferon/ribavirin therapy only to recipients with histological recurrence.

Our study also measured several secondary endpoints. On an ITT basis, SVR rates were low
in both study arms: 22.2% and 21.4% in the prophylactic arm and the treatment upon
recurrence arm, respectively. Although a higher SVR rate of 33% was reported in a
randomized controlled trial of peginterferon alfa-2a/ribavirin treatment for established HCV
recurrence,6 another study reported a lower rate of only 8%.5 A review of retrospective
peginterferon-based studies for HCV recurrence29 found an overall SVR rate of
approximately 33%. The low SVR rate observed in our study may reflect the assumption
that all patients missing HCV RNA data were nonresponders (19 of 54 prophylaxis patients
and 5 of 14 treated observation patients). Because of the high probability that some of the
patients with missing data achieved SVR, it is almost certain that our ITT SVR rates
underestimate the actual SVR rate. In the nontransplant setting, RVR and EVR are highly
predictive of SVR.30,31 Initial virological responses may predict SVR in the posttransplant
setting.6 In the current study, 50% of patients achieved EVR in both arms. The lower EVR
rates in comparison with the rates in previous studies could also have contributed to the
relatively low SVR rates in this study.

An important concern with the use of interferon in LT recipients is the risk of acute and
chronic rejection. Alloimmune hepatitis may also occur with post-LT antiviral therapy,
typically after HCV RNA clearance.12,32 Although we observed late ACR, no difference
was observed in the rates of ACR between prophylaxis patients and untreated observation
patients; similar rates for chronic rejection were also observed.

In conclusion, the results from this study do not support the routine use of prophylactic
therapy in the management of recurrent HCV infection. One of the confirmatory findings of
this comparatively large randomized study is that the treatment of HCV recurrence early in
the post-LT setting is difficult. Novel antiviral therapies currently in development, such as
the directly acting antivirals telaprevir and boceprevir, are expected to be major therapeutic
options for HCV patients. However, because these molecules increase the frequency of AEs
in combination with peginterferon and ribavirin, the treatment of post-LT HCV infections in
the early postoperative period will remain difficult at least in the medium term.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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AE adverse event

BDI-II Beck Depression Inventory, 2nd edition
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EVR early virological response

HAI histological activity index

HCV hepatitis C virus

ITT intent-to-treat

LT liver transplantation

PP per protocol

RVR rapid virological response

SAE serious adverse event

SD standard deviation

SVR sustained virological response
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Figure 1.
Overview of the study and its subjects. Patients were randomized 10 to 26 weeks post-LT to
receive peginterferon alfa-2a/ribavirin therapy either prophylactically or upon observation of
HCV recurrence. The study duration was 120 weeks: prophylaxis patients received 48 weeks
of treatment and 72 weeks of follow-up, observation patients who received no treatment
received 48 weeks of observation and 72 weeks of follow-up, and observation patients who
switched to treatment received 0 to 48 weeks of observation followed by 48 weeks of
treatment and 24 to 72 weeks of follow-up.
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Figure 2.
Kaplan-Meier estimates of the time to first HCV recurrence after randomization (the ITT
population). P = 0.178 (log-rank test comparing survival curves between the prophylaxis and
observation arms).
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Figure 3.
Virological responses in prophylaxis patients and in observation patients who switched to
treatment (the ITT population). RVR was defined as undetectable HCV RNA after 4 weeks
of treatment, cEVR was defined as undetectable HCV RNA after 12 weeks of treatment, and
SVR was defined as undetectable HCV RNA 24 weeks after the end of treatment. *Before
receiving any study medication, 1 prophylaxis patient withdrew consent.
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TABLE 1

Patient Demographics and Clinical Characteristics at the Baseline (the ITT Population)

Prophylaxis Arm (n = 55) Observation Arm: All Patients (n = 60)

Male sex, n (%) 45 (81.8) 48 (80.0)

Race, n (%)

 White 46 (83.6) 50 (83.3)

 Black 3 (5.5) 5 (8.3)

 Asian 1 (1.8) 2 (3.3)

 Other 5 (9.1) 3 (5.0)

Recipient age (years), median (range)* 51.0 (35-68) 53.5 (38-66)

Weight (kg), median (range)† 81.8 (44-115) 79.1 (53-120)

Weight ≥ 75 kg, n (%) 33 (63.5) 37 (62.7)

Days from transplantation to the baseline, median (range)‡ 111.5 (71-235) 121.0 (14-248)

HCV genotype, n (%)

 Type 1 43 (78.2) 48 (81.4)

 Not type 1 12 (21.8) 11 (18.6)

 Unknown 0 1

Pretransplant HCV RNA (log10 IU/mL), median (range)§ 4.8 (0.4-6.4) 5.3 (0.4-6.8)

Baseline HCV RNA (log10 IU/mL), median (range) 6.8 (4.6-8.0) 6.9 (4.0-8.0)∣

Baseline HCV RNA > 800,000 IU/mL, n (%) 43 (78.2) 48 (81.4)∣

Alanine aminotransferase (U/L), median (range) 66.0 (18-754) 76.0 (17-401)

Aspartate aminotransferase (U/L), median (range) 46.0 (15-736) 54.0 (15-447)

Cold ischemia time (hours), median (range) 7.0 (0-17) 6.9 (0-18)

Identical donor/recipient histocompatibility (ABO typing), n (%) 52 (94.5) 57 (95.0)

*
The donor age was not collected.

†
Prophylaxis arm, n = 52; observation arm, n = 59.

‡
The baseline is defined as the first day of treatment for the prophylaxis arm and as the day of randomization for the observation arm (prophylaxis

arm, n = 54).

§
Prophylaxis arm, n = 24; observation arm, n = 21.

∣
n = 59 (for 1 patient, baseline HCV RNA levels were missing, but the patient had positive HCV RNA titers in weeks 12 and 48).
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TABLE 2

HCV Recurrence 120 Weeks After Randomization (the ITT and PP Populations)

ITT Population at Week 120 PP Treatment Completers Within 120 Weeks*

Prophylaxis Arm (n
= 55)

Observation Arm (n =
60)

Prophylaxis Arm (n
= 25)

Observation Arm (n =
37)

Patients, n (%)† 34 (61.8) 39 (65.0) 4 (16.0) 15 (40.5)

95% confidence interval (%) 49.0-74.7 52.9-77.1 1.6-30.4 24.7-56.4

Difference (prophylaxis –
observation) (%)

−3.2 −24.5

95% confidence interval for
difference (%)

−20.8 to 14.4 −45.9 to −3.2

P value‡ 0.725 0.041

Genotype, n/X (%)§

 Type 1 25/43 (58.1) 31/48 (64.6) 3/21 (14.3) 13/30 (43.3)

 Not type 1 9/12 (75.0) 7/11 (63.6) 1/4 (25.0) 2/6 (33.3)

NOTE: HCV recurrence was determined with the Batts-Ludwig system and was defined as an HAI inflammation grade ≥ 3 and/or a fibrosis score
≥ 2.

*
At any point after the baseline.

†
n refers to the number of patients with histologically confirmed HCV recurrence. The percentages are based on the number of patients in each

study arm.

‡
The P values were calculated with the Cochran-Mantel-Haenszel general association test, which was used to compare the prophylaxis and

observation arms. The 95% confidence intervals were calculated with normal approximation.

§
n refers to the number of patients with histologically confirmed HCV recurrence, and X refers to the number of randomized patients. The

percentages are based on the number of patients in each genotype group. Genotype data were missing for 1 patient in the observation arm.
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TABLE 3

Changes from the Baseline in the Batts-Ludwig HAI Inflammation Grades and Fibrosis Scores Over Time (the
ITT Population)

Comparison Prophylaxis Arm Observation Arm P Value*

Week 48

 n 40 45

 HAI grade, mean ± SD −0.05 ± 1.26 0.27 ± 1.07 0.215

 Fibrosis score, mean ± SD 0.28 ± 0.99 0.71 ± 0.92 0.038

Week 120†

 n 29 28

 HAI grade, mean ± SD −0.03 ± 1.12 0.25 ± 1.17 0.353

 Fibrosis score, mean ± SD 0.79 ± 1.37 0.68 ± 0.90 0.712

*
Based on the t test.

†
Approximately half of the patients in both study arms had missing HAI and fibrosis data at week 120; the causes included death and

retransplantation.
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TABLE 4

Extent of Exposure (the Safety Population)

Peginterferon Alfa-2a Prophylaxis Arm (n = 54) Observation Arm: Switched to Treatment (n = 14)

Treatment duration, n (%)*

 0-14 days 1 (1.9) 0

 15-28 days 1 (1.9) 0

 29-56 days 1 (1.9) 0

 57-84 days 1 (1.9) 0

 85-168 days 5 (9.3) 3 (21.4)

 169-252 days 7 (13.0) 2 (14.3)

 253-336 days 30 (55.6) 4 (28.6)

 >336 days 8 (14.8) 5 (35.7)

Average weekly dose (μg), mean ± SD 170.0 ± 9.14 170.8 ± 5.80

Patients with dose reduction for safety reasons, n (%)†

 Total 38 (70.4) 9 (64.3)

 Laboratory 25 (46.3) 7 (50.0)

 AE 24 (44.4) 6 (42.9)

Ribavirin Prophylaxis Arm (n = 54) Observation Arm: Switched to Treatment (n = 14)

Treatment duration, n (%)*

 15-28 days 3 (5.6) 0

 29-56 days 1 (1.9) 0

 57-84 days 1 (1.9) 1 (7.1)

 85-168 days 8 (14.8) 3 (21.4)

 169-252 days 7 (13.0) 2 (14.3)

 253-336 days 25 (46.3) 3 (21.4)

 >336 days 9 (16.7) 5 (35.7)

Average daily dose (mg), mean ± SD 671.4 ± 238.44 630.6 ± 222.23

Patients with dose reduction for safety reasons, n (%)†

 Total 39 (72.2) 10 (71.4)

 Laboratory 19 (35.2) 8 (57.1)

 AE 29 (53.7) 5 (35.7)

*
Days from the first treatment to the last treatment (ie, the date of the last treatment minus the date of the first treatment plus 1).

†
More than 1 reason could be reported because of multiple dose reductions per patient; when a patient had more than 1 dose reduction for the same

reason, the patient was counted once for that reason.
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TABLE 5

Number of Patients with Rejection, Depression, Anemia, Neutropenia, and Clinically Significant Infection by
Week 48 (the Safety Population)

Patients Experiencing Safety Parameters Within 48
Weeks

Prophylaxis Arm (n
= 54)

Observation Arm: No
Treatment (n = 46)

Observation Arm:
Switched to Treatment

(n = 14)

Patients with at least 1 endpoint, n (%)* 33 (61.1) 16 (34.8) 12 (85.7)

Patients with biopsy-proven rejection, n (%) 3 (5.6) 3 (6.5) 0

Patients with depression, n (%) 1 (1.9) 1 (2.2) 1 (7.1)

Patients with anemia, n (%) 13 (24.1) 1 (2.2) 5 (35.7)

Patients with grade 3 or 4 neutropenia, n (%) 14 (25.9) 3 (6.5) 8 (57.1)

Patients with clinically significant infections requiring
treatment, n (%)

19 (35.2) 9 (19.6) 6 (42.9)

NOTE: For prophylaxis patients and patients switched to the treatment, the weeks are based on the initiation of treatment. For patients who
received no treatment, the weeks are based on the day of randomization.

*
At least 1 endpoint of biopsy-proven rejection, depression, anemia, neutropenia, or clinically significant infection.
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TABLE 6

AEs (the Safety Population)

Prophylaxis Arm (n =
54)

Observation Arm

All Patients (n = 60) Patients Receiving No
Treatment (n = 46)

Patients Switched to
Treatment (n = 14)

AE, n (%) 54 (100) 58 (96.7) 44 (95.7) 14 (100)

Treatment-related event, n (%) 52 (96.3) 13 (21.7) Not applicable 13 (92.9)

SAE, n (%) 25 (46.3) 21 (35.0) 14 (30.4) 7 (50.0)

Death, n (%) 5 3 3 0

Most common events, n (%)*

 Anemia 38 (70.4) 8 (13.3) 2 (4.3) 6 (42.9)

 Fatigue 35 (64.8) 24 (40.0) 13 (28.3) 11 (78.6)

 Headache 29 (53.7) 15 (25.0) 7 (15.2) 8 (57.1)

 Neutropenia 24 (44.4) 7 (11.7) 2 (4.3) 5 (35.7)

 Diarrhea 23 (42.6) 18 (30.0) 11 (23.9) 7 (50.0)

 Nausea 23 (42.6) 13 (21.7) 6 (13.0) 7 (50.0)

 Insomnia 18 (33.3) 6 (10.0) 2 (4.3) 4 (28.6)

 Abdominal pain 16 (29.6) 11 (18.3) 7 (15.2) 4 (28.6)

 Depression 14 (25.9) 11 (18.3) 4 (8.7) 7 (50.0)

 Pain 14 (25.9) 3 (5.0) 2 (4.3) 1 (7.1)

 Vomiting 13 (24.1) 6 (10.0) 3 (6.5) 3 (21.4)

 Dizziness 13 (24.1) 6 (10.0) 2 (4.3) 4 (28.6)

 Pyrexia 12 (22.2) 5 (8.3) 3 (6.5) 2 (14.3)

 Arthralgia 10 (18.5) 9 (15.0) 6 (13.0) 3 (21.4)

 Pruritus 10 (18.5) 8 (13.3) 6 (13.0) 2 (14.3)

 Dyspnea 10 (18.5) 5 (8.3) 3 (6.5) 2 (14.3)

 Back pain 9 (16.7) 10 (16.7) 9 (19.6) 1 (7.1)

 Muscle spasms 9 (16.7) 4 (6.7) 2 (4.3) 2 (14.3)

 Thrombocytopenia 9 (16.7) 1 (1.7) 0 1 (7.1)

 Hypertension 8 (14.8) 7 (11.7) 6 (13.0) 1 (7.1)

 Decreased appetite 8 (14.8) 4 (6.7) 1 (2.2) 3 (21.4)

 Alopecia 8 (14.8) 3 (5.0) 3 (6.5) 0

 Myalgia 7 (13.0) 4 (6.7) 0 4 (28.6)

 Chills 7 (13.0) 3 (5.0) 1 (2.2) 2 (14.3)

 Rash 6 (11.1) 6 (10.0) 5 (10.9) 1 (7.1)

 Upper abdominal pain 6 (11.1) 3 (5.0) 2 (4.3) 1 (7.1)

 Irritability 6 (11.1) 2 (3.3) 0 2 (14.3)

 Influenza-like illness 6 (11.1) 0 0 0

 Peripheral edema 4 (7.4) 12 (20.0) 10 (21.7) 2 (14.3)

 Cough 4 (7.4) 7 (11.7) 4 (8.7) 3 (21.4)

 Sinusitis 1 (1.9) 6 (10.0) 3 (6.5) 3 (21.4)

*
AEs reported in 10% or more of patients in either treatment arm.
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