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Background & Aims: The most effective therapy cur-
rently available for treatment of chronic hepatitis C virus
(HCV) is the combination of peginterferon and ribavirin.
This study evaluated the effectiveness of this treatment
in patients who were nonresponders to previous inter-
feron-based therapy. Methods: The first 604 patients
enrolled in the Hepatitis C Antiviral Long-Term Treat-
ment Against Cirrhosis (HALT-C) Trial were evaluated. All
were HCV RNA positive, previous nonresponders to in-
terferon, with or without ribavirin, and had bridging fi-
brosis or cirrhosis on liver biopsy (Ishak fibrosis stage
3-6). Patients were retreated with peginterferon alfa-2a
180 pg/wk plus ribavirin 1000-1200 mg/day. Those
with no detectable HCV RNA in serum at week 20 con-
tinued treatment for a total of 48 weeks and were then
followed for an additional 24 weeks. Results: Thirty-five
percent of patients had no detectable HCV RNA in serum
at treatment week 20, and 18% achieved sustained
virologic response (SVR). Factors associated with an SVR
included previous treatment with interferon mono-
therapy, infection with genotypes 2 or 3, a lower AST:
ALT ratio, and absence of cirrhosis. Reducing the dose of
ribavirin from =80% to =60% of the starting dose dur-
ing the first 20 weeks of treatment was associated with
a decline in SVR from 21% to 11% (P = 0.05). In
contrast, reducing the dose of peginterferon or reducing
ribavirin after week 20, when HCV RNA was already
undetectable, did not significantly affect SVR.
Conclusions: Selected nonresponders to previous inter-
feron-based therapy can achieve SVR following retreat-
ment with peginterferon alfa-2a and ribavirin.

he current optimal therapy for patients with chronic
hepatitis C virus (HCV) infection is the combination
of peginterferon and ribavirin. Data from 2 large, ran-
domized, controlled trials have shown that peginterferon
alfa-2a or peginterferon alfa-2b when combined with
ribavirin achieved sustained virologic response (SVR)
rates that were significantly greater than that achieved
with standard interferon and ribavirin.!? Additional
benefits of peginterferons are that these agents can be
administered once weekly and that they have more pro-
longed and potent antiviral activity even in patients with
advanced fibrosis and cirrhosis.?=
As the treatment for chronic hepatitis C has improved,
the question has arisen as to whether patients who failed
previous HCV treatment regimens should be retreated.
Several recent studies involving retreatment have estab-
lished that a small but significant increase in SVR re-
sulted when nonresponders to prior interferon mono-
therapy were retreated with interferon and ribavirin.c—®
Given the superior results observed with peginterferon
and ribavirin in the treatment naive population, it is now
appropriate to consider whether retreating previous non-
responders, particularly nonresponders to interferon and
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ribavirin, will be effective. Such treatment would be
most advantageous for patients with advanced fibrosis or
cirrhosis, who are at the highest risk for developing
complications of advanced liver disease, including hepa-
tocellular carcinoma.0-14

The Hepatitis C Antiviral Long-term Treatment
against Cirrhosis (HALT-C) Trial was designed to eval-
uate the clinical and histologic benefits of long-term
peginterferon maintenance therapy in patients with ad-
vanced liver fibrosis or cirrhosis who failed previous
efforts to achieve an SVR with optimal antiviral therapy.
All patients entering this trial who were nonresponders
to previous treatment with interferon, with or without
ribavirin, were first retreated with peginterferon alfa-2a
and ribavirin. Patients who had no detectable HCV
RNA in serum at week 20 of this “lead-in phase” re-
mained on combination therapy for 48 weeks and were
monitored for SVR. This report describes the effects of
retreatment with peginterferon alfa-2a and ribavirin and
the factors associated with SVR in this population of
nonresponders with advanced fibrosis and cirrhosis.

Patients and Methods

The HALT-C trial is a prospective, randomized, con-
trolled study of long-term peginterferon therapy vs. no treat-
ment for patients with chronic hepatitis C and advanced
fibrosis or cirrhosis who failed to achieve an SVR following
treatment with peginterferon and ribavirin. The study is being
conducted at 10 clinical centers in the United States. Ran-
domization, data collection, and analyses are performed by a
central data-coordinating center (New England Research In-
stitutes, Watertown, MA), and all virologic testing is per-
formed by a single laboratory (University of Washington,
Seattle, WA).

Patient Population

Qualification for admission to the study included a
positive test for anti-HCV and HCV RNA in serum, a liver
biopsy performed within 12 months of enrollment demon-
strating either bridging fibrosis or cirrhosis (Ishak fibrosis
score of 3—6), and evidence of nonresponse to the most recent
treatment of standard interferon, with or without ribavirin.
Nonresponse was defined as having detectable HCV RNA in
serum after treatment for at least 12 weeks and within 4 weeks
of completing therapy. Patients without documentation of
virologic nonresponse were required to have had elevations in
serum ALT levels prior to, during, and at the completion of
therapy.

Patients were excluded if they had any other coexistent liver
disorder identified by appropriate serologic, genetic, or histo-
logic criteria. Those with coexistent steatohepatitis were ex-
cluded if this was judged to be severe on liver biopsy. Patients
with >3+ iron on liver biopsy who did not have primary
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hemochromatosis by genetic testing could enter the trial only
after undergoing phlebotomy to reduce tissue iron to under
2+. Patients were also excluded if they had a Child-Turcotte
Pugh score >6 or if they had a history of variceal hemorrhage,
ascites, or hepatic encephalopathy. Additional exclusion crite-
ria included reactivity to anti-HIV, active use of illicit injec-
tion drugs, ongoing regular excessive alcohol consumption, a
history of an uncontrolled psychiatric condition, pregnancy, or
a history of organ transplantation. Laboratory values that ex-
cluded patients from enrollment included a serum creatinine
greater than 1.5 mg/dL, an absolute neutrophil count less than
1000/pL, a platelet count less than 50,000/WL, or a hemoglo-
bin less than 11.0 gm/dL.

Study Design

All patients were treated with peginterferon alfa-2a
(Pegasys, Roche Laboratories, Nutley, NJ) at a dose of 180
pg/week and ribavirin (Copegus, Roche Laboratories, Nutley,
NJ), either 1000 mg/day (body weight =75 kg) or 1200
mg/day (body weight >75 kg). Sixteen patients who were
intolerant to ribavirin during previous therapy were started on
lower doses of this drug. While on therapy, patients were
evaluated at monthly intervals to monitor for side effects and
changes in serum liver chemistries, complete blood count, and
serum HCV RNA level. Patients with no detectable HCV
RNA in serum at week 20 remained on peginterferon alfa-2a
and ribavirin for 48 weeks regardless of HCV genotype and
then were followed for an additional 24 weeks after discontin-
uation of therapy to assess for an SVR. Patients who remained
HCV RNA positive entered the maintenance phase of the
HALT-C Trial and were randomly assigned either to continue
peginterferon alfa-2a alone at a reduced dose of 90 pLg/week for
an additional 3.5 years or to discontinue both peginterferon
and ribavirin and be followed on no specific therapy. The
present study describes the clinical, biochemical, histologic,
and virologic characteristics of the first 604 consecutive pa-
tients enrolled in the lead-in phase of the HALT-C Trial
between August and December 2001.

Definitions of Response

Virologic response was defined as the absence of de-
tectable HCV RNA (<100 IU/mL) in serum at 20 weeks
rather than the traditional 24 weeks after starting treatment.
This interval was chosen to provide sufficient time for com-
pletion of virologic testing and randomization into the main-
tenance phase of the HALT-C Trial at week 24. Early virologic
response (EVR) was defined as a 2 log or greater decline in
serum HCV RNA level from the pretreatment baseline or the
absence of detectable HCV RNA in serum at treatment week
12. End-of-treatment (EOT) virologic response was defined as
absence of detectable HCV RNA in serum at treatment week
48. SVR was defined as absence of detectable serum HCV
RNA at week 72, at least 24 weeks after treatment was
discontinued.
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Dose Reduction

The dose of peginterferon alfa-2a was reduced stepwise
from 180 to 135 to 90 pg/wk and then to 45 pg/wk if the
neutrophil count declined to less than 750/mm? or the platelet
count declined to less than 40,000/mm?. Ribavirin was re-
duced to 600 mg/day if the hemoglobin declined to 10 g/dL or
by greater than 4 g/dL from the pretreatment baseline. Further
dose reductions or discontinuation of one or both drugs could
be performed at the discretion of the various investigators at
each of the clinical centers for ongoing hematologic adverse
events, severe flu-like symptoms, neuropsychiatric, cutaneous,
and other adverse effects thought to be related to these med-
ications. The doses of peginterferon and ribavirin could be
increased back to the starting doses if these adverse events
resolved. The use of hematologic growth factors, such as
erythropoietin alfa or granulocyte-macrophage stimulating
factor, were not permitted during the first 20 weeks of treat-
ment. Eight patients who had undetectable HCV RNA in
serum at week 20 received growth factor support between
weeks 21 and 48.

The doses of both peginterferon and ribavirin actually taken
by each patient during the course of the study were evaluated
by reviewing nursing records and patient diaries. This process
captured physician-directed dose reductions for adverse events
and doses missed by patients for both medical and nonmedical
reasons. The amount of each medication taken by each patient
during the first 20 weeks was expressed as a percentage of the
total prescribed dose (target dose), calculated as 180 g X 20
weeks for peginterferon alfa-2a and either 1000 or 1200 mg X
140 days for ribavirin. The amount of drug received during
weeks 21 to 48 was calculated in a similar fashion.

Liver Histology

All patients underwent liver biopsy within 12 months
of enrollment. Biopsy specimens were reviewed by a team of
pathologists representing each of the clinical centers partici-
pating in this trial. All biopsy specimens were assigned an
inflammatory and fibrosis score based on the criteria of Ishak et
al.'¥ and assessed for steatosis by criteria similar to that devel-
oped by Brunt et al.'> All specimens were also stained with
Prussian blue. Estimates of hepatocellular iron were made by a
system similar to that described previously.'¢

Assessment of HCV RNA

Serum was collected for detection of HCV RNA twice
prior to therapy; at weeks 12, 20, 36, and 48, following the
start of therapy; and at weeks 60 and 72 (12 and 24 weeks
following discontinuation of therapy). All samples were frozen
at —70°C and shipped to the virology core laboratory at the
University of Washington for analysis. The level of HCV RNA
in serum was determined with the quantitative COBAS Am-
plicor HCV Monitor test v.2.0 (Roche Molecular Systems,
Branchburg, NJ). Patient specimens were initially tested after
1:100 dilution with HCV RNA-negative plasma; if the HCV
RNA level was below the limit of detection in the diluted
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specimen, the sample was retested without dilution. All sam-
ples with undetectable HCV RNA were retested with the
qualitative COBAS Amplicor HCV Test, v. 2.0 assay (Roche
Molecular Systems), which has a sensitivity of 100 IU/mL.
Serum specimens collected at treatment week 20 were tested in
duplicate with the qualitative assay to identify patients who
achieved a virologic response during treatment. HCV genotype
was determined with the INNO-LiPA HCV II kit (Bayer
Diagnostics, Emeryville, CA).

Statistical Analysis

Predictors of virologic response were assessed with x?
tests and 7 tests. Predictors that were related to response in
univariate analyses were entered into a multivariate logistic
regression to assess their relative importance. Analyses were
performed using the Statistical Analysis System version 8.2.

Results
Patient Population

The study population consisted of the first 604
patients enrolled in the lead-in phase of the HALT-C
trial between August 2000 and December 2001. The
demographic and clinical characteristics of these patients
are summarized in Table 1. All patients were nonre-
sponders to their most recent course of interferon-based
therapy. Sixty-four percent had been previously treated
with interferon and ribavirin. The mean age of the
patients was 49.9 years; 73% were male and 77% white.
The average estimated duration of HCV infection was
26.5 years. Serum ALT values averaged 2.37 times the
upper limit of the normal range for each local laboratory,
and 10% of the patients had a normal ALT level at
screening. Eighty-nine percent were infected with HCV
genotype 1. The mean serum level of HCV RNA was
logiop 6.46 TU/mL, and 75% had an HCV RNA level
greater than 1.5 million IU/mL. The mean Histologic
Activity Index (HAI) score was 7.46 and cirrhosis (Ishak
fibrosis score of 5 or 6) was present in 39%.

Response to Therapy

Virologic response rates to retreatment with
peginterferon alfa-2a and ribavirin are summarized in
Table 2. Thirty-four of the 604 patients (5.6%) with-
drew from the trial before week 20 (24 for adverse events,
2 hepatic decompensation, 5 decided not to continue
participation, and 3 were lost to follow-up). At treatment
week 20, 360 patients (60%) had detectable HCV RNA
in serum and were eligible for randomization into the
maintenance phase of the HALT-C Trial. The remaining
210 patients (35%) had no detectable HCV RNA in
serum at week 20 and remained on therapy. During the
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Table 1. Demographic and Clinical Characteristics of Study

Population
Mean = SD (range) or N (%)

N 604
Age (yn) 49.9 = 7.5 (19-80)
Race and ethnicity (%)

White 466 (77)

Black 84 (14)

Hispanic 39 (6)

Other 15 (3)
Male 438 (73)

Body weight (kg)
Body mass index (kg/m?)
Serum aminotransferases
ALT (XULN)
AST/ALT ratio
Estimated duration of infection (yr)
Prior nonresponse to interferon
and ribavirin
Serum HCV RNA (/U/mL)
Mean serum level

Mean of logio serum level
>1.5 X 108 (%)

89.2 + 18.1 (48-191)
29.7 = 5.4 (18-58)

2.37 £ 1.71 (0.43-17.2)
0.84 = 0.29 (0.33-2.72)
26.5 = 7.8 (3-53)

385 (64)

4.76 X 108 + 4,57 X 108

(3.66 x 103%-3.32 X 107)

6.46 + 0.51 (3.6-7.5)
452 (75)

Genotype

1 539 (89)

2 31 (5)

3 26 (4)

Other 6 (1)

Not typeable 2 (0.3)
Histology

Histologic activity index 7.46 = 2.05 (1-14)

Cirrhosis 233 (39)
Hematology

White blood cells (X1000/uL)
Neutrophils (X1000/uL)
Hemoglobin (g/dL)

Platelets (X1000/u.L)

5.82 + 1.76 (2.6-13.5)
3.11 + 1.23 (0.8-10.7)
15.1 * 1.3 (10.7-19.5)

166.0 * 58.7 (57-421)

remaining 28 weeks of treatment, 18 (3%) of these
patients developed virologic breakthrough and became
HCV RNA positive. The remaining 192 patients (32%)
achieved an EOT response and remained HCV RNA
negative in serum through week 48. Following discon-
tinuation of peginterferon and ribavirin, virologic relapse
occurred in 78 patients (41%). Another 5 patients with-
drew from the study before week 72. Thus, SVR was
observed in 109 (18%) patients.

Factors that correlated with week 20, EOT and sus-
tained virologic responses are listed in Table 2. Factors
identified by univariate analysis to be associated with an
EOT response included previous treatment with inter-
feron monotherapy (P << 0.0001), race other than black
(P < 0.0001), age less than 60 years (P = 0.0002), HCV
genotypes 2 or 3 (P < 0.0001), absence of cirrhosis (P =
0.0002), and an AST:ALT ratio of less than 1.0 (P <
0.0001). When all of these variables were included in a
multivariate regression analysis, only previous treatment
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with interferon monotherapy, HCV genotype 2 or 3, an
AST:ALT ratio less than 1.0, absence of cirrhosis on liver
biopsy, and white race were associated with an increased
probability for EOT virologic response.

Univariate analysis showed that factors associated with
an SVR were previous treatment with interferon mono-
therapy (P << 0.0001), race other than black (P =
0.0019), HCV genotypes 2 or 3 (P < 0.0001), baseline
serum HCV RNA levels of less than 1.5 million IU/mL
(P = 0.0012), absence of cirrhosis (P = 0.0004), and an
AST:ALT ratio less than 1.0 (P < 0.0001). Body weight,
BMI, HALI score, or baseline values for total white blood
cell count or neutrophil count did not correlate with
SVR. Among patients with an EVR at week 12, 34%
went on to achieve SVR. In contrast, only 3 patients who
did not achieve a week 12 EVR had a subsequent SVR
(P < 0.0001). When these baseline variables were en-
tered into a multivariate regression analysis, previous
treatment with interferon monotherapy, genotype 2 or 3,
a serum HCV RNA level less than 1.5 million IU/mL, an
AST:ALT ratio less than 1.0, and the absence of cirrhosis
on liver biopsy were associated with an increased prob-
ability of SVR.

Because the great majority of patients with previous
nonresponse to interferon-based therapy were infected
with HCV genotype 1 (89%), an analysis of factors
associated with virologic response in these patients was
performed. The same factors identified in the analysis of
the entire cohort were found to be significant for patients
with genotype 1 (data not shown). Patients with multi-
ple poor prognostic factors had the lowest rate of SVR.
For example, of the 82 genotype 1 white patients with
cirrhosis, previously treated with interferon and ribavi-
rin, and with baseline HCV RNA greater than 1.5 X 10°
IU/mL, the SVR was only 6%.

Adverse Events

Adverse effects requiring reduction in either the
dose of peginterferon alfa-2a or ribavirin to less than
96% of the originally prescribed dose are summarized in
Table 3. Sixteen patients who were started on less than
the full dose of ribavirin, 7 patients who were started on
less than the full dose of peginterferon, and 8 patients
who were lost to follow-up or who refused to continue in
the study were excluded from these analyses. Of the
remaining 573 patients, 84 (15%) required a reduction
only in the dose of peginterferon, 103 (18%) required a
reduction only in the dose of ribavirin, and 122 (21%)
required a reduction in the dose of both medications.
However, only 7% of patients required discontinuation
of ribavirin alone, 0.3% peginterferon alone, and 3%
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Table 2. Characteristics Associated With Virologic Response

RETREATMENT OF PATIENTS WITH CHRONIC HEPATITIS C 1019

Week 20 Week 48 Week 72
response? response? response?
N (%) (%) (%)
Overall population 604 35 32 18
Prior treatment P < 0.0001 P < 0.0001 P < 0.0001
Interferon alone 219 47 44 28
Interferon and ribavirin 385 28 25 12
Race and Ethnicity? P < 0.0001 P < 0.0001 P = 0.0019
White 466 38 35 20
Black 84 11 10 6
Hispanic 39 49 41 18
Other 15 40 40 33
Age P = 0.0003 P = 0.0002 P = 0.0107
<60 years 541 37 34 19
=60 years 63 14 11 6
HCV genotype® P < 0.0001 P < 0.0001 P < 0.0001
1 539 30 27 14
2 31 81 81 65
3 26 81 77 54
Others 6 33 33 17
Baseline HCV RNA (IU/mL) P=0.11 P=0.12 P < 0.0009
=1.5 X 10° 452 33 30 15
<1.5 x 1068 152 40 37 27
Cirrhosis P = 0.0004 P = 0.0002 P = 0.0005
Yes 233 26 23 11
No 371 40 37 23
AST/ALT P < 0.0001 P < 0.0001 P < 0.0001
>1.0 122 19 17 6
=1.0 482 39 35 21
Body mass index (kg/m?2) P=0.17 P=0.14 P =0.46
<25 109 38 35 22
25-29 239 37 34 18
30+ 254 32 28 17
Early virologic response? P < 0.0001 P < 0.0001 P < 0.0001
Yes 309 66 61 34
No 295 2 1 1

@Response is defined as HCV RNA undetectable at treatment weeks 20, 48, or 72.

bp value is for a comparison of black vs. others.
P value is for a comparison of genotype 2 or 3 vs. others.

dEarly virologic response was defined as a 2 log,o decline in HCV RNA from baseline or HCV RNA undetectable at treatment week 12.

both medications. The most common adverse effects
leading to dose reduction or discontinuation included
hematologic abnormalities, neuropsychiatric events, fa-
tigue, flu-like, and other nonspecific symptoms. Infec-
tions requiring dose reduction of peginterferon occurred
in 1% of patients. No other single reason for dose
reduction was present in greater than 1% of patients.

Effect of Dose Reduction

The effect of reducing the dose of peginterferon or
ribavirin on virologic response is summarized in Table 4.
For these analyses, the amount of peginterferon alfa-2a
and ribavirin taken by each patient was expressed as a
percentage of the originally prescribed or target dose.
Reducing the dose of peginterferon alfa-2a during the
first 20 weeks of treatment from greater than 80% to less

than 60% of the target dose did not appear to impact
significantly either virologic response at week 20 (re-
sponse declined from 38% to 32%) or SVR (response
declined from 20% to 13%). In contrast, reducing the
dose of ribavirin from greater than 80% to less than 60%
of the target dose during the first 20 weeks of treatment
significantly reduced the week 20 virologic response
(response declined from 38% to 26%; P = 0.041) and
SVR (response declined from 21% to 11%; P = 0.031).
A reduction in the doses of either peginterferon alfa-2a or
ribavirin after week 20, when patients already had no
detectable HCV RNA in serum, had no significant im-
pact on SVR. The mean £ SD doses of peginterferon
alfa-2a (166 £ 25 vs. 162 = 31 pg/wk, respectively) or
ribavirin (1048 * 176 vs. 1007 * 251 mg/day, respec-
tively) taken during the first 20 weeks by patients with
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Table 3. Indications for Dose Reduction

Peginterferon alfa-2a Ribavirin
(n =573)2 (n =573)2
Reason N (%) N (%)
Dose reduced for any reason® 206 (36) 225 (39)
Anemia, neutropenia, or 158 (28) 136 (24)
thrombocytopenia
Depression, anxiety, 22 (4) 15 (3)
confusion, or insomnia
Fatigue 30 (5) 34 (6)
Flu syndrome 16 (3) 13 (2)
Dizziness or syncope 10 (2) 16 (3)
Shortness of breath or cough 5(1) 35 (6)
Nausea, vomiting, diarrhea, 7 (1) 28 (5)
or abdominal pain
Rash 8 (1) 24 (4)
Infection 5(1) 5(1)
Other adverse events or 23 (4) 32 (6)
symptoms®
Other reasons unrelated to 5(2) 17 (3)

adverse events

aExcludes 7 patients started on less than full-dose peginterferon
alfa-2a, 16 patients started on less than full-dose ribavirin, and 8
patients who withdrew from the study or were lost to follow-up.
bReasons are tabulated for only those patients who received less than
96% of the prescribed doses of peginterferon alfa-2a or ribavirin.
Doses may have been reduced for multiple reasons.

°No single adverse event resulting in dose reduction occurred in
greater than 1% of patients.

an SVR and those who failed to achieve SVR were not
significantly different.

Discussion

Impressive gains have been made in the treatment
of chronic hepatitis C virus infection during the past
decade. The currently accepted primary end point of
therapy is an SVR. With the combination of peginter-
feron and ribavirin, this can be achieved in 40%—45% of
patients with HCV genotype 1 and approximately 80%
of patients with genotype 2 or 3 infection.!:? These are
significantly improved outcomes when compared with
those achieved with standard interferon monotherapy or
interferon and ribavirin, particularly in patients with
HCV genotype 1.1:217 As a result, many patients who
were nonresponders to these previous therapies are now
considered candidates for retreatment with the more
effective regimen. In the present study, a substantial
proportion of previous nonresponders (35%) became
HCV RNA undetectable during retreatment despite
having a profile associated with poor response (a high
percentage of patients were HCV genotype 1 with high
baseline serum levels of HCV RNA and advanced fibrosis
or cirrhosis). Unfortunately, a large proportion relapsed
when therapy was stopped, and SVR was observed in
only 18% of the total cohort. Factors associated with an
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SVR included previous treatment with interferon mono-
therapy, infection with HCV genotypes 2 or 3, a baseline
level of HCV RNA greater than 1.5 X 10° IU/mL, and
the absence of cirrhosis. As observed in previous studies,
black patients had a low rate of response; only 6%
achieved SVR. The lowest likelihood of response oc-
curred in patients who had multiple poor prognostic
factors. White patients with HCV genotype 1, cirrhosis,
a serum HCV RNA greater than 1.5 X 10° IU/mL, and
who were previous nonresponders to interferon and riba-
virin combination therapy had an SVR of only 6%.
The rate of relapse in this cohort of patients, nearly
50%, was approximately twice the 15%-20% rate re-
ported in studies of treatment naive patients. A high rate
of relapse has been found commonly in studies of retreat-
ment.”® However, the reasons for this observation re-
main obscure and require further study. A potential
contributing factor was the high rate of ribavirin dose
reduction in this study, nearly 40% compared with only
about 20% in 2 large clinical trials in treatment naive
patients with less advanced liver disease.!> However, the
major difference was that the present study was confined
to previous nonresponders, who may simply be incapable
of achieving long-term viral eradication and an SVR.

Table 4. Effect of Dose Reductions on Virologic Response

Week 20 Week 72

response? response?
N (%) (%)

Dose reductions during
weeks 1-20

Overall population® 565 36 19

Peginterferon dose P = 0.25¢ P = 0.22¢
>80% 446 38 20
61%-80% 66 29 18
=60% 53 32 13

Ribavirin dose P = 0.041° P = 0.031¢
>80% 403 38 21
61%-80% 88 36 17
=60% 74 26 11
Dose reductions during
weeks 21-48

Overall population? 205 53

Peginterferon dose P = 0.81°
>80% 125 50
61%-80% 40 68
=60% 40 48

Ribavirin dose P = 0.32¢
>80% 123 55
=60% 47 47
61%-80% 35 54

aResponse is defined as no detectable HCV RNA in serum.

bThis analysis excludes patients for whom HCV RNA results are
missing at week 20 or week 72.

°x2 test for trend.

9This analysis includes only patients who had no detectable HCV RNA
in serum at week 20 and were not withdrawn from the study before
week 72.
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Patients who achieve an EVR, defined by a 2 logig
(100-fold) or greater decline in the serum level of HCV
RNA or no detectable HCV RNA within the first 12
weeks of treatment, have a higher likelihood of achieving
an SVR.218 In contrast, an SVR is only rarely seen in
patients who do not have an EVR. Identical findings
were observed during retreatment of nonresponders in
the present study; 35% of patients with an EVR went on
to achieve an SVR, whereas an SVR occurred in only 3
patients (19%) without an EVR.

The adverse effect profile of antiviral therapy in this
cohort of patients with advanced liver disease was similar
to that previously described in other studies including a
trial of peginterferon alfa-2a monotherapy in patients
with advanced fibrosis and cirrhosis.!>> Adverse effects
leading to dose reduction or discontinuation of therapy
were predominately hematologic, neuropsychiatric, sys-
temic flu-like symptoms, and fatigue. Of note, no major
episodes of spontaneous bleeding occurred despite the
fact that patients could enroll in this study with a
baseline platelet count as low as 50,000/mm?® and that
dose reduction was mandated only if the platelet count
fell to 40,000/mm? or less during therapy. Furthermore,
despite a mean baseline neutrophil count of only 3.1 X
10°/mm?, only 1% of patients enrolled into the study
required dose reduction for bacterial infections, and no
relationship between neutrophil count and infectious
complications was observed.

Adherence to therapy has recently been identified as an
important determinant of an SVR.11819 In these studies,
noncompliance was defined as a dose reduction in either
interferon or ribavirin to less than 80% of the original
prescribed dose or discontinuation of treatment prior to
receiving 80% of the planned duration of therapy. The
primary reason for noncompliance in these studies was
physician-directed dose reduction for management of
treatment-related adverse events. In addition, once dose
reduction was performed, the dose of interferon, pegin-
terferon, or ribavirin was not increased. Genotype 1
patients who did not require dose reduction had a sig-
nificantly higher SVR when compared with patients who
were instructed to reduce their dose. Patients who were
unable to adhere to full dose therapy within the first 12
weeks after initiating treatment had a lower rate of SVR
compared with patients who required dose reduction
after week 12.1° Furthermore, the EVR was significantly
lower in patients whose ribavirin dose had to be reduced
within the first 12 weeks of therapy, whereas the EVR
was not significantly affected by reducing the dose of
peginterferon during this same time interval.'® However,
these studies did not evaluate the relative importance of
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reducing these 2 medications independently, the effect of
reducing these medications by variable amounts, or the
timing of the dose reduction on SVR. In the present
study, the total dose of peginterferon alfa-2a and ribavi-
rin taken by each patient was assessed independently and
expressed as a percentage of the starting or target dose.
By calculating dose reduction in this manner, the effect
of missed doses, dose reductions, and subsequent dose
increases were taken into account. Reducing the dose of
peginterferon alfa-2a from greater than 80% to less than
60% of the target dose within the first 20 weeks of
treatment did not appear to affect either virologic re-
sponse at week 20 or SVR. Reducing the dose of riba-
virin from greater than 80% to less than 60% of the
target dose within the first 20 weeks of therapy was
associated with a significant reduction in both week 20
virologic response and SVR. In contrast, reducing the
dose of either peginterferon alfa-2a or ribavirin after
week 20, when patients already had undetectable serum
HCV RNA, had no significant effect on SVR. These
observations have important implications for the use of
hematologic growth factors as adjuvant therapy in the
treatment of chronic hepatitis C, as has recently been
advocated.? A more detailed evaluation of the impact
that reducing peginterferon and ribavirin has on both
virologic response and SVR is therefore warranted.

Although treatment with peginterferon and ribavirin
has dramatically improved the outcome for patients with
HCV,12 over half of all patients with genotype 1 infec-
tion fail to achieve SVR. Nonresponders with advanced
fibrosis or cirrhosis remain at increased risk for fibrosis
progression, decompensation, and hepatocellular carci-
noma and may require liver transplantation.!!~13 A pre-
vious study has suggested that continuing interferon as
maintenance therapy in these nonresponders may reduce
the rate of fibrosis progression.?! The HALT-C Trial is a
prospective, randomized, controlled study designed to
determine whether continuing peginterferon alfa-2a as
maintenance therapy for an additional 3.5 years can
significantly delay fibrosis progression and reduce the
risk for hepatic decompensation and hepatocellular cat-
cinoma and the need for liver transplantation. Nearly all
patients who failed to achieve an SVR during the “lead-
in” phase of the HALT-C Trial, described in this report,
have been randomized to continue peginterferon alfa-2a
at a dose of 90 pg/week or to be followed in an untreated
control group. The merits of maintenance interferon
therapy will not become apparent until the completion of
this trial.

In conclusion, the results from the “lead-in” phase of
the HALT-C Trial have provided valuable insight into
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the management of patients with chronic hepatitis C
infection. Even though the SVR in this nonresponder
population was low, several factors that increased the
likelihood of an SVR were identified. These factors in-
cluded previous treatment with only interferon mono-
therapy, HCV genotypes 2 or 3, and serum HCV RNA
levels of less than 1.5 X 10° IU/mL. In addition, because
reducing the dose of peginterferon appeared to have little
effect on SVR, the initial response to treatment-induced
neutropenia or thrombocytopenia should be to reduce the
interferon dose, rather than to initiate growth factor
support. In contrast, SVR was adversely affected by
reducing the dose of ribavirin during the first 20 weeks
of therapy. Studies to determine whether virologic re-
sponse rates could be improved by utilizing erythropoi-
etic growth factors during this time period, as opposed to
reducing the ribavirin dose, should be undertaken in this
difficult to treat patient population.

References

1. Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman ML,
Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK. Pegin-
terferon alfa-2b plus ribavirin compared with interferon alfa-2b
plus ribavirin for initial treatment of chronic hepatitis C: a ran-
domised trial. Lancet 2001;358:958-965.

2. Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Goncales
FL Jr, Haussinger D, Diago M, Carosi G, Dhumeaux D, Craxi A, Lin
A, Hoffman J, Yu J. Peginterferon alfa-2a plus ribavirin for patients
with chronic hepatitis C virus infection. N Engl J Med 2002;347:
975-982.

3. Zeuzem S, Feinman SV, Rasenack J, Heathcote EJ, Lai MY, Gane
E, O’Grady J, Reichen J, Diago M, Lin A, Hoffman J, Brunda MJ.
Peginterferon alfa-2a in patients with chronic hepatitis C. N Engl
J Med 2000;343:1666-1672.

4. Lindsay KL, Trepo C, Heintges T, Shiffman ML, Gordon SC, Hoefs
JC, Schiff ER, Goodman ZD, Laughlin M, Yao R, Albrecht JK. A
randomized, double-blind trial comparing peginterferon alfa-2b to
interferon alfa-2b as initial treatment for chronic hepatitis C.
Hepatology 2001;34:395-403.

5. Heathcote EJ, Shiffman ML, Cooksley WG, Dusheiko GM, Lee SS,
Balart L, Reindollar R, Reddy RK, Wright TL, Lin A, Hoffman J, De
Pamphilis J. Peginterferon alfa-2a in patients with chronic hepa-
titis C and cirrhosis. N Engl J Med 2000;343:1673-1680.

6. Cummings KJ, Lee SM, West ES, Cid-Ruzafa J, Fein SG, Aoki Y,
Sulkowski MS, Goodman SN. Interferon and ribavirin vs interferon
alone in the re-treatment of chronic hepatitis C previously nonre-
sponsive to interferon: a meta-analysis of randomized trials.
JAMA 2001;285:193-199.

7. Davis GL, Esteban-Mur R, Rustgi V, Hoefs J, Gordon SC, Trepo C,
Shiffman ML, Zeuzem S, Craxi A, Ling MH, Albrecht J, et al.
Interferon alfa-2b alone or in combination with ribavirin the treat-
ment of relapse of chronic hepatitis C. N Engl J Med 1998;339:
1493-1499.

8. Shiffman ML. Management of interferon therapy non-responders.
Clin Liver Dis 2001;5:1025-1043.

9. Shiffman ML. Retreatment of patients with chronic hepatitis C.
Hepatology 2002;36(suppl 1):S128-S134.

10. Yano M, Kumada H, Kage M, Ikeda K, Shimamatsu K, Inoue O,
Hashimoto E, Lefkowitch JH, Ludwig J, Okuda K. The long-term
pathological evolution of chronic hepatitis C. Hepatology 1996;
23:1334-1340.

GASTROENTEROLOGY Vol. 126, No. 4

11. Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Al-
masio P, Nevens F, Solinas A, Mura D, Brouwer JT, Thomas H,
Njapoum C, Casarin C, Bonetti P, Fuschi P, Basho J, Tocco A,
Bhalla A, Galassini R, Noventa F, Schalm SW, Realdi G. Morbidity
and mortality in compensated cirrhosis type C: a retrospective
follow-up study of 384 patients. Gastroenterology 1997;112:
463-472.

12. Yoshida H, Arakawa Y, Sata M, Nishiguchi S, Yano M, Fujiyama S,
Yamada G, Yokosuka O, Shiratori Y, Omata M. Interferon therapy
prolonged life expectancy among chronic hepatitis C patients.
Gastroenterology 2002;123:483-491.

13. ImaiY, Kawata S, Tamura S, Yabuuchi |, Noda S, Inada M, Maeda
Y, Shirai Y, Fukuzaki T, Kaiji |, Ishikawa H, Matsuda Y, Nishikawa
M, Seki K, Matsuzawa Y. Relation of interferon therapy and
hepatocellular carcinoma in patients with chronic hepatitis C.
Ann Intern Med 1998;129:94-99.

14. Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F,
Denk H, Desmet V, Korb G, MacSween RN, et al. Histological
grading and staging of chronic hepatitis. J Hepatol 1995;22:
696-699.

15. Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA,
Bacon BR. Nonalcoholic steatohepatitis: a proposal for grading
and staging the histological lesions. Am J Gastroenterol 1999;
94:2467-2474.

16. Searle J, Leggett BA, Crawford DHG, Powell LW. Iron storage
diseases. In: McSween RNM, Burt AD, Portmann BC, Ishak KG,
Scheuer PJ, Anthony PP, eds. Pathology of the liver. 4th ed.
Edinburgh: Churchill Livingstone, 2002:257-272.

17. McHutchison JG, Gordon SC, Schiff ER, Shiffman ML, Lee WM,
Rustgi VK, Goodman ZD, Ling MH, Cort S, Albrecht JK. Interferon
alfa-2b alone or in combination with ribavirin as initial treatment
for chronic hepatitis C. N Engl J Med 1998;339:1485-1492.

18. Davis GL, Wong JB, McHutchison JG, Manns MP, Harvey J, Al-
brecht J. Early virologic response to treatment with peginterferon
alfa-2b plus ribavirin in patients with chronic hepatitis C. Hepa-
tology 2003;38:645-652.

19. McHutchison JG, Manns M, Patel K, Poynard T, Lindsay KL, Trepo
C, Dienstag J, Lee WM, Mak C, Garaud JJ, Albrecht JK. Adherence
to combination therapy enhances sustained response in geno-
type-1-infected patients with chronic hepatitis C. Gastroenterol-
ogy 2002;123:1061-1069.

20. Afdahl NH, Dieterich DT, Pockros PJ, Schiff ER, Shiffman ML,
Sulkowski MS, Wright T, Younossi Z, Bowers PJ. Epoetin alfa
treatment of anemic HCV-infected patients allows for mainte-
nance of ribavirin dose, increases hemoglobin levels, and im-
proves quality of life Vs placebo: a randomized, double-blinded,
multicenter study. Gastroenterology 2003;124(suppl 1):A:714.

21. Shiffman ML, Hofmann CM, Contos MJ, Luketic VA, Sanyal AJ,
Sterling RK, Ferreira-Gonzalez A, Mills AS, Garret C. A random-
ized, controlled trial of maintenance interferon therapy for pa-
tients with chronic hepatitis C virus and persistent viremia. Gas-
troenterology 1999;117:1164-1172.

Received September 9, 2003. Accepted January 8, 2004.

Address requests for reprints to: Mitchell L. Shiffman, M.D., Hepa-
tology Section, Virginia Commonwealth University Health System, Box
980341, Richmond, Virginia 23298. e-mail: mshiffma@hsc.vcu.edu;
fax: (804) 828-4945, or HALT-C Trial Data Coordinating Center, New
England Research Institutes, 9 Galen Street, Watertown, Massachu-
setts 02472.

Supported by the National Institute of Diabetes and Digestive and
Kidney Diseases (contract numbers are listed below); the National
Institute of Allergy and Infectious Diseases (NIAID), the National Can-
cer Institute, the National Center for Minority Health and Health Dis-
parities, and by General Clinical Research Center grants from the
National Center for Research Resources, National Institutes of Health



April 2004

(grant numbers are listed below); and Hoffmann-La Roche, Inc.,
through a Cooperative Research and Development Agreement
(CRADA) with the National Institutes of Health.

Financial relationships of the authors with Hoffman-La Roche, Inc.,
are as follows: M.L. Shiffman is a consultant, is on the speaker’s
bureau, and receives research support; A.M. Di Bisceglie is on the
scientific advisory board and receives research support; K.L. Lindsay
receives research support; C. Morishima is the recipient of an educa-
tional program gift; E.C. Wright has no financial relationship; G.T.
Everson is a consultant, is on the speaker’'s bureau, and receives
research support; A.S. Lok is a consultant and receives research
support; T.R. Morgan is on the speaker’s bureau; H.L. Bonkovsky is on
the Speaker’s Bureau and receives research support; W.M. Lee is on
the speaker’s bureau and receives research support; J.L. Dienstag is
on the speaker’s bureau; M.G. Ghany has no financial relationship; Z.D.
Goodman has no financial relationship; and J.E. Everhart has no
financial relationship. In addition, M.L. Shiffman receives support from
Schering Plough and InterMune; A.M. Di Bisceglie receives support
from Schering Plough, Gilead Sciences, Idenix, SciClone Pharmaceu-
ticals, MDS Nordian, InterMune, Chiron, and Novartis; G.T. Everson
receives support from Schering, Amgen, InterMune, OrthoBiotech,
Novo Nordisk, and Metabolic Solutions; and T.R. Morgan receives
support from Schering Plough.

In addition to the authors of this manuscript, the following individ-
uals were instrumental in the planning, conduct and/or care of pa-
tients enrolled in this study at each of the participating institutions as
follows: University of Massachusetts Medical Center, Worcester, MA:
(Contract NO1-DK-9-2326) Savant Mehta, M.D., Maureen Cormier,
R.N.; University of Connecticut Health Center, Farmington, CT: (Grant
MO1RR-06192) Michelle Kelley, R.N., ANP; Saint Louis University
School of Medicine, St. Louis, MO: (Contract NO1-DK-9-2324) Bruce
Bacon, M.D., Brent Tetri, M.D., Judith Thompson, R.N.; Massachusetts

RETREATMENT OF PATIENTS WITH CHRONIC HEPATITIS C 1023

General Hospital, Boston, MA: (Contract NO1-DK-9-2319, Grant
MO1RR-01066) Raymond T. Chung, M.D., Andrea E. Reid, M.D.; Uni-
versity of Colorado School of Medicine, Denver, CO: (Contract NO1-DK-
9-2327, Grant MO1RR-00051) Marcelo Kugelmas, M.D., Jennifer De-
Santo, R.N., Brenda Martin, R.N., Carol McKinley, R.N.; University of
California-Irvine, Irvine, CA: (Contract NO1-DK-9-2320, Grant MO1RR-
00827); Muhammad Sheikh, M.D., M Mazen Jamal, M.D., John Hoefs,
M.D. (June 1999 to December 2000), Choon Park, R.N.; University of
Texas Southwestern Medical Center, Dallas, TX: (Contract NO1-DK-9-
2321, Grant MO1RR-00633) Peter F. Malet, M.D., Rivka Elbein, R.N.,
Nicole Crowder, LVN; University of Southern California, Los Angeles,
CA: (Contract NO1-DK-9-2325, Grant MO1RR-00043) Maurizio Bona-
cini, M.D., Susan L. Milstein, R.N., Carol B. Jones, R.N.; University of
Michigan Medical Center, Ann Arbor, MI: (Contract NO1-DK-9-2323,
Grant MO1RR-00042) Robert J. Fontana, M.D., Amy C. Randall-Ray,
MS, RD, CCRC, Pamela A. Richtmyer, LPN, CCRC; Virginia Common-
wealth University Health System, Richmond, VA: (Contract NO1-DK-9-
2322, Grant MO1RR-00065) Richard K. Sterling, M.D., Charlotte Hof-
mann, R.N., Paula Patrick, R.N.; National Institute of Diabetes and
Digestive and Kidney Di , Liver Di Section, Bethesda, M.D.:
T. Jake Liang, M.D., Yoon Park, R.N., Brenda Cunningham, R.N.; Na-
tional Institute of Diabetes and Digestive and Kidney Diseases, Divi-
sion of Digestive Diseases and Nutrition, Bethesda, MD: Leonard B.
Seeff, M.D., Patricia R Robuck, Ph.D., Jay H. Hoofnagle, M.D.; Univer-
sity of Washington, Seattle, WA: (Contract NO1-DK-9-2318) David R.
Gretch, M.D., Ph.D., Minjun Chung, B.S., ASCP, Sarah Chang, B.S.,
ASCP; and New England Research Institutes, Watertown, MA: (Con-
tract NO1-DK-9-2328) Maggie McCarthy, MCI, MPH, Margaret C. Bell,
R.N., M.S., MPH, CS, Latha Padmanabhan, M.Sc., M.S., Kristin K. Snow,
M.Sc., Sc.D.; Roche Laboratories, Inc., Nutley, NJ: Raymond S. Koff,
M.D., Michael J. Brunda, Ph.D.




	Peginterferon Alfa-2a and Ribavirin in Patients With Chronic Hepatitis C Who Have Failed Prior Treatment
	Patients and Methods
	Patient Population
	Study Design
	Definitions of Response
	Dose Reduction
	Liver Histology
	Assessment of HCV RNA
	Statistical Analysis

	Results
	Patient Population
	Response to Therapy
	Adverse Events
	Effect of Dose Reduction

	Discussion
	References


