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SUMMARY. The effect of interleukin-2 (IL-2) on the plasma
levels of hepatitis C RNA (HCV-RNA) has varied in published
reports. We measured the impact of IL-2 on plasma HCV
RNA levels in 54 human immunodeficiency virus (HIV)/
HCV coinfected patients enrolled in a randomized trial of 512
participants designed to compare the virologic and immu-
nologic effects of cycled IL-2 plus antiretroviral therapy
(ART) vs ART alone in the treatment of HIV in patients with
CD4 cell counts =300 cells/mm>. The mean decreases in
average HCV RNA levels (copies/mL, log 1) were 0.28 log in
the IL-2 group (n = 26) and 0.04 log in the ART alone
group (n = 28) at 12 months (P = 0.18). The changes in
HCV RNA level were not associated with baseline or nadir

CD4 cell counts, baseline aspartate aminotransferanse, CD4
cell response to IL-2, or changes in plasma HIV RNA values.
Compared with those participants who only had HIV, the
HIV/HCV co-infected patients did not have a significantly
different CD4 cell response to IL-2 therapy. Intermittent IL-2
therapy does not produce a significant sustained decrease in
plasma HCV RNA levels among patients co-infected with
HIV/HCV who are on highly active ART.

Keywords: bDNA Assay, Co-infection, hepatitis C, human
immunodeficiency virus, interleukin-2, transcription-medi-
ated amplification assay.

INTRODUCTION

The immunological determinants that orchestrate the spon-
taneous clearance of hepatitis C virus (HCV) and the resolu-
tion of disease are incompletely understood. However, brisk
intrahepatic CD4 cell responses particularly to nonstructural
HCV proteins, specific CD8 cell cytolytic action, and high level
local gamma-interferon production are believed to be
important [1-5]. Interleukin-2 (IL-2) may have potential for
the treatment of hepatitis C because it can expand the T-
lymphocyte pool, preserve the immunological repertoire,
functionally enhance T-lymphocyte and natural killer cell
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activity, and promote immunoglobulin synthesis [6, 7]. There
are few published reports concerning the use of IL-2 for the
treatment of chronic HCV infection [8-13]. While the
majority of studies have demonstrated no effect of IL-2 on
HCV viraemia, most have shown an improvement in alanine
aminotransferanse (ALT) values in IL-2 treated persons [8—
13]. Clearance of HCV during or after IL-2 therapy was des-
cribed in three of 36 coinfected individuals enrolled in these
studies. However, only two of six trials included IL-2 un-
treated hepatitis C patients as controls [11-13]. Furthermore,
IL-2 dose and frequency of administration and mode of
administration were different across studies [5-12].

As the impact of IL-2 therapy on hepatitis C infection
remains uncertain, and because the number of human
immunodeficiency virus (HIV)/HCV coinfected participants
considered in this report was larger than those included in
other studies, we undertook an evaluation of the variations
of HCV RNA levels among those HIV/HCV coinfected recip-
ients of cycled IL-2 compared with those who received
antiretroviral therapy (ART) alone, in the context of a large
randomized trial designed to evaluate the virologic and
immunologic effects of IL-2 on HIV disease [14].



PATIENTS AND METHODS

Study design

The Terry Beirn Community Programs for Clinical Research
on AIDS (CPCRA) is an established clinical trials programme
that conducts research through a network of community-
based clinical units. The CPCRA 059 trial was a large, multi-
centre, phase II, randomized, open-label clinical trial that
compared the effects of ART vs antiretroviral plus IL-2
(Chiron Corporation, Emeryville, CA, USA) on plasma HIV
RNA levels and CD4 cell counts [14]. Participants were
randomized to receive one of two doses of IL-2 (4.5 or
7.5 MIU SQ twice daily) or no IL-2 in a 1:1:2 allocation.
Administration of IL-2 (five consecutive days every 8 weeks)
began immediately following randomization and was to be
continued for at least the required three cycles. Protocol
guidelines also stated that additional cycles of therapy
should be given in order to maintain CD4 cell counts at twice
baseline CD4 level or >1000 cells/mm?>. Subjects were fol-
lowed for at least 12 months. The trial opened for enrolment
on 7 September 1998 and closed on 3 July 2000 and was
approved by a local Institutional Review Board at each site.

Patient selection

The HIV infected patients who were at least 18 years of age,
who gave informed consent, were taking combination ART
and had CD4 cell counts of at least 300 cells/mm> were
eligible for CPCRA 059. Patients were excluded for the fol-
lowing reasons: prior therapy with IL-2; any central nervous
system disorder that required the use of antiseizure medi-
cation; use of corticosteroids or cytotoxic agents (including
hydroxyurea) within 4 weeks prior to randomization; his-
tory of an AIDS defining illness; history of Crohn’s disease,
psoriasis, or other autoimmune disease; pregnancy or breast
feeding. There were no specific criteria related to stage of
liver disease in the study criteria except for those just
described.

Data collection

Prior to randomization, a baseline evaluation was performed
which included a targeted health and treatment history,
physical examination, hepatitis B serostatus and anti-HCV
antibody. Plasma HIV RNA levels (VERSANT HIV-1 RNA 3.0
bDNA assay; Bayer Diagnostics, Tarrytown, NY, USA) were
collected at baseline and monthly for all patients. Measure-
ments of CD4 cell counts were performed at baseline, and
subsequently every 4 months for all study participants.

For patients whose hepatitis C antibodies were positive at
baseline, plasma HCV RNA assays were performed. The HCV
RNA was assayed by bDNA [VERSANT HCV RNA 3.0 bDNA
assay, Bayer Diagnostics; dynamic range 3200-40 million
HCV copies/mL (640-8 million IU/mL)] from samples stored
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at —70 °C that were collected at baseline and months 1, 2, 3,
6 and 12.

If HCV RNA was undetectable at any time point, tran-
scription-mediated amplification [TMA, VERSANT HCV RNA
Qualitative Assay, Bayer Diagnostics; lower limit of detection
50 HCV copies/mL (9.6 HCV IU/mL)] was performed on both
baseline and month 6 specimens [15]. If both TMA tests failed
to demonstrate virus, the patient was considered aviraemic.
Any discordance in the ability to detect HCV RNA by either
bDNA or TMA assay triggered a repeat test using both the
bDNA and TMA assay at all study time points. If the TMA tests
failed to demonstrate virus, the patient was considered avir-
aemic. Bayer Corporation supplied the bDNA and TMA assays.
Chiron Corporation supplied recombinant IL-2 medication.

Statistical methods

For patients with detectable HCV RNA over the time points
tested, changes in plasma HCV RNA level, CD4 cell count,
and HIV RNA level between baseline and follow-up were
compared for the IL-2 group (both dose groups combined)
and the ART only group with a linear model, adjusted for
baseline value. The groups were also compared by using
longitudinal regression models for the average change over
follow-up. In plasma HCV RNA analyses, a value of
3199 copies/mL was assigned to results with HCV RNA of
<3200 copies/mL (the lower limit of detection), and a value
of 40 000 001 was assigned to results with HCV RNA
>40 million copies/mL (the upper limit of detection). In
plasma HIV RNA analyses, a value of 49 copies/mL was
assigned to results with plasma HIV RNA <50 copies/mL
(the lower limit of detection). Multiple regression models
were performed to study the association between changes in
HCV RNA levels and CD4 cell count changes over follow-up
adjusting for baseline HCV RNA level. Among the patients
who received IL-2, similar analyses were performed on
changes in HCV RNA levels and cumulative dose of IL-2
received over follow-up.

RESULTS

Study population

Overall, 63 patients (12.3%) out of the 511 individuals en-
rolled in CPCRA 059 tested positive for HCV antibody. In nine
of 63 patients testing positive for HCV antibody (14.3%), HCV
RNA was undetectable by both bDNA and TMA testing for all
time points. Of the remaining 54 patients with detectable
plasma HCV RNA levels, 26 were assigned to receive IL-2 (10
in the high dose group, 16 in the low dose group) and 28 to
the ART only arm. Among the 26 patients who received IL-2,
20 finished at least three cycles of IL-2 treatment, and an-
other three persons finished at least two cycles.

Compared with the patients with HIV infection only, the
co-infected group was older, had a higher percent of Latinos

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 414—420



416 E. M. Tedaldi et al.

or African Americans, had a higher percent of injection drug
users, and a higher baseline aspartate aminotransferanse
(AST) level (Table 1). For the 54 patients with detectable
HCV RNA levels, baseline characteristics were similar be-
tween the IL-2 groups vs the ART only group (Table 1). The
average age was 42 years, 48% were nonwhite, and 57% of
the patients had a history of injection drug use. Patients had
been on antiretroviral treatment for a mean of 47 months.
The mean CD4 cell count was 570 cells/mm?®, the mean
log,o HIV RNA was 2.3 copies/mL, and the mean HCV RNA
level was 6.7 log;o copies/mL. No significant differences
between the two groups were noted for AST, bilirubin and
creatinine levels. One patient in the ART only group was
hepatitis B surface antigen positive and HCV antibody pos-
itive.

HCV RNA Changes

Plasma HCV RNA levels decreased 0.22 log;y copies/mL
1 month after the initiation of IL-2 in the IL-2 group and

increased 0.1 log in the ART only group (95% CI for dif-
ference, 0.06-0.53, P = 0.02, Fig. 1). Although this differ-
ence was statistically significant, the difference in HCV RNA
levels between the two treatment arms was not statistically
significant at 12 months (P = 0.18). However, results of the
longitudinal regression analysis showed the average HCV
RNA level over follow-up for the IL-2 group was 0.26 log less
compared with the ART only group (95% CI for difference,
0.04-0.48, P = .02).

The changes in HCV RNA from baseline to month 12 were
not associated with baseline AST level (P = 0.19) or change
from baseline to month 12 in either CD4 cell count (P = 0.20)
or HIV RNA (P = 0.12). No relationship was seen between
cumulative dose of IL-2 (average of 169 MIU) and change in
HCV RNA for the 26 patients receiving IL-2 (P = 0.56).

CD4 cell count changes

When HIV/HCV co-infected patients who were recipients of
IL-2 or ART only were compared with the corresponding

CPCRA 059 cohort

HIV/HCV coinfected

Table 1 Baseline characteristics by
hepatitis C (HCV) status and drug

HIV/HCV treatment
HIV infected  coinfected  SC rIL-2 ART Only
Characteristic (n = 459) (n = 54) (n=26) (n=28)
Age (mean years)* 38.9 42.7 42.2 43.3
Female (%) 10.7 18.5 26.9 10.7
Race/ethnicity (%)*
White 71.5 51.9 61.5 42.9
African American 18.1 27.8 19.2 35.7
Hispanic 7.6 18.5 19.2 17.9
Other 2.8 1.9 0 3.6
Prior IV drug use (%)* 6.8 57.4 65.4 50.0
Hepatitis B surface 6.8 1.9 0 3.6
antigen positive (%)
CD4 cell count 594 570 540 599
(mean cells/mm?)
Nadir CD4 cell count 322 326 327 325
(mean cells/mm?)
HIV viral load 2.2 2.3 2.3 2.3
(mean log;o copies/mL)
HCV viral load - 6.7 6.8 6.5
(mean log copies/mL)
SGOT/AST (mean U/L)* 30.1 49.5 47.8 51.1
Bilirubin (mean mg/dL) 1.3 1.3 1.3 1.3
Creatinine (mean mg/dL) 1.0 1.0 1.0 1.0
Antiretroviral 42 47 50 45

treatment (months)

HCV, hepatitis C virus; HIV, human immunodeficiency virus; ART, antiretroviral
therapy; AST, aspartate aminotransferanse; SGOT, serum glutamic oxaloacetic

transaminase/aspartate aminotransferase.

*P-value < 0.01 for comparisons between the HIV infected group and the HIV/

HCV coinfected group.

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 414-420



0.6 —

0.4

0.2

0.0 —

-0.2

Average change from baseline

—04

Time from randomization (months)

No. of Patients
IL-2:

No IL-2:

24
23

23 21
27 25

25
27

23
23

0.02 0.17 0.06
* Adjusted for baseline value

P values*: 0.2 0.18

Fig. 1 Mean hanges (+, —2SE) from Baseline in log
10(HCV-RNA).

groups infected with HIV only, CD4 cell count changes
were similar at months 4, 8 and 12 (Table 2). Among the
54 patients co-infected with HIV/HCV, CD4 cell counts rose
an average of 300 cells/mm> from baseline for the 26
patients in the IL-2 group and declined 21 cells/mm? for
the 28 patients in the ART only group (95% CI for differ-
ence, —470 to —189, P < 0.001) after 4 months of follow-
up. At months 8 and 12, the changes in CD4 cell count
from baseline were also significantly greater in the IL-2
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group than in the ART only group (P < 0.001 at both
months 8 and 12). Therefore, HCV infection did not appear
to blunt the CD4 response.

HIV RNA changes

The average changes in HIV RNA levels did not differ
between the IL-2 and the ART only groups over follow-up.
At 12 month, the change in log;o HIV RNA level for the IL-2
and ART only groups was —0.15 and 0.19, respectively
(95% CI for difference, —0.17 to 0.81, P = .21).

DISCUSSION

In this randomized comparison of antiretroviral treated HIV
infected patients with baseline CD4 cell counts of at least
300 cells/mm?, cycled IL-2 produced a statistically signifi-
cant reduction in plasma HCV RNA levels at one month
(P = 0.02) but no differences (P = 0.18) by month 12. This
early decrease in HCV RNA may be artifactual, because of
chance in the setting of fluctuating plasma levels of HCV
coupled with the inherent variability of the assay. However,
a limited effect of IL-2 cannot be excluded, as the average
HCV RNA levels over time were 0.26 log less in the IL-2
group compared with the group which received ART alone
(P =.02). This difference is small and unlikely to have
clinical significance. These results are not attributable to
differences in HIV disease status. The groups were compar-
able in baseline and nadir CD4 cell counts, pretreatment HIV
and HCV levels, and baseline characteristics.

Many factors that may have potentially affected our
results cannot be evaluated. These include HCV genotype
and species diversity, duration of HCV infection, age when
first infected, severity of hepatitis by histologic analysis of

Table 2 CD4 cell count (cells/mm?>)

during follow-up by hepatitis C status HIV/HCV HIV infected
and IL-2 treatment arm coinfected only
n Mean n Mean Difference*  SE P-value
IL-2 arm
Baseline 26 540.0 231 598.3 -58.3 434 0.18
Month 4 22 8584 217 962.6 -60.5 91.8 0.51
Month 8 21 851.0 211 891.1 27.4 72.3 0.70
Month 12 24 846.2 221 871.9 29.7 65.7 0.65
ART only arm
Baseline 28 598.7 228 590.3 8.3 43.5 .85
Month 4 27 584.9 206 595.2 -22.0 29.8 46
Month 8 28 590.0 206 606.4 -21.2 37.6 .57
Month 12 26 6189 211 6184 -11.9 36.5 .75

SE, standard error of the difference between the HIV/HCV coinfected group and the

HIV infected group.

*Difference of means adjusted for baseline CD4 cell count, IL-2, subcutaneous
recombinant IL-2.

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 414—420



418 E. M. Tedaldi et al.

liver biopsies, and intra and extra-hepatic functional differ-
ences in HCV specific immunity [16-19]. IL-2 may have
little effect on HCV dynamics, even among patients who
demonstrate a beneficial clinical effect in the absence of
significant changes in HCV RNA. The duration of IL-2
therapy may be another potential confounder in the re-
sponse of HCV RNA levels. In one uncontrolled study of IL-2
and HAART, the two patients that cleared HCV RNA re-
ceived daily IL-2 therapy as compared with the cycling
methods utilized in most of the other reports [11].

While some of the other IL-2 studies have shown a de-
crease in ALT levels [9-13], this decrease may or may not
represent a clinically relevant improvement in hepatic
inflammation or disease progression. HCV viral load and
ALT have not been shown to be surrogate markers of the
extent of liver injury nor of its rate of progression. In some
coinfection cases, ALT decline may simply represent a return
to baseline value after an antiretroviral flare [20]. However,
in an uncontrolled trial of IL-2 administered to 33 HIV-
uninfected HCV patients, there was no significant improve-
ment in hepatic histology, despite a statistically significant
decline in ALT, among the 20 individuals who underwent
follow-up liver biopsy [8]. Neither ALT value nor liver biopsy
information were routinely collected in CPCRA 059.

Despite a significant rise in mean CD4 cell count of IL-2
recipients, this response did not translate into improved HCV
clearance. This is not surprising since the magnitude and
specificity of the peripheral CD4 cell response to HCV may
not mimic the intrahepatic response [3]. While the evidence
remains inconclusive [21], it is the local response that
appears to promote the clearance of virus and resolution of
disease in acute infection [3]. In contrast to the attenuated
CD4 cell response to ART reported among HIV/HCV coin-
fected patients [22—24], there were no differences in the CD4
response to either IL-2 plus ART or to ART only when
coinfected individuals were compared with HCV uninfected
individuals within their respective randomized treatment
groups (i.e. CD4 cell count changes were similar). However,
the sample size was small for the HIV/HCV group, and the
analysis did not control for the prior duration of ART.

Antiretroviral therapy given to controls had no apparent
impact on hepatitis C viraemia. Of note, ART induced neither
an increase [25] nor a decrease in HCV RNA. The viral load
trajectory reported here is remarkably similar to that
reported by Chung [20] for coinfected individuals with pre-
therapy CD4 cell counts above 350 cells/mm?>. However, as
participants in our study had a mean of 47 months of prior
therapy, early effects of HCV RNA levels would not have
been detected. Evaluation of specific antiretroviral regimens
could not be evaluated in this study because of sample size
constraints.

To date, this analysis of CPCRA 059 represents the lar-
gest sample of HIV/HCV coinfected persons who have
received cycled IL-2 in a randomized trial [14]. In this
study, the effects of IL-2 were examined in the context of a

larger trial designed to measure the effects of IL-2 on HIV
RNA and CD4 cell count responses. Persons having more
severe liver disease were preferentially excluded by protocol
eligibility criteria. Patients who were HCV antibody neg-
ative but HCV RNA positive were also excluded from our
analyses, since HCV RNA testing was not performed on all
participants in CPCRA 059. This may have omitted
approximately 2.8% of the available HIV/HCV population
[26]. In addition, approximately 14% of hepatitis C anti-
body positive patients in this study had no detectable HCV
RNA levels at baseline. Chronicity of hepatitis C infection as
characterized by the persistence of viraemia is reported in
70-85% of individuals [27, 28]. The effect of IL-2 in this
group of patients who presumably cleared hepatitis C was
not part of this analysis, although rebound hepatitis C
viraemia was not detected by TMA assays in any of these
individuals. As biopsies were not performed the severity of
HCV-related liver disease was not characterized and could
not be evaluated. Finally, long-term outcome information
beyond the study’s closure date is currently unavailable.
However, CPCRA 059 participants are undergoing follow-
up as part of the larger international IL-2 trial, the Eval-
uation of Subcutaneous Proleukin in a Randomized Inter-
national Trial (the ESPRIT Study) [29].

In agreement with the findings of most prior studies, we
found that cycled IL-2 has little to no effect on plasma
HCV RNA levels. While the absence of an antiviral
response does not exclude the possibility of clinical benefit,
cycled TL-2 administered by itself or in combination with
ART does not appear to impact clearance of hepatitis C in
coinfected patients. Future studies specifically designed to
address these issues may ultimately determine if IL-2 is
beneficial to patients with HCV disease, particularly if
prescribed in conjunction with specific anti-HCV therapies
[30, 31].

ACKNOWLEDGEMENTS

We are grateful to Charlene Bush-Donovan, Bayer
Corporation, for her assistance in performing hepatitis C
TMA assays, and providing technical assistance in writing
the manuscript. We also thank Eric Daniels of Social and
Scientific Systems, Inc., for his valuable support and Chiron
Corporation who supplied the IL-2.

This study was financially supported by National Insti-
tutes of Health; National Institute of Allergy and Infectious
Disease (NIAID) Grant 2 UO1 AI42170-08 and Bayer

Corporation.

REFERENCES

1 Lechner F, Wong DK, Dunbar PR et al. Analysis of suc-
cessful immune responses in persons infected with hepatitic
C virus. ] Exp Med 2000; 191: 1499-1512.

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 414-420



10

11

12

13

14

15

Thimme R, Oldach D, Chang KM, Steiger C, Ray SC, Chisari
FV. Determinants of viral clearance and persistence during
acute hepatitis C virus infection. ] Exp Med 2001; 194:
1395-1406.

Thimme R, Bukh J, Spangenberg HC et al. Viral and
immunological determinants of hepatitis C viral clearance,
persistence, and disease. Proc Natl Acad Sci 2002; 99:
15661-15668.

Shoukry NH, Sidney J, Sette A, Walker CM. Conserved
hierarchy of helper T cell responses in a chimpanzee during
primary and secondary hepatitis C virus infection. ] Immunol
2004; 172: 483-492.

Liang TJ, Hoofnagle JH. Hepatitis C. Biomedical Research
Reports. 2000; Rehermann B.. In: Liang TJ, Hoofnagle JH,
Gallin J, Fauci A, eds. Immunopathogenesis of hepatitis C:
Biomedical Research Reports. San Diego, CA, USA: Aca-
demic Press, 2000; 147-167.

Kovacs JA, Baseler M, Dewar R] et al. Increases in CD4 T
lymphocytes with intermittent interleukin-2 in patients
with human immunodeficiency virus infection — a prelim-
inary study. N Engl ] Med 1995; 332: 567-575.

Sereti I, Martinez-Wilson H, Metcalf JA et al. Long-term ef-
fects of intermittent interleukin 2 therapy in patients with
HIV infection: characterization of a novel subset of CD4(+)/
CD25(+) T cells. Blood 2002; 100: 2159-2167.

Pardo M, Castillo I, Oliva H et al. A pilot study of recom-
binant interleukin-2 for treatment of chronic hepatitis C.
Hepatology 1997; 26: 1318-1321.

Thibault V, Delaguerre C, Calvez V, Costagliola D, Tubiana
R, Katlama C. Interleukin 2 treatment does not modify
hepatitis B or C replication in human immunodeficiency
virus-infected patients: results from a randomized control
trial. Hepatology 2002; 35: 238-239.

Hengge UR, Roggendorf M, Goos M. Lack of significant viral
load alterations of hepatitis B virus and hepatitis C virus
during treatment with interleukin-2 and highly active
antiretroviral therapy. AIDS 2000; 16: 2617-2619.
Schlaak JF, Schramm C, Radecke K, Biischenfelde KH,
Gerken G. Brief report: sustained suppression of HCV repli-
cation and inflammatory activity after interleukin-2 therapy
in patients with HIV/hepatitis C coinfection. ] Acquir Immune
Defic Syndr 2002; 29: 145-148.

Uberti-Foppa C, De Bona A, Morsica G et al. Recombinant
interleukin-2 for treatment of HIV reduces hepatitis C viral
load in coinfected patients. AIDS 1999; 13: 140-141.
Valdez H, Metcalf JA, Gripshover BM, Jacobson JM, Mitsu-
yasu R, Lederman MM. Effect of interleukin-2 therapy on
plasma hepatitis C virus-RNA levels in HIV/hepatitis C virus
co-infected patients. AIDS 2001; 15: 661-662.

Abrams DI, Bebchuk JD, Denning ET et al. Terry Beirn
Community Programs for Clinical Research on AIDS.
Randomized, open-label study of the impact of two doses of
subcutaneous recombinant interleukin-2 on viral burden in
patients with HIV-1 infection and CD4" cell counts of =300/
mm?® : CPCRA 059. J Acquir Immune Defic Syndr 2002; 29:
221-231.

Sarrazin C, Teuber G, Kokka R, Rabenau H, Zeuzem S.
Detection of residual hepatitis C virus RNA by transcription-
mediated amplification in patients with complete virologic

16

17

18

19

20

21

22

23

24

25

26

27

28

29

IL-2 and HCV RNA in HIV infection 419

response according to polymerase chain reaction-based as-
says. Hepatology 2000; 32: 818-823.

Navas S, Martin J, Auiroga JA, Castillo I, Correno V. Genetic
diversity and tissue compartmentalization of the hepatitis C
virus genome in blood mononuclear cells, liver, and serum
from chronic hepatitis C patients. ] Virol 1998; 72: 1640-
1646.

Farci P, Shimoda A, Coiana A et al. The outcome of acute
hepatitis C predicted by the evolution of the viral quasi-
species. Science 2000; 288: 339-344.

Farci P, Strazzera R, Alter HJ et al. Early changes in hepatitis
C quasispecies during interferon therapy predict the thera-
peutic outcome. Proc Natl Acad Sci 2002; 99: 3081-3086.
Babik J, Holodniy M. Impact of highly active antiretroviral
therapy and immunologic status on hepatitis C virus qua-
sispecies diversity in human immunodeficiency virus/
hepatitis C virus co-infected patients. | Virol 2003; 77:
1940-1950.

Chung RT, Evans SR, Yang Y, Theodore D, Valdez H, Clark
R. AIDS Clinical Trials Group 383 Study Team. Immune
recovery is associated with persistent rise in hepatitis C virus
RNA, infrequent liver test flares, and is not impaired by
hepatitis C virus in co-infected subjects. AIDS 2002; 16:
1915-1923.

Thomson M, Nascimberi M, Havert MB et al. The clearance
of hepatitis C virus infection in chimpanzees may not
necessarily correlate with the appearance of acquired
immunity. | Virol 2003; 77: 862-870.

Braitstein P, Asselin JJ, Montessori V et al. The impact of
hepatitis C virus HCV) on CD4" response post initiation of
HAART among a population-based HIV treatment cohort;
Abstract 214. In: Program and Abstracts of the 2nd IAS
Conference on Pathogenesis and Treatment. Paris, France,
July 13-16, 2003.

Greub G, Ledergerber B, Battegay M et al. Clinical progres-
sion, survival, and immune recovery during antiretroviral
therapy in patients with HIV-1 and hepatitis C virus coin-
fection: the Swiss HIV Cohort Study. Lancet 2000; 356:
1800-1805.

DeLuca A, Bugarini R, Lepri AC et al. Ttalian Cohort Naive
Antiretrovirals Study Group. Coinfection with hepatitis vir-
uses and outcome of initial antiretroviral regimens in pre-
viously naive HIV-infected subjects. Arch Intern Med 2002;
162: 2125-2132.

Ragni MV, Bontempo FA. Increase in hepatitis C virus load
in hemophiliacs during treatment with highly active anti-
retroviral therapy. J Infect Dis 1999; 180: 2027-2029.
Sherman KE, Rouster SD, Chung RT, Rajicic N. Hepatitis C
prevalence among patients infected with human immuno-
deficiency virus: a cross-sectional analysis of the US Adult
AIDS Clinical Trials Group. Clin Inf Dis 2002; 34: 831-837.
Alter MJ, Kruszon-Moran D, Nainan OV et al. The preval-
ence of hepatitis C infection in the United States, 1988
through 1994. N Engl ] Med 1999; 341: 556-562.

Seeff LB. Natural history of hepatitis C. Hepatology 1997,
26(3 Suppl.): 21-28.

Emery S, Abrams DI, Cooper DA et al. ESPRIT Study Group.
The evaluation of subcutaneous proleukin (interleukin-2) in
a randomized international trial: rationale, design, and

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 414420



420 E. M. Tedaldi et al.

methods of ESPRIT. Controlled Clin Trials 2002; 23: 198—
220.

30 Glesby MJ, Bassett R, Alston B et al. and the ACTG 5088
team. Pilot study of low dose daily interleukin-2 plus peg-
ylated-interferon-alfa-2b and ribavirin in patients with
HCV/HIV co-infection: ACTG AS5088; Abstract 818. In:
Programs and Abstracts of the 11th Conference on Retro-
viruses and Opportunistic Infections. San Francisco, CA,
February 8-11, 2004.

APPENDIX

Members of the CPCRA Hepatitis Working Group are:
Roberto Arduino (Houston AIDS Research Team); Elizabeth
Jenny Avital (Harlem AIDS Treatment Group); Li Chen
(University of Minnesota Division of Biostatistics); Paul
Gaglio (Center for Liver Disease and Transplantation,
Columbia Presbyterian Hospital); Laurie Kelly (CPCRA
Operations Center, Social & Scientific Systems); Norman
Markowitz (Division of Infectious Diseases, Henry Ford
Hospital); Catherine McCartin (University of Colorado Health
Sciences Center); Joseph McGowan (Center for AIDS Treat-
ment and Research, North Shore University Hospital, NY);
George Perez (North Jersey Community Research Initiative,
Newark); Richard Sterling (Richmond AIDS Consortium);
Ellen Tedaldi (HIV Comprehensive Care Program, Temple
University Hospital); Krystn Wagner (New England Program
for AIDS Clinical Trials, Yale University School of Medicine);
and Louis Zimmerman (Denver AIDS Community Advisory
Board).

31 Barreiros AP, Schlaak JF, Gerken G, Galle PR, Lohr HF.
Interleukin-2 has no additional therapeutic efficacy in the
retreatment of patients with chronic hepatitis C that had not
responded to interferon-alpha plus ribavirin. Eur J Clin Invest
2003; 33: 628-629.

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 414-420



