1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

> % NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATTG,

O

Published in final edited form as:
AIDS 2006 February 14; 20(3): 345-351. doi:10.1097/01.aids.0000206500.16783.2¢.

Relationships between cellular immune responses and
treatment outcomes with interferon and ribavirin in HIV/hepatitis
C virus co-infection

Camilla S. Graham@, Annalee Wells?, Tun LiuP, Kenneth E. Sherman®, Marion Petersd,
Raymond T. Chung®, Atul K. Bhan®, Janet AndersenP, and Margaret James Koziel? for the
ACTG 5071 Study Team

aBeth Israel Deaconess Medical Center and Harvard Medical School, Boston, USA

bHarvard School of Public Health, Boston, Massachusetts, USA
CUniversity of Cincinnati, Cincinnati, Ohio, USA
dUniversity of California San Francisco, San Francisco, California, USA

#Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts, USA

Abstract

Objective—To test the hypothesis that hepatitis C virus (HCV)-specific interferon (IFN)y
immune responses are correlated with HCV virological response following treatment in subjects
with HIV-1 and HCV co-infection.

Design—Immune responses were studied in a treatment trial comparing standard interferon alfa
(IFN) to pegylated interferon alfa (PEG-IFN), each with ribavirin (R).

Methods—Using HCV antigens core, NS3 and NS5, and Candida, enzyme-linked
immunosorbent spots on peripheral blood mononuclear cells measured IFNy and interleukin
(IL)-10 production. Immunologic, virologic and clinical variables were modeled using recursive
partitioning (CART) to identify factors associated with HCV virological response at week 24 (VR)
and week 72 (SVR) in 108 patients.

Results—There were no significant differences in baseline IFNy immune responses and higher
IL-10 to NS3 in subjects with VR versus non-responders. Subjects who had significant decreases
in IL-10 responses at week 24 compared to baseline for NS3, NS5, or summed HCV responses
were more likely to be VR. Using baseline immunological responses and clinical data in CART
models, patients who were randomized to PEG-IFN/Rand had high IL-10 responses to summed
HCV proteins were more likely to be VR (73%), whereas those on IFN/R who had low IFNy
responses to Candida were less likely to be VR (5%). The main correlate of SVR for genotype-1
subjects was maintenance of HCV-specific IFNy responses from baseline to week 72.
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Conclusions—In this cohort of subjects with HIV and HCV, a decrease in HCV-specific IL-10
responses and maintenance of IFNy responses during treatment with IFN were associated with
week 24 or 72 virological response.
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Introduction

Methods

An estimated 15-30% of persons with HIV infection in the United States are co-infected
with hepatitis C virus (HCV) [1]. As people live longer in the era of highly active
antiretroviral therapy, there is an increasing percentage of hospitalizations and death being
attributed to HCV-related liver disease among persons with HIV [2—4]. Increased interest in
treating HCV in the setting of HIV is tempered by early studies that have demonstrate
overall lower rates of sustained virological response (SVR), especially in genotype one
infection, compared to persons with HCV alone [5-7].

In HCV mono-infection, treatment with interferon has been associated with sustained CD4+
T-cell immune responses in persons with successful clearance of HCV [8,9]. Broadly
directed, HCV-specific type 1-like cytokine responses have also been associated with an
increased likelihood of SVR in some [8,10-12] but not all studies [13]. One study found that
a non-persistent HCV-specific interferon (IFN)y response concomitant with an increase in
type 2-like cytokines interleukin (IL)-10 and IL-4 during interferon alfa-2a with ribavirin
was associated with decreased likelihood of SVR as well [8]. One possible explanation for
the lower likelihood of SVR in persons with HIVV/HCYV is depressed cellular immune
responses. In HIV co-infection, HCV-specific responses are rarely detected in peripheral
blood mononuclear cells (PBMC), except in HIV long-term non-progressors [14-18]. HCV-
specific responses are detected more frequently in the intrahepatic compartment in persons
co-infected with HIV, but intrahepatic responses cannot be followed during a treatment trial
[19].

In the present study, we evaluated CD4+ T-cell responses in 108 subjects enrolled in a
randomized trial comparing interferon alfa and pegylated interferon alfa, each with ribavirin,
to determine whether pre-treatment antigen-specific immune responses were predictive of
viral clearance. We also wanted to determine whether changes in patterns of type 1 and type
2-like cytokine responses during interferon-containing regimens were associated with
sustained virological response.

Human patients

One hundred and thirty three eligible patients were enrolled in the Adult AIDS Clinical Trial
Group protocol A5071, a randomized, open-labeled multicenter trial comparing pegylated
interferon alfa-2a with ribavirin (PEG-IFN/R) or standard interferon alfa-2a three times a
week with ribavirin (IFN/R) [6]. HIVV-infected subjects 18 years or older were eligible for
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trial participation if they had chronic HCV infection confirmed by HCV RNA detection and
had not been previously treated with IFN-alfa-containing regimens. A liver biopsy
demonstrating abnormal histology consistent with chronic hepatitis C was required within
48 weeks of study entry. Patients were eligible with normal or elevated serum alanine
aminotransferase (ALT) levels and were required to have negative tests for hepatitis B
surface antigen. Liver biopsies were blindly scored by a central hepatopathologist using the
modified Histology Activity Index (HAI).

The primary endpoint was HCV virological response (HCV RNA < 60 1U/ml) at 24 weeks
of treatment (VR). Patients without a VR or histological improvement discontinued the
study and the remaining patients were followed for virological response at week 72
(sustained virological response; SVR). This report analysed the subset of patients who had
adequate PBMC for analysis at study entry (108 patients). The protocol was reviewed and
approved by the Ethics Committee of the Beth Israel Deaconess Medical Center and all
participating sites. All subjects participating in the study presented a written informed
consent before any study-related procedures. The protocol and all study procedures were
conducted in conformity with the ethical guidelines of the Declaration of Helsinki.

Recombinant HCV proteins

The recombinant HCV proteins used were derived from HCV genotype 1b and included
core protein [amino acid (aa) 1-115], and non-structural (NS) proteins NS3 (aa 1007-1534),
and NS5 (aa 2622-2868) at 1 pg/ml (Mikrogen, GmbH, Munich, Germany).

Enzyme-linked immunosorbent spot assay

PBMCs were isolated by Ficoll-Hypaque (Amersham Biosciences, Piscataway New Jersey,
USA) density-gradient centrifugation and cryopreserved. Enzyme-linked immunosorbent
spot (ELISpot) assays were performed as described previously [15]. Briefly, plates were
coated with primary monoclonal antibody (mAb) [anti- IFNy, anti-1L-10, (Endogen,
Woburn, Massachusetts, USA), or anti-tumor necrosis factor (TNF)a, (BD Pharmingen, San
Diego, California, USA)] at a concentration of 10 pg/ml, 2.5 x 10° PBMC and were cultured
for 40 h in the presence of the recombinant HCV protein core, and NS proteins NS3 and
NS5 at 1 pug/ml. Positive control wells consisted of phytohemaglutinin (PHA; 5 ug/ml;
Sigma, St. Louis, Missouri, USA) and Candida cellular antigen (20 pg/ml; Greer Labs,
Lenoir, North Carolina, USA). Negative control wells were media alone and buffer. After 48
h the PBMC were removed and 50 pl of biotin-conjugated secondary mAb [anti- IFNy or
anti-1L-10 (Endogen), or anti-TNFa (BD Pharmingen)] were added at 0.2 ug/ml (IFNy and
IL-10) or 0.5 pg/ml (TNFa). Plates were developed and the numbers of spots per well were
scored using a dissection microscope. The averaged numbers of spot-forming cells (SFC) in
control wells were subtracted from antigen-stimulated wells to correct for spontaneous
cytokine production. Persons performing ELISpot assays were blinded to all subject
information except the identification number and specimen collection date.

Statistical methods

Data were analyzed in SAS 6.12 (SAS Institute, Cary North Carolina, USA) using non-
parametric tests including the Kruskal-Wallis test. All tests were two-tailed and evaluated at
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a significance level of 0.05. No adjustment for multiple comparisons was made in these
exploratory analyses. Recursive partitioning using classification and regression trees
(CART) in Splus V3.4 (MathSoft, Inc.; Insightful Corporation; Seattle, Washington, USA)
was performed to identify subgroups highly associated with virological response [20].
Clinical variables included in each model were treatment arm, gender, race, entry age,
intravenous drug use, CD4+ T-cell count, antiretroviral regimen [protesase inhibitor (PI)
versus non-PI], HCV genotype and HIV and HCV viral loads. Immune response data were
included as continuous variables and used summed IFNy or IL-10 responses to HCV
proteins core, NS3 and NS5 (HCV-Sum) and responses to Candida. Baseline responses were
included in the CART models represented by Fig. 1; both baseline and week 24 responses as
well as the difference between baseline and week 24 responses were included in CART
models represented by Fig. 2; and baseline, week 24, week 72, and differences between
baseline and week 24 and baseline and week 72 responses were included in CART models
represented by Fig. 3. CART selected “cut points’ associated with virological outcome.
These have been characterized as ‘high’ and ‘low’, and the actual value may be specific to
this dataset. Numerous models were generated, and parsimonious models with high
sensitivity and specificity for virological response are presented. Extensive cross-validation
and ‘pruning’ was not performed in order to retain small subgroups with unique
characteristics for visual inspection.

Patient characteristics

The parent study had 133 eligible subjects and had VR rates of 44% in the PEG-IFN/R
group compared to 15% in the IFN/R group, and SVR rates of 27% in the PEG-IFN/R group
compared to 12% in the IFN/R group [6]. Table 1 shows subject characteristics for the 108
subjects in whom cellular immune responses were studied at baseline, divided by whether
they had clearance of HCV virus at week 24 (VR) or not (NR). In this subgroup, VR were
significantly more likely to have received PEG-IFN/R, be white non-Hispanic, to have never
used injection drugs, and to be genotype non-1. In the right columns are characteristics of
those subjects in whom immune responses were studied at baseline and week 24 (n = 93),
divided by whether or not they achieved week 72 virological response (SVR). Factors
associated with SVR were similar to those associated with VR, with the exception that race
was no longer significant.

Cellular immune responses

We next determined whether baseline immune responses were associated with week 24 VR.
Overall, HCV-specific immune responses were of low frequency with median values of zero
SFC/10% PBMC for both IFNy and 1L-10 for all HCV antigens, as consistent with prior
reports of infrequent responses in persons with chronic HCV infection (data not shown)
[9,14,15,17]. There were no significant differences in baseline IFNy immune responses
between VR and NR (Table 2). Subjects with VR had significantly higher IL-10 to NS3 (P =
0.03) and a trend to higher summed IL-10 responses to HCV proteins (P = 0.09) at baseline.
We then examined whether changes in immune responses at week 24 compared to baseline
were related to virological responses. We found that week 24 VR were significantly more
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likely to have a decrease in IL-10 secretion to NS3 (P = 0.01), a trend to less IL-10 to NS5
(P =10.06) and less I1L-10 to summed HCV responses (P = 0.05) (Table 2). There were no
significant differences in immune responses between week 72 SVR and those failing to
sustain response (data not shown).

Multivariable modeling of clinical and immune parameters with VR and SVR

Next, we used CART to look for associations between immune responses and other clinical
variables since factors such as age, gender, race, or HIV status could affect both immune
responses and ability to clear HCV viremia with interferon alfa treatment. CART selects the
‘best predictor’ of an outcome from a dataset, then, for a given branch, selects the next best
predictor. Figure 1 shows the model for predicting week 24 VR using baseline IFNy and
IL-10 summed HCV responses, Candida responses, and clinical variables described in
Methods. The overall VR was 30%. Subjects who received PEG-IFN/R and had high
baseline summed IL-10 HCV responses had a 73% likelihood of VVR. Subjects who received
PEG-IFN/R and had lower baseline summed IL-10 HCV responses and high HCV viral load
at baseline had an 8% likelihood of VR. In the standard IFN/R arm, subjects with high IFNy
secretion to Candida had a 2.5-fold increase in VR (38%) compared with the parent group
(15%), and substantially higher than the subjects with low IFNy secretion to Candida (5%).
The overall sensitivity of this model was 0.91 with a specificity of 0.62.

We then incorporated changes in immune responses from baseline to week 24 in addition to
baseline variables to determine factors associated with week 24 VR. As shown in Fig. 2, the
best predictor of week 24 VR was HCV genotype, where subjects with genotype non-1 had
a 65% VR. For subjects with genotype 1, a decrease in IL-10 responses to summed HCV
proteins of at least 4 SFC/10% PBMC from baseline to week 24 was associated with a 50%
VR. Conversely, those who maintained HCV-specific IL-10 responses during treatment and
had higher fibrosis scores only had a 4% VR. The overall sensitivity of this model was 0.90
with a specificity of 0.67.

Correlates of week 72 SVR in subjects who had immune responses studied at baseline, week
24 and week 72 (n = 54) were studied (Fig. 3). The available number of subjects was lower
as subjects with no response at week 24 did not have additional PBMC collected. 33% of
these 54 subjects had an SVR (these are subjects who had had a week 24 virological or
histological response and therefore remained in the study past week 24). Subjects who were
genotype non-1 had an 83% SVR. For subjects who were genotype 1, maintenance of HCV-
specific IFNy responses from baseline to week 72 (those subjects that gained at least 2
SFC/108 PBMC) was associated with an SVR of 50% whereas those that did not maintain
IFNYy responses to HCV proteins had an SVR of 9%. The overall sensitivity of this model
was 0.83 with a specificity of 0.80.

Discussion

Studies of immunological predictors of virological response after interferon-based treatment
in HCV mono-infection have often focused solely on type-1 IFNy responses [11-13].
However, at least two studies of persons with HCV mono-infection undergoing interferon
alfa treatment have shown that lack of, or loss of IL-10 responses along with increases in
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IFN responses were important predictors for clearance of HCV [8,9]. There are scant data on
immunological predictors of interferon-based treatment outcome in HIVV/HCV co-infection.
Legrand et al. analyzed HCV-specific proliferative responses with respect to outcome of
treatment with IFN/R, and found that subjects with persistent proliferative responses during
treatment were more likely to have an SVR, but this association was confined to those with
genotype 3 infection [21]. In contrast, Alatrakchi et al. did not find enhancement of HCV-
specific IFNy during treatment with IFN/R in persons with HIV/HCV co-infection. In fact,
when IFNy responses were detected at baseline, frequencies decreased in all cases at 6
months on IFN/R [22]. Of note, in both of these studies, there were concomitant decreased
responses to other antigens, including HIV P24 antigen, cytomegalovirus, and tuberculin
during treatment with IFN/R.

In this cohort of patients with HIV and HCV co-infection undergoing treatment with
interferon alfa plus ribavirin, the overall SVR was 19%, which is substantially lower than
what is typically found in the treatment of HCV mono-infection [23,24]. Clinical predictors
of SVR in this trial have already been published, and include randomization to PEG-IRN/R,
genotype non-1, no previous injection drug use, and HIV viral load greater than 50
copies/ml [6]. We wanted to determine if type 1 and type 2-like immune responses could
augment clinical parameters in predicting the primary outcome of this trial, namely week 24
virological responses.

Not surprisingly, the strongest predictor of week 24 virological response was randomization
to the PEG-IFN/R arm. In that arm, the next best predictor of VR was robust HCV-specific
IL-10 responses at baseline (Fig. 1), and in those subjects with lower I1L-10 responses, a
combination of lower HCV viral load and no injection drug use history predicted outcome.
In contrast, when dynamic immune responses between week 24 and baseline were added to
the model (Fig. 2), loss of HCV-specific IL-10 responses during treatment emerged as an
important correlate of VR.

It was difficult to study predictors of SVR because subjects without VR or histological
improvement discontinued the clinical study without providing week 72 PBMCs for
immunological studies. This may explain why only one predictor of SVR in the parent
study, HCV genotype, [6] emerged as a predictor of SVR in this subgroup. However, it was
interesting that, after HCV genotype, the next best predictor of SVR was maintenance of
IFNy responses to HCV proteins at week 72 relative to baseline. Of note, IFNy had mixed
roles in this cohort. Higher IFNy responses to Candida were predictive of week 24 VR in
subjects treated with IFN/R (Fig. 1). In a second model (Fig. 2), lower IFNy responses to
Candida were predictive of week 24 VR, but this result was only for those patients who were
genotype 1, did not substantially decrease their 1L-10 responses to HCV during treatment,
and had lower fibrosis scores on entry liver biopsy.

The overall lower VR and SVR rates seen in this study, compared with rates seen in HCV
mono-infection trials, is not purely due to the degree of immunosuppression, as CD4 cell
count did not emerge as a predictor of outcome in this study, nor in the parent study [6]. The
data in this cohort suggest that the balance of type 1 and type 2 immune responses during the
course of IFN/R treatment is a critical factor in determining clearance of HCV. We
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previously showed decreased intrahepatic HCV-specific IL-10 production in persons with
HIV/HCV in comparison with those with HCV alone [19]. IL-10 is secreted by numerous
cell types including T regulatory (Treg) cells, and suppresses production of proinflammatory
cytokines [25]. It may be that suppression of Treg cells during IFN/R treatment is associated
with improved outcomes, although the current study was not designed to test this hypothesis.

In conclusion, successful clearance of HCV in this HIVV-co-infected cohort was predicted by
clinical factors such as treatment arm and HCV genotype, but also by suppression of I1L-10
responses on treatment, or maintenance of IFNy responses after completion of treatment.
Improvement in rates of SVR in HIV/HCV-co-infected persons may necessitate suppression
of type 2 responses as well as augmentation of type 1 responses. A better understanding of
immunological correlates of HCV clearance may help target new therapies, especially for
our difficult-to-treat genotype 1 HIV/HCV-co-infected patients.
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Fig. 1. Classification and regression tree (CART) for predicting the outcome of week 24
virological response (VR)
Thirty percent of the overall cohort had week 24 VVR. CART identified useful baseline

predictors for subgroups with higher or lower frequencies of week 24 VR. All percentages
indicate classified subjects with week 24 VR compared to the total subjects in that classified
group. IL-10 Sum-HCV = sum of interleukin (IL)-10 responses to hepatitis C virus (HCV)
proteins core, NS3 and NS5. Numbers associated with immune response data represent spot-
forming cells (SFC)/106 peripheral blood mononuclear cells. IDU, injection drug users; IFN,
interferon alfa-2a; PEG-IFN, pegylated interferon alfa-2a; RBV, ribavirin.
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Fig. 2. Classification and regression tree (CART) for predicting the outcome of week 24
virological response (VR) in 93 subjects who had immune response data for baseline and week
24 time points

CART identified useful predictors for subgroups with higher or lower frequencies of week

24 VR. IL-10 Sum-HCV = sum of interleukin (IL)-10 responses to hepatitis C virus (HCV)
proteins core, NS3 and NS5. Numbers associated with immune response data represent spot-
forming cells (SFC)/106 peripheral blood mononuclear cells. IFN, interferon alfa-2a.
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(3/32) (5/10)

Fig. 3. Classification and regression tree (CART) for predicting the outcome of sustained

Genotype non-1

SVR: 83%
(10112)

Page 11

virological response (SVR) in 54 subjects who had immune response data for baseline, week 24

and week 72 time points

IFNy Sum-HCV = sum of interferon (IFN)y responses to hepatitis C virus (HCV) proteins
core, NS3 and NS5. Numbers associated with immune response data represent spot-forming
cells (SFC)/10° peripheral blood mononuclear cells.
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