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Abstract

Background/Aims—The impact of highly active antiretroviral therapy (HAART) on
progression to end-stage liver disease (ESLD) in human immunodeficiency virus (HIV)/ hepatitis
C virus (HCV) co-infection remains controversial.

Methods—We studied 157 HCV+ hemophilic men (85 HIV+, 72 HIV-), on whom dates of HIV
and HCV serovconversion and clinical outcomes were known. Time to ESLD was determined by
Kaplan Meier product-limit methods, and risk factors for ESLD progression were analyzed by a
Cox proportional hazards model.

Results—Among HIV+ men, ESLD was more common, 17 of 85 (20.0%) than in HIV—, 8 of 72
(11.1%) and median ESLD-free survival significantly shorter, p = 0.009, hazard ratio 3.00
[95%CI: 1.27-7.08]. HAART treated HIVV+ had longer ESLD-free survival than HIV+ untreated,
30.3 vs. 20.0 yr, p = 0.043, hazard ratio, 3.14 [95% CI: 1.27-7.08], comparable to survival in
HIV-men, p = 0.13, hazard ratio 2.20 [95% CI: 0.76-2.35]. Progression was unrelated to HAART
toxicity (n=0) or HCV antiviral therapy (n=7). HIV+ HAART Rx and HIV— did not differ in HCV
duration, age at ESLD, age at death or present, overall or AIDS mortality, all p > 0.05.

Conclusions—These data suggest HAART improves ESLD-free survival, approaching that in
HIV—men.
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Introduction

It is well established that the rate of progression of hepatitis C virus (HCV) infection is
rapidly accelerated in individuals with HIV co-infection. Among individuals with
hemophilia, there is a 4-to 8-fold increase in progression to end-stage liver disease (ESLD)
in HIV-positive, as compared with HIV-negative [1-3], a risk that is increased by HBsAg+,
alcohol use, and increasing duration of HCV infection [1]. Since the introduction of highly
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active antiretroviral therapy (HAART), immune function has improved and morbidity and
mortality associated with HIV infection have decreased [4]. Among those with HIV/HCV
co-infection, there is evidence that HAART also slows progression to ESLD [5-7] and
fibrosis progression [8-10], although this remains controversial. While it has been
postulated that HIV viral suppression [10] and immune reconstitution possible with HAART
[11] are critical factors influencing the rate of HCV fibrosis progression, available data are
conflicting. Some studies demonstrate that HAART may adversely affect hepatitis C
outcome by increasing HCV viral load, hepatotoxicity, and fibrosis progression [7,9,12-16].
It is important to recognize that some of the differences in published findings may relate to
the populations studied, specifically with variable or unknown duration of HIV and/or HCV
infection, heterogeneous populations with variable HCV disease severity, variable routes of
HCV and HIV exposure, and lack of a comparable HIV-negative control group.

Individuals with hemophilia are a unique group in whom the dates of HCV infection and the
dates of HIV infection are known. Specifically, HCV occurred in individuals with
hemophilia with their first clotting factor exposure [17], and HIV seroconversion peaked in
1982 [1]. The availability of a group of HIV/HCV co-infected and a comparable group of
HCV mono-infected individuals provided the unusual opportunity to study the natural
history of HCV infection in the setting of superimposed HIV infection. We, therefore,
evaluated the impact of HAART on progression to end-stage liver disease in a well-defined
cohort of HCV+ hemophilic men, comparing HIV-infected and HIV-negative.

Materials and Methods

Study subjects

A group of 157 HCV-infected hemophilic men, representing all HCV-infected men who
were HCV positive in 1978 [1,18] and cared for at the Hemophilia Center Western PA were
available for study. These included 85 HIV-infected and 72 HIV-negative men on whom
clinical outcomes and laboratory results were obtained as part of standard care, including all
treatment regimens and dates, including date of first clotting factor exposure, HIV
seroconversion, highly active antiretroviral therapy (HAART), onset of HCV infection, and
HCV treatment, as previously described [1]. These patients belong to a well-defined cohort
which has participated in previous studies [1,18], and in whom all clinical outcomes,
including ESLD and death through October 2005 were known. ESLD was defined by the
presence of ascites, hepatic encephalopathy, variceal bleeding, jaundice, spontaneous
bacterial peritonitis, and/or hepatorenal syndrome. HIV-positive patients were placed on
antiretroviral therapy (ART) and highly active antiretroviral therapy (HAART) as it became
available. Alcohol misuse was by self-report or family report during routine clinic visits, and
defined as exceeding two drinks (24 g) wine, beer, liquor) daily. Since HCV infection
occurred with the first exposure to clotting factor, we estimated the onset of HCV infection
as the first year of factor treatment, beginning in 1970 for those born before 1970, or year of
birth for those born after 1970, as previously described [1,18]. HIV-positive patients were
placed on antiretroviral therapy as it became available: the 66 who did not receive HAART
died before it became available. Only seven patients, including one HIV-positive and six
HIV-negative, received antiviral treatment for HCV: four received interferon alone and three
received combination interferon plus ribavirin. All of those alive at the time of this analysis,
78 patients, including 19 HIV-positive and 59 HIV-negative, 20 of whom underwent liver
biopsies, provided informed consent as part of the NHLBI-funded HIV Impact on Hepatitis
C in Hemophilia Study (HHH Study) [19]. The protocol and informed consent documents
for this study were approved by the Clinical Translational Research Center (CTRC)
Advisory Committee (formerly General Clinical Research Center GCRC) and the
Institutional Review Board (IRB) at the University of Pittsburgh.
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Liver histopathology

Liver biopsies, obtained for clinical reasons pre-transplant or pre-HCV treatment (n=7),
autopsy (n=10), or research (HHH study) (n=14), were scored by Ishak fibrosis progression
score, 0-6 [20]. The fibrosis progression rate was calculated as the ratio of the fibrosis stage
over the duration of HCV infection. All but one of the biopsies were independently reviewed
by a single pathologist, MN, who was blinded to HIV status and HIV treatment. The single
unavailable biopsy, not independently reviewed, was on a patient not receiving anti-HIV
therapy: there were no statistical differences between the independent reviewer, MN, and the
single original reviewer, in individual biopsy Ishak scores, nor in median group Ishak scores

Statistical methods

Results

Time from HCV acquisition to ESLD was estimated by Kaplan Meier product-limit
methods, using the log-rank test for significance. Independent predictors of ESLD were
determined, with adjustment for covariates, using the Cox proportional hazards model.
Other cross-sectional comparisons were done by non-parametric Wilcoxon rank-sum test.
For all analyses, p < 0.05 was used to determine statistical significance.

Comparison of baseline characteristics

The 157 HCV-positive patients in this cohort included 137 (87.3%) with hemophilia A and
20 (12.7%) with hemophilia B, of whom 85 (54.1%) had HIV co-infection. By race, 151
(96.2%) were Caucasian and six (3.8%) were African-American (Table 1). Twenty (23.5%)
were treated with HAART (Group 1), including protease inhibitor (PI) in 19 and non-
nucleoside reverse transcriptase inhibitor (NNRTI) in one; and, of these all 20 had received
ART (antiretroviral therapy) prior to HAART. Of the 65 non-HAART treated HIV-infected
men (Group 2), 40 (61.5%) received ART only and 25 (38.5%) received no treatment, as
they were unwilling or died before drugs were available. The comparison group included 72
HIV-negative patients (Group 3).

Comparison of ESLD and ESLD-free survival

ESLD developed in 8 of 72 (11.1%) HIV-negative men (Group 3) and in 17 of 85 (20.0%)
HIV-infected men (Groups 1 and 2). The latter included six of 20 (30.0%) HAART-treated
(Group 1), six of 40 (15.0%) ART-only treated and five of 25 (20.0%) untreated HIV-
infected men (Group 2) (Table 1). The median ESLD-free survival was significantly shorter
in HIV-positive than HIV-negative men, p = 0.009, hazard ratio 3.00 [95%Cl: 1.27-7.08]
(Figure 1). By contrast, ESLD-free survival among HAART-treated HIV-infected men
(Group 1) was significantly longer than in non-HAART-treated HIV-infected men (Group
2), 30.3 yrvs. 20.0 yr, p = 0.043, hazard ratio, 3.14 [95% ClI: 1.27-7.08], but was similar to
that in HIVV-negative men (Group 3), 27.9 yr, p = 0.13, hazard ratio 2.20 [95% CI: 0.76—
2.35]. The duration of HAART treatment among HIV-positive was not shorter in those
developing ESLD than in those remaining ESLD-free, 6.7 vs. 7.2 years, p = 0.89, but the
duration of HCV infection was somewhat shorter in those developing ESLD, 30.3 vs. 33.6
yr, p = 0.005.

Among untreated HIV-infected subjects, the short duration of HCV infection was related to
their older age at first concentrate exposure (first available in 1970), which resulted in older
age at ESLD in those who progressed, with the majority dying of AIDS before they could
develop ESLD (Table 1). By contrast, the longer duration of HCV infection in ART-treated
HIV-infected subjects reflected their younger age at first concentrate exposure, and resulting
younger age at ESLD among those who progressed, the majority of whom died of AIDS
before they could develop ESLD.
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Other predictors of ESLD

In addition to HAART treatment, age at HIV SC was an independent predictor of ESLD, p
=0.021, but not independent of HAART treatment. With each decade of HIV infection,
ESLD risk increased 1.63-fold [95% CI: 1.14-2.35], p = 0.008. Comparing HAART-treated
HIV-infected (Group 1) with HIV-negative (Group 3), there was no difference in HCV
duration, age at death or present, median age at ESLD, overall mortality, or ESLD mortality,
all p > 0.05. The age at HCV seroconversion was also an independent predictor of ESLD.
With each year of HCV infection, ESLD risk increased 1.052 (95% CI, 1.024-1.080), p =
0.0002.

The development of ESLD was not related to mitochondrial toxicity or hepatotoxicity
associated with HAART: none of the HIV-infected patients developing ESLD suffered
mitochondrial toxicity with HAART; and hepatotoxicity, when it occurred, did so only after
the onset of ESLD, following previous tolerance to HAART therapy. Treatment with HCV
antiviral therapy was also not associated with development of ESLD: of the two subjects so
treated who developed ESLD, HCV treatment predated ESLD by two and nine years,
respectively.

Liver biopsy findings

Mortality

Among a subset of 31 patients on whom liver biopsies were available, advanced fibrosis
(Ishak score 3—6) was present in the majority, 22 (71.0%). These included 71.4% of the HIV
non-HAART-treated (Group 2), 75.0% of the HAART-treated (Group 1), and 68.7% of the
HIV-negative men (Group 3). Although the median Ishak score was similar, the fibrosis
progression rate (FPR) [19], which takes into account duration of HCV infection, was
significantly slower in the HAART-treated (Group 1) vs. non-HAART treated HIV+ men
(Group 2), p < 0.01 (Table 2). Not one of the 31 individuals in this study who underwent
liver biopsy had histopathologic light microscopy evidence of changes typically associated
with mitochondrial toxicity.

The mortality rate associated with end-stage liver disease was greater in the non-HAART
treated HIV-infected men (Group 2), 11 of 65 (16.9%), than in HAART-treated HIV-
infected men (Group 1), 2 of 20 (10.0%), or HIV-negative men (Group 3), 6 of 72 (8.3%),
but did not reach significance, p = 0.297 (Table 3).

Discussion and Conclusion

The introduction of HAART therapy has greatly improved the outcomes of HIV infection by
reducing opportunistic infection, improving cellular immune function, and decreasing
mortality. The findings of this study suggest that among those with HIV/HCV co-infection,
HAART therapy also slows HCV liver disease progression and improves end-stage liver
disease (ESLD)-free survival. In fact, the duration of HAART therapy also appears to be an
independent predictor of ESLD. Specifically, this study demonstrates that the rate of HCV
liver disease progression in HAART-treated HIV/HCV co-infected hemophilic men
approached that in their HIV-negative hemopbhilic counterparts.

Although the role of HAART in slowing ELSD progression has been controversial, previous
studies have been limited by differences in risk factors for and duration of HIV and HCV
infection in at-risk co-infected groups, lack of a comparable HIV-negative control group,
inability to control for risk factors for ESLD, including hepato-toxicity associated with
HAART and HCV antiviral therapy, or mitochondrial toxicity associated with HAART.
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This study provided the unique opportunity to evaluate the impact of HAART in a cohort of
well-characterized HIV/HCV+ hemophilic men on whom dates of HCV and HIV infection,
HAART therapy, HCV therapy, and all clinical outcomes were known.

The impetus for this study was the unexpected observation in the NHLBI multicenter,
prospective HHH study (Impact of HIV on Hepatitis C Liver Disease in Hemophilia) that
progression to ESLD was uncommon and the severity of hepatic fibrosis, as measured by
Ishak score, was similar between HIV/HCV co-infected and HIV-negative hemophilic men
[19]. We hypothesized that this observation might be related to the introduction of HAART
therapy. The findings of this study not only confirm this hypothesis but further demonstrate
that the improvement in ESLD-free survival possible with HAART among the HIV-infected
hemophilic men does not appear to be related to HCV antiviral treatment or to
hepatotoxicity or mitochondrial toxicity associated with HAART.

The mechanism by which liver disease progression is reduced with HAART therapy is not
known. It is possible, but not proven, that reduction of HIV viral load with HAART prevents
the HIV-induced upregulation of cytokines that promote hepatic fibrosis, including
interleukin (IL)-6 and transforming growth factor-p [19,21]. Indeed, consistent with this
hypothesis, the hepatic fibrosis progression rate (FPR) measured on biopsies from a subset
of the hemophilic men (Table 1), was significantly longer in HAART-treated than non-
HAART-treated HIV-infected men.

We recognize several potential limitations of this study. First, the findings of this study may
be limited by small sample size and power, especially the HIV-infected group treated with
HAART. A second limitation of this study is the observational nature of the data, potentially
subject to recall bias. This hemophilia cohort, however, was unique in the inclusion of both
HIV-infected and HIV-negative hemophilic men and the careful, prospective followup of
this group since the start of the HIV epidemic [1], and, thus, bias is believed to be minimal.

In contrast to recent studies of FPR in HIVV/HCV co-infected cohorts [10], almost all of
whom were treated with HAART therapy, our study is unique as it compared HAART-
treated and non-HAART-treated HIV-infected hemophilic men. We found that HIV viral
load, but not CD4, was directly related to fibrosis progression rate, as has been shown in
other at-risk populations [10], a finding consistent with the role of HIV viral load both as a
predictor of AIDS survival [4] and as a predictor of survival in HCV/HIV co-infected liver
transplant recipients [22].

In summary, the findings of this study suggest that HAART therapy is effective in slowing
liver disease progression in HIV/HCV co-infected hemophilic men. This may also be true in
other co-infected groups at risk for liver disease progression. Further studies are underway
to evaluate the relationship of HIV viral load, HAART therapy, cytokines that cause
fibrosis, as well as cytokine promoter genotypes in progression of liver disease among HIV/
HCV co-infected hemophilic men.
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Figure 1. Impact of HAART on End-Stage Liver Disease (ESLD)-Free Survival in Hemophilic
Men with HIV/HCV Co-Infection

The median time to ESLD among HIV-infected HAART-treated hemophilic men (Group 1)
(solid line) was 30.3 years, significantly longer than in HIV-infected non-HAART-treated
hemophilic men (Group 2) (bold dotted line), 20.0 years, p = 0.043; but not different from
time to ESLD in HIV(—) hemophilic men (Group 3) (dashed line), 20.2 years, p = 0.059.
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