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ABSTRACT

Title: Role of Hepatitis C Coinfection in HIV Prognosis: Data from the HIV Atlanta VA
Cohort Study (HAVACS)

By Lauren Buehler, MD/MPH Candidate
Background: This study compared survival and progression to AIDS among patients

coinfected with human immunodeficiency virus (HIV) and hepatitis C virus (HCV) to
that of patients infected with HIV alone.

Methods: This analysis used data from the prospective HIV Atlanta Veterans Affairs
Cohort Study (HAVACS), which includes HIV-positive patients who received care at the
Infectious Disease Clinic at the Atlanta Veterans Affairs (VA) Medical Center between
January 1997 to April 2014, (n= 3,236). Kaplan Meier curves and adjusted proportional
hazard (PH) regression models compared survival of HCV/HIV coinfected and HIV
monoinfected patients for the following time-to-event outcomes: 1) from HIV-diagnosis
to death, 2) from HIV diagnosis to AIDS diagnosis, and 3) from AIDS diagnosis to
death. The analysis for the first outcome was conducted separately for patients with low
(< 200 cells/mm3) and high CD4 count (=200 cells/mm3) due to a statistical interaction
between CD4 count and HCV coinfection.

Results: A total of 3,236 patients from the HAVACS dataset were eligible for inclusion
in this study, and HCV coinfection was present in 21% (n=693) of participants. Twenty-
seven percent (n=890) of all study participants died during the follow-up period.
Adjusted PH models showed HCV coinfection was not associated decreased survival
among HIV patients with low CD4 count (hazard ratio [HR]=0.95, 95% confidence
interval [CI]: 0.76-1.19); however, patients with HCV experienced shorter survival time
after HIV diagnosis in the group with higher CD4 counts (HR=1.66, 95% CI: 1.27-2.17).
HCV coinfection was also associated with higher rates of death among AIDS patients
(HR=1.33; 95% 1.03-1.72). There was no significant difference in time between
diagnoses of HIV and AIDS by HCV coinfection status (HR=0.87, 95% CI: 0.72-1.10).

Conclusion: HCV coinfection among HIV-positive individuals in the HAART era is
associated with decreased length of survival after HIV diagnosis in patients with higher
CD4 counts (=200 cells/mms3). HCV infection is also associated with shorter survival
time after AIDS diagnosis. HCV infection does not appear to significantly impact the
length of time between HIV diagnosis and progression to AIDS.
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CHAPTER I: LITERATURE REVIEW

Hepatitis C virus: Background Information

Hepatitis C virus (HCV) is an enveloped positive-stranded ribonucleic acid
(RNA) flavivirus with six main genotypes. HCV was first recognized in the 1970’s
as a clinical entity referred to as “non-A non-B hepatitis;”2 however, the virus was
not isolated and identified until 1989. Today, HCV infection affects an estimated
180 million people worldwide and is the leading cause for liver transplantation in
North America and Western Europe.3-5 According to the Centers for Disease
Control and Prevention (CDC) estimates, there are over 3.2 million people living
with chronic hepatitis C infection in the United States.t Annually there are over
17,000 new HCV cases and 15,000 deaths related to HCV in the United States
alone.t3 There is currently no vaccine for the prevention of HCV infection.

HCYV infection can cause acute and chronic hepatic inflammation, cirrhosis,
and hepatocellular carcinoma.! Only around 20-30% of patients infected with
HCYV develop an acute phase of hepatitis marked by fever, fatigue, jaundice, and
abdominal pain. About 75-85% of infected patients go on to develop chronic
hepatitis.»¢ An estimated 15% to 30% of chronic hepatitis C patients later develop
liver cirrhosis within 30 years after diagnosis, and 1-5% of those infected
eventually die from resulting hepatocellular carcinoma or cirrhosis.?46

Risk factors for HCV infection include intravenous drug use (IVDU), a high
number of lifetime sexual partners, receipt of blood products prior to 1992,
working in the healthcare field, chronic hemodialysis, and human
immunodeficiency virus (HIV) infection. However, up to 30% of patients with

chronic HCV report no history of exposure to an identifiable risk factor. HCV



infection can be acquired via IVDU, blood transfusions, hemodialysis, healthcare-
associated needlesticks, vertical transmission (from mother to child), and sexual
contact. IVDU is the leading cause of hepatitis C infection in the United States.%.24
The prevalence of HCV among persons who have used IV drugs for greater than
five years is estimated to be as high as 90%.27 The importance of sexual contact
as a route of transmission for HCV remains debatable; however, it is well known
that HCV is not as readily transmitted during sex as HIV or hepatitis B virus.2
Studies of monogamous HCV-discordant heterosexual couples show very low
rates of transmission.”8 Within the last decade there have been several reported
outbreaks of HCV infection among HIV-positive men who have sex with men
(MSM), demonstrating that HCV can be effectively transmitted by sex in this sub-
population.89 Following the introduction of routine HCV screening of blood
products in 1992, the chances of acquiring HCV through blood transfusion have
decreased to 1-2 per million transfusions.!

Preliminary diagnosis of HCV infection is made based on elevation in liver
transaminases and serological enzyme immunoassay (EIA) for anti-HCV
antibodies. Confirmatory testing requires detection of HCV RNA present in the
serum. For staging and prognostic purposes, the gold-standard is liver biopsy and
histopathologic evaluation.© Newer, less invasive tests, including the
aminotransferase:platelet ratio index (APRI) and biomarker assays are also used
to estimate the extent of liver fibrosis in the presence of HCV infection.4 Since
2012, the CDC has recommended a one-time screening for anti-HCV antibodies

using EIA for all persons born between the years of 1945 and 1965. In addition,



the CDC recommends that all patients with known risk factors undergo periodic
screening for HCV.10

Until recent advances, the treatment of choice for chronic hepatitis C infection
was a combination of pegylated interferon, ribavirin, and protease inhibitors
administered over a course of 24 to 48 weeks. This regimen resulted in sustained
virologic response (SVR) in 50-80% of patients. SVR is defined as undetectable
HCV RNA for greater than 24 weeks after completion of treatment.*4 In 2013,
several new direct acting antiviral drugs were approved for the treatment of HCV
infection. These drugs have a shorter duration of treatment (12-24 weeks), are
associated with an improved side effect profile, and result in SVR in 80-95% of

patients.!

Hepatitis C and Human Immunodeficiency Virus (HIV) Coinfection

HIV-positive patients are known to have a high rate of HCV coinfection. The
estimated prevalence of HCV infection in HIV-positive patients in Western
Europe and North America is 25-30% (compared to a prevalence of only 3-4%
among the general population in these regions). Due to the high prevalence of
HCV/HIV coinfection, the US Public Health Service (USPHS) and the Infectious
Diseases Society of America (IDSA) Prevention of Opportunistic Infections
Working Group recommend that all HIV-positive patients should undergo HCV
screening with an anti-HCV antibody test upon entry into HIV care.7:!t

The high prevalence of coinfection of HIV with HCV may have several

explanations. First, it may be due to shared routes of viral transmission, as both

viruses are efficiently transmitted through parenteral routes.9!2-2! In the sub-



population of patients who acquired HIV through IVDU or blood transfusion, the
proportion with HCV coinfection is as high as 75-80%.9:1215:17:19.22,23 A second
explanation for the high rate of coinfection with HCV is a behavior called
‘serosorting,” a term describing unprotected sex among HIV-positive MSM with
the same HIV genotype. Serosorting results in the concentration of HCV infection
among HIV-positive MSM, thus contributing to the prevalence of coinfection.”
Third, HIV-positive patients are more likely to transmit HCV during sex
compared to their HIV-negative counterparts. Patients with HIV have elevated
HCYV viral loads and lower rates of spontaneous viral clearance, both of which
increase the likelihood of sexual transmission.” Furthermore, Briat et al. found
that HIV/HCV coinfected men are more likely to shed HCV in their semen than
HCV mono-infected men.24 Recent data also show that re-infection with HCV
after previous SVR is common among HIV-positive individuals who abuse IV

drugs or who are MSM with multiple partners.17:25

Mortality in HCV/HIV Coinfected Population

Most studies conducted prior to the introduction of highly active
antiretroviral therapy (HAART) in mid-1996 found no difference in HIV survival
by HCV coinfection status.®2* For example, an observational study on over 1,800
HIV-positive veterans showed no impact of HCV infection on HIV disease
progression or survival. In contrast, the majority of studies examining patients in
the HAART era show that HCV coinfection is associated with decreased survival
primarily due to an increase in the number of liver-related deaths in this

population.6:11.18,22,26-28 A large meta-analysis of 37 studies conducted in both the



pre-HAART and HAART eras showed that the risk ratio for all-cause mortality
after the introduction of HAART was increased by 35% in coinfected individuals
compared to HIV mono-infected patients.2! In a separate analysis limited to
patients with a diagnosis of acquired immunodeficiency syndrome (AIDS) in the
HAART era, Branch et al. reported that HCV coinfection was associated with a
50% increased risk for death. Lastly, study of HIV-positive U.S. veterans after
1997 found that the presence of HCV coinfection was associated with a shorter
survival both from the time of HIV diagnosis and from the time of AIDS
diagnosis.s

There are several hypothesized reasons for the observed differences in
survival among HCV/HIV coinfected individuals when comparing the pre- and
post-HAART eras. First, the introduction of HAART therapy extended survival of
HIV-positive patients and decreased the number of AIDS-related deaths.!.18.26
The resulting increase in survival time after HIV diagnosis allowed for a greater
likelihood of competing causes of death, such as HCV-induced liver disease.!221,29
Liver disease has become one of the most common causes of hospitalization and
death among HIV-positive patients in the HAART era, and several studies show
that HCV coinfected patients have a higher risk of liver-related death than HIV-
monoinfected patients.912:15.17:28,:30 A large observational study found that 9% of
deaths among HIV-positive patients are due to liver-related causes.25:3! The high
rate of liver-related causes of death in coinfected patients may be worsened by
hepatotoxicity of HAART regimens.7:32

Aside from liver-related causes of death, the reason for the observed increase

in all-cause mortality among HCV coinfected compared to HIV mono-infected



individuals is not completely understood. Some hypothesize that it may be due to
potentiation of immune activation by HCV leading to chronic inflammation.2”
Others suggest that HCV causes direct damage to T-lymphocytes, as it is known
to undergo viral replication within lymphatic tissue and bone marrow of HIV-
positive patients.2° Studies have also shown that HIV-positive individuals who
are infected with HCV have a higher rate of certain extrahepatic comorbidities,
such as type 2 diabetes, cardiovascular disease, hypertension, renal disease,
psychiatric conditions, and dementia.»-9:1727:33,:3¢ HCV may also increase the risk
for lymphoma and other malignancies, as some evidence shows that HCV
promotes lymphoproliferation in HIV-positive patients.29 The HCV coinfected
population is also more likely to experience socioeconomic problems such as
substance abuse, unemployment, and homelessness, which can have negative

effects on healthcare access, treatment compliance, and mortality.o-17

HIV accelerates HCV disease progression

Several studies have demonstrated that the presence of coinfection with HIV
accelerates the progression of liver disease in HCV-infected patients compared to
those who are infected with HCV alone.7-9:12:14.16,18-20,25,35-37 Coinfected patients
have an increased HCV viral load, higher rates of acute hepatic decompensation,
lower likelihood of spontaneous viral clearance, and faster progression to liver
fibrosis, end-stage liver disease, and hepatocellular carcinoma.?.1.14:19,20.23 It is
hypothesized that the acceleration in HCV disease progression is due to HIV-

related T-lymphocyte dysfunction, direct damage by HIV to hepatocytes,



hepatotoxicity of HAART therapy, and lack of treatment with anti-HCV
drugs.9:12:15

Although combination therapy for the treatment of HCV in HIV/HCV
coinfected patients has been approved by US Food and Drug Administration
(FDA) since 2005, studies show that HIV-positive patients with HCV are less
likely to receive and respond to treatment for their hepatitis C infection91:19. A
large number of coinfected patients are ineligible for treatment with ribavirin and
pegylated interferon due to social and/or psychiatric conditions that affect access
and compliance, such as substance abuse, homelessness, and incarceration.?
However, data show that even among eligible patients, only about 10% to 20%
receive treatment for HCV.* When coinfected patients do receive treatment for
HCV, they are less likely to achieve a sustained virologic response (SVR) and are
more likely to experience significant side effects than HCV mono-infected
patients.?9 Coinfected patients are also more likely to have extra-hepatic
comorbidities and potential drug-drug interactions that complicate treatment for
HCV.9 A combination of these factors results in fewer coinfected individuals
being effectively treated for HCV compared to HCV mono-infected patients,
which likely contributes to the acceleration of HCV-related disease progression in

these patients.

Effect of HCV coinfection on HIV disease progression
Although it is well known that the presence of HIV accelerates disease
progression in HCV-infected individuals, there is conflicting evidence as to

whether HCV affects the progression of HIV infection.!5:19:2129 Several studies



have shown that the time from diagnosis of HIV to diagnosis of AIDS is shorter in
HCV coinfected individuals and that the risk of developing AIDS is several-fold
higher among coinfected patients.?529 Other studies have shown that there is a
higher risk for bacterial and mycotic AIDS-defining illnesses (ADIs) and HIV-
related diseases, such as wasting syndrome and HIV-dementia among HCV
coinfected patients.29 In contrast, a large meta-analysis by Chen et al. showed no
association between HCV coinfection and risk for ADIs or acceleration of HIV
disease progression.2!

Several researchers have hypothesized that HCV infection may accelerate HIV
disease progression due to its effect on immune cell function. Some studies
indicate that HCV impairs dendritic cell and CD4 T-lymphocyte function and that
this effect may be more prominent in patients with HIV.17:29 Another explanation
is that HCV may alter CD4 recovery in response to HAART; however, this point is
also controversial. There is some evidence that HCV blunts CD4 response to
antiretrovirals, while others show no such effect.!517:20.29 Lastly, a study on a large
dataset of veterans with HIV showed that HCV coinfected individuals are also
less likely to receive HAART therapy, which may result in faster progression to
AIDS or death in this group.'s Further investigation is needed to clarify the effect
of HCV coinfection on HIV disease progression and response to antiretroviral

therapy.



CHAPTER II: MANUSCRIPT

INTRODUCTION

Hepatitis C (HCV) coinfection is common among individuals infected with
human immunodeficiency virus (HIV). The Centers for Disease Control and
Prevention (CDC) estimates that the prevalence of HCV infection among HIV-
positive patients is 25-30% compared to only 3-4% in the general population.®3
High rates of coinfection are thought to be attributable to shared means of viral
transmission, including parenteral and sexual routes. 91221 Among patients who
acquired HIV through intravenous drug use (IVDU) or transfusion of
contaminated blood products, the prevalence of HCV coinfection is 75-80%.9-12-
15,17,19,22,23

The clinical impact of HCV coinfection on HIV-positive patients has been
studied in a variety of patient populations. The majority of studies using data
collected after the introduction of highly active antiretroviral therapy (HAART) in
1996 show that HIV/HCYV coinfected individuals have higher all-cause mortality
rates than those infected with HIV alone.6:11.18:22,26-28 Notably, liver disease is one
of the most common causes of hospitalization and death among HIV-positive
patients in the HAART era.20:27:38 One large observational study estimated that
9% of deaths among HIV-positive patients are due to liver-related causes.25:3!

Although liver disease is an important cause of death among HCV/HIV
coinfected individuals, it does not completely explain the observed increase in all-
cause mortality in this population. Some hypothesize that HCV increases
mortality by promoting chronic inflammation and by compromising immune cell

function in HIV-positive patients. Studies have also shown that HIV-positive
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individuals who are infected with HCV have a higher rate of certain extrahepatic
comorbidities and socioeconomic problems that may contribute to higher
mortality in this population.:.9:17:27:33.34

Although it is well known that the presence of HIV accelerates the progression
of HCV-related liver disease, there is conflicting evidence as to whether HCV
infection affects the progression of HIV to AIDS.15:19:2:29 Several observational
studies have shown that HCV coinfected individuals have a higher prevalence of
opportunistic infections (OIs) and experience a more rapid progression to AIDS
from the time of HIV diagnosis.!5:29 In contrast, a large meta-analysis by Chen et
al. showed no association between HCV coinfection and risk for OIs or rate of
progression to AIDS.2!

The present analysis is an extension of two prior reports that were based on
the HIV Atlanta VA Cohort Study (HAVACS), a computerized dataset of
prospectively gathered information on HIV-positive patients who received care at
the Infectious Disease Clinic at the Atlanta Veterans Affairs (VA) Medical Center
between January 1982 and April 2014.%5 The first study, conducted in the pre-
HAART era, showed no increase in mortality among HCV coinfected patients
when compared to those who were infected with HIV alone, which is consistent
with other studies from this period.® The second study analyzed data collected
after the introduction of HAART and found that HCV coinfection status was
associated with decreased intervals from time of HIV and AIDS diagnoses to
death.15

The primary aim of the present study is to evaluate the effect of HCV

coinfection \ on all-cause mortality and HIV progression to AIDS among patients
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in the HAVACS cohort with the addition of new data collected since 2001. This
study also expands on prior HAVACS analyses through the application of new
modeling strategies such as formal assessment of statistical interaction among
covariates, and re-evaluation of the proportional hazards regression (PHR) model

assumptions in view of the extended follow up.

METHODS
Study Population and Variables

The HAVACS data used in the present analysis covered the interval from
January 1997 through April 2014. Patients who were seen prior to 1997 were
excluded to limit the analysis to the post-HAART period. After exclusions, 3,236
patients remained in the analysis. The primary study outcomes were all-cause
mortality and AIDS diagnosis. The independent variable of interest was
coinfection with HCV. Covariates that were assessed as potential confounding
factors or effect modifiers included age at diagnoses of HIV and AIDS
(categorized as older vs. younger than age 40 at time of diagnosis), race, history
of ARV use, history of infection with hepatitis B (HBV) virus, CD4 cell count at
time of HCV testing, and primary risk factor for acquisition of HIV.

HIV status was determined using serological enzyme immunoassay (EIA)
and was confirmed by Western blot testing. Presence of HCV infection was
established using EIA for anti-HCV antibodies. A small number of patients who
were diagnosed with acute HCV, but who never developed chronic HCV, were not
included in the coinfected group. History of HBV infection was determined by

serologic testing for HBV surface antigen and anti-HBV core antibodies. With
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respect to race, participants were categorized as: White (including Hispanic
Whites) or Other (including Blacks, Hispanic Blacks, and Asians). Patients’
primary risk factors for HIV acquisition were assigned into one of three groups:
history of IVDU, MSM, and other/unknown. The latter category included
persons with risk factors other than IVDU or MSM (e. g., work in healthcare or
history of blood transfusion), patients with no identifiable risk factors, and those
whose risk factor status was unknown. Risk factors for HIV were self-reported by
patients. Date of AIDS diagnosis was defined as the day on which the patient met
either the 1987 or the 1993 CDC definition of AIDS.39 CD4 count was measured at
the time of HCV testing and was divided into two categories (<200 cells/mms3

and >200 cells/mma3).

Statistical Analyses

Descriptive statistics were used to examine baseline demographic and
clinical characteristics of the study population. Analyses of variance (ANOVA)
and chi-square tests were used to compare the distribution of continuous and
categorical variables, respectively, among patients with and without HCV
coinfection. Kaplan Meier curves and adjusted proportional hazard (PH)
regression models were used to compare survival of HCV/HIV coinfected and
HIV monoinfected patients for the following time-to-event outcomes: 1) from
HIV-diagnosis to death, 2) from HIV diagnosis to AIDS diagnosis, and 3) from
AIDS diagnosis to death. Observations were censored at the date of last follow up
at the Atlanta VA Medical Center or on April 1, 2014, whichever occurred first.

For all three multivariate models, PH assumptions were tested by inspecting the
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log-log curves. For co-variates that did not satisfy PH assumptions, stratified
analyses were performed, and no hazard ratios were generated. Kaplan-Meier
curves were accompanied by log-rank tests. The results of survival analyses were
expressed as hazard ratios (HR) and the corresponding 95% confidence intervals
(CI). All models were assessed for interactions. In the presence of interaction,
separate stratum specific analyses were performed to more fully assess effect
modification. Two sided p-values of <0.05 were considered statistically
significant. All analyses were performed using Statistical Analysis Software (SAS)

version 9.3.

RESULTS
Cohort Characteristics

A total of 3,236 patients from the HAVACS dataset were eligible for
inclusion in this study. HCV coinfection was present in 21% (n=693) of the total
study participants. The mean age of participants at the time of HIV diagnosis
was 37.3 years with a standard deviation (SD) of 11.0 years. The cohort was
predominantly male (98%), and over three-quarters of participants (77%) were
African Americans. Over a quarter of patients in the cohort (n=844) received a
diagnosis of AIDS before the end of the follow-up period. Greater than 90%
(n=2,922) of patients reported a history of antiretroviral use in the past. The
most common risk factor for HIV was a history of male-to-male sexual contact,
which was reported in 50% of patients. Twenty-seven percent (n=890) of all

study participants died during the follow-up period (Table 1). Nearly a third of
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patients died from AIDS-related causes (25%, n=251), and 7% (n=63) died from

liver-related causes (Figure 1).

Bivariate analyses

Compared to the HIV monoinfected group, HCV coinfected patients were
older at the time of HIV diagnosis (mean age: 40 vs. 37 years, p<0.001) and were
more likely to be African American (85% vs. 25%, p<0.001). A history of AIDS
diagnosis was more common in the HCV coinfected sub-cohort (29% vs. 25%,
p=0.03). The most common primary risk factor for HIV among HCV-positive
patients was a history of IVDU, while MSM was the most common reported risk
factor among HIV monoinfected patients (p<0.001). Prevalence of past ARV use
did not differ significantly by HCV coinfection status (p=0.233). A greater
percentage of HCV-positive patients relative to HCV-negative patients (45% vs.

23%, p<0.001) died during the follow up period (Table 1).

Survival Analyses

For the first survival analysis (assessing time from HIV diagnosis to
death), a significant interaction was observed between HCV coinfection status
and CD4 count at the time of testing for HCV. To address this issue, the cohort
was divided into two groups: patients with AIDS-defining CD4 counts (< 200
cells/mms3) and patients with higher CD4 counts (=200 cells/mms3). Separate KM
curves and hazards ratios were generated for each group. Among patients with
low CD4 counts (Figure 2a), the presence of HCV coinfection was not

significantly associated with survival from time of HIV diagnosis (log-rank p-



15

value = 0.122). In contrast, among patients with a CD4 count >200 cells/mms3
(Figure 2b) HCV coinfected participants had lower survival after HIV diagnosis
(p<0.001). The corresponding multivariable PHR models (Table 2) showed that
HCV coinfection was not associated decreased survival among patients with low
CD4 count (HR=0.95, 95% CI: 0.76-1.19); however, patients with HCV
experienced shorter survival time after HIV diagnosis in the group with higher
CD4 counts (HR=1.66, 95% CI: 1.27-2.17).

In the analyses assessing survival following AIDS diagnosis, presence of
HCYV infection was associated with higher mortality (log-rank p-value <0.001), as
evidenced in the KM curves (Figure 3). In the PHR models adjusting for
additional covariates (Table 3), the HR estimate reflecting the association
between HCV and post-AIDS survival was 1.33 (95% CI: 1.03-1.72). Other factors
independently and significantly associated with survival in this model, included
ARV use (HR=0.29), history of IVDU as primary risk factor (HR=1.41), and CD4
count >200 cells/mm3 (HR=0.034) at time of HCV testing.

KM curves for the interval between HIV and AIDS diagnoses (Figure 4)
showed no difference between HCV infected and non-infected cohorts members
(log-rank p-value =0.397). As shown in Table 4, the result remained statistically
non-significant after adjusting for covariates (HR=0.87, 95% CI=0.72-1.10). Itis
important to note that this third model was limited because there were multiple
covariates that failed to meet the PH assumptions. A stratified analysis was
performed for each of these variables, which included history of ARV treatment,
history of hepatitis B infection, and primary risk factor for HIV, and no hazards

ratios were generated. The only other variable that was significantly associated
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with transition from HIV to AIDS was CD4 count. Using 200 cells/mms as the
cutoff, those with high CD4 count at the time of HIV diagnosis had a roughly 86%
lower incidence rate of AIDS (HR=0.14, 95% CI=0.11-0.17) than those with lower

CD4 concentrations.

DISCUSSION

The aim of the present study was to evaluate the role of HCV coinfection in
all-cause mortality and progression to AIDS among HIV-positive veterans in the
post-HAART era. We found that HCV coinfection was not associated with
survival after HIV diagnosis among patients with low CD4 cell count (< 200
cells/mms3). In contrast, in patients with higher CD4 counts (=200 cells/mm3),
HCYV infection was associated with decreased survival after HIV diagnosis. We
also analyzed survival after AIDS diagnosis and found that patients who were
infected with HCV and those with lower CD4 counts had a shorter length of
survival compared to HIV monoinfected patients and subjects with higher CD4
concentrations. Lastly, our results showed while HCV infection was not
significantly associated with progression from HIV diagnosis to AIDS, CD4 count
remained an important predictor of this outcome.

Our findings regarding survival following HIV and AIDS diagnoses
reaffirm those of the 2004 HAVACS publication, which conducted a similar
analysis using data collected between 19977 and 2001.15 The 2004 HAVACS study
found that HCV coinfection was associated with decreased length of survival after
both HIV diagnosis (HR= 2.47; 95% CI: 1.26—4.82) and AIDS diagnosis (HR

1.84; 95% CI: 1.09—3.10). This study found no difference in length of time from
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HIV to AIDS diagnoses between HCV coinfected patients compared to HIV
monoinfected patients. In comparison, the first HAVACS report, which analyzed
data collected in the pre-HAART between 1992-1997,° showed no effect of HCV
coinfection on survival from time of HIV (HR=1.11) and AIDS diagnoses
(HR=1.07) to death and no difference in length of time to AIDS progression
(HR=0.98).

The trends in mortality among HCV/HIV coinfected patients in the
HAVACS cohort are in agreement with similar findings from other study
populations. Evidence from previous studies conducted in the pre-HAART era
shows no impact of HCV coinfection on mortality or progression to AIDS, while
data collected and analyzed following introduction of the HAART indicate that
HCV infection is associated with decreased survival among HIV-positive
patients.6:11.18,22,26-28 A meta-analysis of 27 studies from the pre- and post-HAART
eras reported that HCV coinfection was associated with lower mortality among
HIV-positive patients (odds ratio [OR]=0.68, 95% CI=0.53—0.87) in the pre-
HAART era, but the association changed direction (OR=1.35, 95% CI= 1.11-1.63)
in the post-HAART era.2!

There are several hypothesized reasons for the observed differences in
survival of HCV/HIV coinfected patients when comparing the pre- and post-
HAART eras. First, after the introduction of HAART in 1996, HIV-positive
patients experienced longer survival times after HIV diagnosis and fewer AIDS-
related deaths. Among HCV coinfected patients, longer lifespans following HIV
diagnosis allowed for greater chance of developing liver disease related to their

HCV, which has become one of the most common causes of hospitalization and
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death among coinfected patients in the HAART era.9:11,12,18,21,25,26,29,31 Studies have
also shown that HIV-positive individuals who are infected with hepatitis C have a
higher prevalence of extrahepatic comorbidities, such as type 2 diabetes,
cardiovascular disease, hypertension, renal disease, psychiatric conditions,
dementia, lymphoma, and other malignancies that may contribute to decreased
survival in this group.?9:17:27:33.3429 HCV coinfected patients have also been shown
to be affected by substance abuse, unemployment, and homelessness, all of which
can impact healthcare access, treatment compliance, and mortality.97

The literature is less consistent in determining the effect of HCV coinfection
on HIV progression to AIDS in the HAART era. 1519:21:29 Several prior survival
analyses have shown that time from diagnosis of HIV to diagnosis of AIDS is
shorter in HCV coinfected individuals. 1529 Other studies have shown that there is
a higher risk for bacterial and mycotic AIDS-defining illnesses (ADIs) and HIV-
related diseases, such as wasting syndrome and HIV-dementia among coinfected
patients.29 In contrast, a large meta-analysis by Chen et al. showed no association
between HCV coinfection and risk for ADIs or acceleration of HIV disease
progression.2!

There are several limitations to this study. First, the generalizability of our
findings may be limited given the demographics of the study population (the
participants included in the HAVACS cohort are 97.3% percent male and 76.8%
African American). Also, we used multivariate analyses which controlled for
several potentially confounding variables; however, there are likely other
unknown or unmeasured covariates (e.g., HCV genotype, aminotransferase

levels) which were not included that may have affected our results. Lastly, risk
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factors for HIV acquisition (i.e., IVDU, MSM) were self-reported, and may be
inaccurate.

Despite the aforementioned limitations, this study has several notable
strengths, including a large number of study participants (n=3,326) and a long
period of follow-up (>16 years). Also, loss to follow up was minimal because
veterans receive free care within the VA medical system and therefore are not
likely to leave this system to seek care elsewhere. Under the current V.A. family
benefit structure, patients’ families have a financial incentive to report a patients’
death to the V.A. health system; therefore, lack of data on date and cause of death
is minimal in this population.

The analysis is notable for systematic and formal assessment of PH
assumptions and interactions. This feature identified a number of issues that
were considered in the analyses and affected the results and conclusions. Lack of
testing for assumptions and interactions in survival analyses is a well-
documented shortcoming of many clinical studies. For example, Tetrault et al.,
reported that only 45% of studies in the medical literature performed testing for

interactions, and only 21% of survival analyses assessed PH assumptions.

CONCLUSION

Hepatitis C coinfection among HIV positive individuals in the HAART era
is associated with decreased length of survival after HIV diagnosis in patients
with higher CD4 counts (=200 cells/mms3). Coinfection is also associated with
increased mortality after AIDS diagnosis among all patients. However, HCV

infection does not appear to significantly impact the length of time between HIV
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diagnosis and progression to AIDS. Additional research is warranted to further
evaluate the physiologic and/or socioeconomic mechanisms by which HCV
impacts survival in HIV-positive patients. Future studies also need to explore the

time-dependent effects of variables that did not meet the PH assumptions.
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TABLE 1: Characteristics of study population and relationship of covariates to HCV

infection status

All HCV HCV
Patients Negative Positive | P-value
(n=3236) | (n=2543) (n=693)
Age at HIV diagnosis (mean + STD),
years 37.3 + 11.0 36.5 + 11.2 40.4 £ 9.6 <0.001
Age at AIDS Diagnosis (mean *
STD), years 42.5 + 10.3 41.5 £ 10.6 45.3 + 8.7 <0.001
Sex, n (%)
Male 3146 (97.3) | 2464 (96.9) | 682(98.4) | 0.035
Female 89 (2.8) 78 (3.1) 11 (1.6)
Race, n (%) <0.001
Black 2469 (76.8) 630 (25.0) 588 (85.0)
White 731 (22.7) 1881 (74.5) 101 (14.6)
Other 15 (0.5) 12 (0.5) 3(0.4)
AIDS diagnosis, n (%) 844 (26.1) 641 (25.2) 203 (29.3) 0.030
CD4 Count at HCV testing
(cells/mm3), n (%) <0.001
<200 806 (25.6) 560 (23.1) 237 (34.6)
2200 2340 (74.4) | 1892(76.9) | 448 (65.4)
Primary Risk Factor Group, n (%) <0.001
MSM 1613 (49.9) | 1425 (56.0) 188 (27.1)
Injection Drug User 507 (15.7) 149 (5.9) 358 (51.7)
Other 211 (6.5) 186 (7.3) 25 (3.6)
Unknown 905 (28.0) 783 (30.8) 122 (17.6)
History of ARV use, n (%) 2022 (90.3) | 2288 (90.0) 634 (91.5) 0.233
History of Hepatitis B Infection, n
(%) 282 (8.7) 231(9.1) 51(7.4) 0.154
Patient Outcome, n (%) <0.001
Survival 1572 (48.6) 1326 (52.1) 246 (35.5)
Death 890 (27.5) 577 (22.7) 313 (45.2)
Lost to Follow up 774 (23.9) 640 (25.2) 134 (19.3)
KEY

AIDS defined as CD4 < 200 cells/microliter or presence of AIDS-defining illness

IVDU: Intravenous drug use
MSM: Men who have sex with men
ART: Antiretroviral
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Table 2: Multivariable survival analysis for time from HIV

diagnosis to death, stratified by CD4 cell count

CD4 count < 200 cells/mm3

CD4 count = 200 cells/mms3

95% 95%
Hazard | Confidence Hazard | Confidence
Ratio Interval P-value | Ratio Interval P-value

Hepatitis C
Infection 0.95 (0.76, 1.19) 0.667 1.66 (1.27, 2.17) <0.001
Age > 40 at HIV (2.298,
Diagnosis 1.99 (1.64, 2.42) <0.001 2.844 3.619) <0.001
Primary Risk
factor

MSM Ref Ref Ref Ref Ref Ref

IVDU 1.38 (1.06, 1.78) 0.015 2.02 (1.45, 2.80) <0.001

Other/Unknown 1.33 (1.06, 1.67) 0.014 1.76 (1.35, 2.30) <0.001
History of ARV
use -- -- -- 2.88 (0.31, 0.60) <0.001
Hepatitis B
Infection 1.16 (0.90, 1.51) 0.261 1.75 (1.22, 2.50) 0.002
Race 1.05 (0.85,1.31) 0.652 0.77 (0.60, 1.00) 0.048

-- Did not satisfy PH assumptions and was used in the model as a stratifying variable. No hazard
ratios were generated for this variable.
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Table 3: Multivariable survival analysis for time from AIDS

diagnosis to death

Hazard 95% Confidence
Ratio Interval P-value

Hepatitis C Infection 1.33 (1.03, 1.72) 0.031
Age > 40 at HIV
Diagnosis 1.18 (0.95, 1.46) 0.136
Primary Risk factor

MSM Ref Ref Ref

IVDU 1.41 (1.05, 1.90) 0.022

Other/Unknown 1.15 (0.88, 1.49) 0.293
History of ARV use 0.29 (0.20, 0.42) <0.001
CD4 Count

< 200 cells/mm3 Ref Ref Ref

>200 cells/mm3 0.16 (0.12, 0.21) <0.001
History of Hepatitis B
Infection -- -- --
Race 0.85 (0.66, 1.09) 0.197

-- Did not satisfy PH assumptions and was used in the model as a stratifying
variable. No hazard ratio was generated for this variable.
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Table 4: Multivariable survival analysis for time from HIV diagnosis

to AIDS diagnosis

Hazard
Ratio

95% Confidence
Interval

P-value

Hepatitis C Infection

0.87

(0.72,1.06)

0.155

Age > 40 at HIV
Diagnosis

Primary Risk factor*

MSM

IVDU

Other/Unknown

History of ARV use

CD4 Count

< 200 cells/mm3

Ref

Ref

Ref

>200 cells/mm3

0.26

(0.22, 0.29)

<0.001

History of Hepatitis B
Infection*

Race

0.90

(0.76, 1.06)

0.212

-- Did not satisfy PH assumptions and were used in the model as stratifying
variables. No hazard ratios were generated for these variables.




Figure 1: Causes of Death, total study population

\

&~
o =

& AIDS-related

K Infection-not pulmonary

“ Violence/drugs

& Pulmonary

& Liver- including HCC

“ Cardiovascular

“ Renal

“ Malignancy- not HCC
Other

“ Sudden death

28



29

FIGURE 2a: Kaplan Meier analysis comparing length of survival from
time of HIV diagnosis to death (patients with CD4 count < 200 at the

time of HCV diagnosis) (p=0.1218)
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FIGURE 2b: Kaplan Meier analysis comparing length of survival from
time of HIV diagnosis to death (patients with CD4 count =200 at the
time of HCV diagnosis) (p<0.0001)
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FIGURE 3: Kaplan Meier analysis comparing length of survival from

time of AIDS diagnosis to death (p=0.0006)
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FIGURE 4: Kaplan Meier analysis comparing length of survival from
time of HIV to AIDS diagnosis (p=0.3964)
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