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Introduction

We are now 25 years into the HIV epidemic. The first reported case of acquired
immunodeficiency syndrome (AIDS) was reported in 1981 in a young “healthy” male
[1]. During the earlier days of HIV, the epidemic was marked by deaths due to
opportunistic infections (OIs) and AIDS related cancers. In 1996, highly active
antiretroviral therapy (HAART) become available and changed the course of HIV
disease. A dramatic improvement in HIV/AIDS related mortality [2-4] has occurred with
HAART and immune restoration. Over the past ten years, however, new diseases have
emerged as a cause of significant morbidity and mortality as Ols have become less
common [2]. These emerging comorbid conditions include liver, cardiovascular, and
oncological diseases.

As HIV has become a chronic disease with the use of HAART, other co-morbid
illnesses such as chronic viral hepatitis due to hepatitis B (HBV) or C (HCV) are
impacting the course and quality of life in HIV-infected persons. HIV therapy itself also
affects the liver due to drug induced hepatotoxicity and mitochondrial toxicity. In
addition, immune restoration due to HAART may also impact viral hepatitis leading to
hepatic flares. Thus, liver disease has grown to play an important role in HIV-infected
persons. This protocol will review the impact of viral hepatitis and HAART on liver
disease in HIV-infected persons.

Liver Disease in the Pre-HAART Era

In the earlier years of the HIV/AIDS epidemic, a person often was diagnosed
when he presented with his first OI. Over time, prophylactic medications were used to
prevent or at least diminish the occurrence of certain Ols such as pneumocystis
pneumonia (PCP) and toxoplasmosis with trimethoprim/sulfamethoxazole or
mycobacteria avium intracellulare (MAI) with azithromycin.

Liver disease during this time was often related to hepatitis due to systemic Ols or
neoplastic diseases. An estimated 75% of patients with AIDS were reported to have liver
function abnormalities and hepatomegaly [5]. Early reports frequently found unexplained
histologic findings including granulomas, steatosis, and focal hepatic necrosis. Over 75%
of AIDS patients, most of whom had injection drug use (IDU) or were men who have sex
with men (MSM), had serologic evidence of HBV exposure. The impact of HCV on liver
disease was not known at the time. Other viral infections, were seen on liver
biopsies/autopsies. For example, cytomegalovirus (CMV) that often causes retinitis,
esophagitis, or colitis can also cause hepatitis. Herpes simplex virus (HSV) has been
reported to cause fulminant hepatitis in AIDS patients [6].

Mycobacterial diseases were also commonly seen on liver biopsy specimens and
again reflected systemic disease. Liver biopsy specimens typically revealed noncaseating
granulomas with a paucity of lymphocytes[5]. Mycobacterium tuberculosis (MTB), often
seen in AIDS patients, could be seen on liver biopsies but often with few to rare acid-fast
bacilli (AFB). Mycobacterium avium-intracellular (MAI) was seen in those patients with
CD4 counts <50 cells/pL and liver biopsies would often reveal larger numbers of AFB
than seen in MTB.




Bacillary angiomatosis, due to Bartonella quintana, a gram-negative bacillus
associated with skin lesions and in the immunocompromised host can be associated with
disseminated disease, including the liver. Several cases of bacillary angiomatosis
associated with peliosis hepatitis have been described [7].

Fungal infections due to Cryptococcus neoformans, Histoplasmosis capsulatum
Candida albicans, and Coccidioides imitis can all involve the liver. Although primary
hepatic involvement is uncommon, disseminated disease can often involve the liver and
cause granulomas [5].

Protozoal infections, most commonly, PCP have been reported to cause infections
in the liver [8]. AIDS -related OIs can also affect the biliary system. AIDS
cholangiopathy is characterized by chronic abdominal pain, low-grade fever, and
cholestasis with biliary dilation and irregular bile duct wall. It has been estimated that
60% of these cases were due to cryptosporidium or CMV and the other 40% were related
to enterocytozoon bieneusi (E.bieneusi) [9].

Opportunistic neoplasms such Kaposi’s sarcoma (KS), non-Hodgkin’s lymphoma
(NHL), and Hodgkin’s disease can all affect the liver, but often these are secondary
manifestations instead of primary disease. Up to one-third of patients with cutaneous KS
have hepatic involvement [10, 11]. Both NHL and Hodgkin’s disease often present with
extranodal and diffuse disease in AIDS patients, but primary hepatic involvement has
been reported [11-13].

Figure 1: Survival from age 25
years. Cumulative survival curve
for HIV-infected persons (without
hepatitis C coinfection) and
persons from the general
population. Persons with HIV
infection are divided into 3
calendar periods of observation.
Dashed lines indicate 95% ClIs.
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In 1996, HAART became available leading to a subsequent decrease in AIDS
mortality [3]. Furthermore, a decrease in OIs and mortality due to OIs also occurred [2,
14]. The impact of HAART was measured recently in a study from Denmark that
examined survival in all HIV-infected persons (n=3990) compared to the general
population (n=379,872) from 1995-2005. The median survival in HIV-infected persons,
estimated from age 25 was 19.9 years (95% CI, 18.5-21.3) compared to 51.1 years (95%
ClI, 50.9-51.5) for those without HIV (Figure 1). However the overall survival increased
to 32.5 years (95% CI, 29.4-34.7) in those with HIV during 2000-2005 period. In a
subgroup analysis of those without HCV, the survival was 38.9 years (95% CI, 35-40.1)
compared to 19.6 years (95% CI, 16.1-21.9) for those with HCV/HIV 2000-2005 [15].
Over the past ten years, patients are living longer due to HAART, but experiencing



increased morbidity and mortality from other diseases such as HCV, which shortens life
expectancy.
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Between 1995-1999 in the US, mortality from CMV, cachexia/wasting, and dementia
decreased, but increased from septicemia, diseases of the liver, kidney, and heart [16]
(Figure 2). Liver disease related deaths increased from 4.9% to 11.6% during this time
period. Thus, liver diseases in HIV-infected persons are of increasing importance in the
post-HAART era, defined as the period after 1996.

Hepatitis C

Epidemiology and Prevalence

HCV is the most common viral hepatitis in HIV-infected persons because of the
common route of transmission through IDU. The prevalence of HCV varies depending on
the risk factors of the population. For example, in cohorts composed primarily MSMs, the
prevalence of HCV is only 10%. However, in populations with a high proportion of IDU,
the prevalence may be as high as 60-70%. In most HIV clinics, the prevalence is
approximately 30%. At the Parkland HIV clinic, 25% of HIV-infected persons are
coinfected with HCV.

Six distinct genotypes of HCV have been described. Genotype 1 is the dominate
genotype in the US and accounts for 75-80% of infections. Genotypes 2 and 3 are more
commonly seen in Europe. The prevalence of HCV genotypes in coinfected patients is
similar in those with HCV alone.

Recently, reports of acute HCV occurring in MSM have been published. In one
retrospective study of 12 HIV-positive MSM, 10 of the patients had asymptomatic acute
infection with seroconversion of anti-HCV and detection of serum HCV RNA. HCV
genotype 4d was found and on phylogenetic analysis clustered separately suggesting a
common source infection. The only risk factor in these patients was unprotected sexual
intercourse with men [17]. Another study from Paris identified 29 cases of acute HCV in
HIV+ MSM who had no other risk factors for HCV acquisition except unprotected anal
sex, fisting, and concomitant sexually transmitted infections. Thus, unprotected sexual




intercourse with bleeding/trauma and perhaps mucosal lesions due to other sexually
transmitted diseases may facilitate the sexual transmission of HCV[18, 19].

Spontaneous clearance of HCV is estimated to occur between 15% to 38% in
those with HCV alone [20]. In HIV/HCV patients, spontaneous clearance of HCV
appears to be reduced. A longitudinal study following injection drug users found the
spontaneous clearance of HCV to be 7.4% in those with HIV. In those with CD4 cell
count >500 cells/pL, the rate was 8.3% compared to 5% in those with CD4<200 cells/uL
[21]. However a recent prospective study of 50 HIV-infected persons with acute HCV
found spontaneous clearance of HCV RNA in 12/50 (24%) at 12 weeks. Spontaneous
clearance was associated with higher baseline CD4 count and lower HCV RNA levels
[22].

Diagnosis

The diagnosis of HCV is made by an enzyme-linked immunosorbent assay (EIA).
However, false negative HCV antibodies have been reported in those with severe
immune suppression. A recent study examined 1175 HIV-infected patients from three
different cohorts in which HCV EIA 2.0 had been used and found 3.2% of the anti-HCV
negative patients had HCV by HCV RNA. However, in a subset of injection drug users
who had either an elevated ALT or a CD4 cell count <200 cells/pL, the prevalence of a
false negative anti-HCV was 24% [23]. Of course, it is possible that some of the
seronegative patients were acute infections. However, we found an increased risk of
seronegative antibodies in those with a CD4<100 [24]. In longitudinal samples, we
demonstrated the appearance of anti-HCV with immune restoration in patients who were
initially seronegative while being HCV RNA+. More compelling, however, may be the
cases in which anti-HCV was seen and HCV RNA was positive, then with immune
failure subsequent tests found anti-HCV to be negative while HCV RNA persisted.
Although the newer generation EIAs are more sensitive than the previous ones, the
diagnosis of HCV infection may be complicated due to the impact of immune
suppression. All HIV-infected patients with abnormal ALT or history of IDU and
immune suppression should have a confirmatory HCV RNA if HCV EIA is negative.
Both qualitative and quantitative HCV RNA assays are available and can be used to
confirm the diagnosis of active HCV.

Impact of HIV disease on HCV
HCV viral load (VL)

HCV VL appears to be elevated in HIV-infected patients in most studies [25-32]
but not all [33, 34]. A longitudinal study of injection drug users with HCV found a
dramatic increase in HCV RNA levels in those who subsequently became anti-HIV+.
HCV VL may also be associated with CD4 cell count. Several studies have indicated an
inverse correlation of CD4 count and HCV RNA. Thus, more severe immune
suppression was associated with higher HCV RNA levels [26, 31-34].

The impact of HAART and immune restoration on HCV RNA remains
controversial. Several case reports have shown HCV viral suppression following the use
of HAART [35, 36]. Chung and colleagues examined 60 HIV/HCV coinfected patients
enrolled in AIDS Clinical Trial Group (ACTG) study for at least 16 weeks of HAART.
Immune recovery was associated with persistent increases in HCV RNA especially in




those with baseline CD4 cell counts <350 cells/uL [37]. Others have reported similar
findings [38-41]. HCV RNA was noted to increase initially and then return to baseline
after 17 and 32 weeks of therapy [42] in one study. Others have reported a modest
decrease in HCV RNA at 12 months [43] or no change at all [44, 45]. Thus, several
studies appear to suggest that an increase in HCV RNA; however this increase in HCV
RNA log;ois 0.2-0.8, which may not be clinically significant. The effect of immune
suppression on HCV viral replication and clearance needs to be studied further. In
addition, improvement in CD4 count may not correlate with restoration of immune
function, which may explain the discrepant findings.

HCYV disease progression

Numerous studies show HCV disease progression to cirrhosis or end stage liver
disease (ESLD) is faster in those with coinfection than those with HCV alone. The
prevalence of cirrhosis in HIV/HCV co-infected patients appears to be inversely
correlated with CD4 cell count [46]. Factors associated with increased progression to
cirrhosis include CD4 count <200 cells/uL and alcohol consumption >50 g/day [47].
Even after controlling for confounders such as alcohol, duration of HCV infection, and
age, an accelerated progression to cirrhosis appears to occur in those with HIV/HCV [48-
50] especially with CD4 <200 cells/pL [47-49]. In hemophiliacs, using the endpoint of
ESLD, a faster progression was also seen in those with HIV/HCV compared to HCV
alone [51-54] especially with lower CD4 cell counts. A meta-analysis using studies in
both injection drug users and hemophiliacs found an adjusted relative risk of 2.92 (95%
CI, 1.7-5.01) for the combined end point of decompensated liver disease or histologic
cirrhosis [55]. Thus, HIV/HCV coinfected patients were three times more likely to
develop cirrhosis and decompensated liver disease than those with HCV alone.
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Hepatocellular cancer

Hepatocellular cancer (HCC) also seems to occur at a younger age in coinfected
compared to monoinfected persons. In one study, coinfected (n=7) developed HCC on
average at age of 42 compared to 69 in those with HCV (p<0.001). Estimated duration of
HCV was on average 18 years for coinfected compared to 28 years in those with HCV
alone, (p<0.05)[56]. An Italian-Spanish study found shorter survival in 41 HIV-infected
compared to 384 HIV negative patients with HCC [57]. However, a recent study,
evaluating 62 HIV+ patients with HCC with 226 HIV negative controls, found age of
diagnosis was significantly younger (52 vs. 64 years, p=<0.01) and patients were more
likely to be symptomatic at presentation, (51% vs. 38%, p=0.048). HCC developed on



average faster in HIV/HCV compared to those with HCV alone (26 vs. 34 years,
p=0.002. HIV-infected persons were more likely to receive HCC therapy (48% vs. 31%,
p=0.017), but median survivals were similar. HIV-infection was not an independent risk
factor for survival. In HIV-infected persons who did not receive HCC therapy, median
survival was longer in those with suppressed HIV RNA (<400 copies/mL) than those
with viremia (6.5 vs. 2.6 months, p=0.013) [58]. Thus, in HIV-infected persons with
HCC if given and able to receive HCC therapy, survival does not appear to be decreased
due to HIV status.

Mortality

HCYV has been associated with increased mortality in coinfected patients in the
post-HAART era [59]. Monga et al found 47% of deaths in HIV/HCV coinfected patients
were due to liver disease [60]. Among hemophiliacs the rate of liver mortality was 16
time higher than the general population and 5.6 times higher for liver cancer [61]. Ina
study with 25,178 HIV-infected persons, with 265 deaths in 2001, 49% (n=129) were due
to AIDS, 14% (n=38) were due to ESLD and 37% (n=98) attributable to other causes.
Furthermore, an increased prevalence of ESLD-related mortality occurred from 1995-
2001 [62]. Although population based studies are finding more evidence for increasing
liver-related death rates [63], local trends may not always reflect national changes. We
examined the causes of death in 1995 (pre-HAART) compared to 1999-2000 (post-
HAART) and found that there was a decrease in the number of deaths per year. However,
the leading cause of death in the post-HAART era remained PCP similar to the pre-
HAART era. Fifty percent of the patients who died in the post-HAART era were not on
HIV medications, some due to non-adherence and others who were recently diagnosed
but had not returned for continued HIV care as an outpatient [64]. We did see a
significantly higher rate of deaths due to ESLD in those with a CD4 >200 cells/uL. Thus,
our study reflects the importance of HAART in reducing mortality and the impact of not
receiving HAART, which leads to continued risk of deaths due to Ols.

Liverselatad mortality

1.0 ;
| Patients
with HAART

0:04 Pathents
T sal Hhwith ART Figure 4. Kaplan-Meier analysis of liver related
S. Untssated mortality. Deaths due to non-hepatic causes were

by atlents

£ o7 R censored.
® p=0-018
E 06
&

0-5-

04

03+

O

0 1000 2000 3000 4000 500D G000

Dbsenvatlon tirme (days)
Patlents under chservation:
HAART group 93 T 3 ] o] o
ART group 65 48 30 1E G 1
Untreated group 137 94 49 37 32 3T



HAART is also associated with a decrease in liver-related mortality (Figure 4). In one
study the rate of liver-related mortality was 0.45 vs. 1.70 per 100 person years of follow-
up in those on HAART compared to untreated group, p=0.018 [65] others have found
similar findings [66]. Even among patients who presented with decompensated liver
disease, survival was higher if the patients were on HAART [67].

A recently published study, which combined 11 HIV cohorts with over 23,000
patients, found that the risk of death due to liver disease increased with immune
suppression (Table 1).

Table 1: Predictors of Liver —Related Mortality

Risk Factors Adjusted Relative Risk 95% CI
CD4 <50 cells/pL vs. >500 cells/ pL 16.1 8.1-31.7
HCV 6.7 4.0-11.2
HBV 3.7 2.4-5.9
IDU 2.0 1.2-3.4
Age per 5 years 1.3 1.2-14

Univariate analysis did not show a relationship between years on HAART and
liver related mortality. However, adjustment for CD4 count and patient characteristics did
show a modest increased risk of liver-related mortality per year of HAART (RR 1.11,
95% CI 1.02-1.21, p=0.02) [68]. Although there may be some excess risk of liver-related
mortality with HAART, there seems to be evidence that the risk of death without
HAART is significantly higher.

Impact of HAART on HCV Related Liver Disease

Hepatic fibrosis progression may be slower in those who have suppressed HIV
RNA due to HAART. Those with suppressed HIV RNA progressed at a rate similar to
those with HCV alone [69]. Others have found that HAART was not associated with
more severe fibrosis [70, 71]. However, one study did show HIV/HCV coinfected
patients with more severe stage 3 or 4 fibrosis had a higher incidence of hepatotoxicity
due to HAARTJ[72].

It does appear that immune suppression enhances hepatic fibrosis, or allows HCV
liver disease to progress faster to cirrhosis. Thus, for both the improvement in HIV long-
term survival and perhaps in slowing down HCV related liver disease, HAART should be
administered in all HIV/HCV coinfected patients especially those with AIDS and
increasingly some experts suggests that perhaps administrating HAART at higher CD4
cell counts may improve liver —related mortality.

Impact of HCV on HIV disease

The impact of HCV on HIV disease progression is controversial. Some studies
suggest clinical disease progression [73] while others do not [74]. Sulkowski and
colleagues found that in the Hopkins cohort there was no difference in progression to
AIDS/death in HIV/HCV coinfected after adjusting for HAART exposure and HIV
immune suppression [75]. Others have found a slower increase in CD4 count in those
with HIV/HCV when HAART is initiated [76, 77] but over time this did not persist [78]
or appeared to have similar levels of immune restoration [37, 75, 79]. The EuroSIDA
cohort included 5957 patients with 33% HCV-positive. Among the 2260 in which HCV




status was known who initiated HAART, after adjusting for baseline characteristics; they
found no significant difference between HCV-seropositive compared to HCV —
seronegative patients with respect to virologic response (relative hazards (RH) 1.13; 95%
CI, 0.84-1.51) and immunologic response as measured by > 50% increase (RH 0.94; 95%
CI, 0.77-1.16) or a >50 cells/pL increase (RH 0.92; 95% CI, 0.77-1.11) [80]. A recent
meta-analysis using 8 studies reported patients with HIV/HCV coinfection did suggest a
blunted immune response after 12 months of HAART [81]. However, the analysis was
limited because the authors were unable to stratify results based on baseline CD4 cell
count. Clinically, patients with CD4 <100 cells/pL. may have a lower CD4 rise than those
who have a CD4 at baseline of >300 cells/ pL.

However, immune response to HAART, as measured by CD4 count, may not be
the only outcome to measure the impact on HIV disease course. A study comparing the
risk of Ols, death, and hospitalizations in the pre-HAART to post-HAART era found that
HCV+ patients did not appear to experience clear benefit from HAART as the risk of
Ols, death, and hospitalizations did not change between the pre- and post-HAART era. In
the HCV-negative group, a significant reduction was experienced for Ols,
hospitalizations, and deaths [82].

Another provocative study that may challenge the notion that HIV response is
impaired in HIV/HCV patients, examined CD4 cell counts in 60 HIV-negative patients
with cirrhosis. A total of 65% (n=39) had low CD4 cell counts with 43% (n=26) having
CD4 cell count<350 cells/puL and 7% (n=4) with <200 cells/uL. The CD4%, however,
was normal in 95% of patients. They compared their findings to CD4 cell counts reported
in the literature in healthy non-HIV patients without known liver disease and found that
cirrhotic patients had significantly lower CD4 cell counts. The authors postulate that
portal hypertension and splenic sequestration is the mechanism for these findings [83].
However, these findings have significant implications in interpreting CD4 counts in
HIV/HCYV coinfected patients. The concern about poor response to HAART may not be
due a poor immunologic response, but may be related more to the severity of liver
disease.

HCV treatment

In order to reduce liver-related morbidity and mortality; the NIH, in the last
consensus conference, stated that HIV coinfected patients need to be treated for HCV.
Since that time, several pivotal trials have been published.

APRICOT, the largest study in HIV-infected persons, randomized 868 HIV/HCV
coinfected patients into three arms: interferon alfa-2a three times weekly with ribavirin
800 mg (n=285), pegylated interferon alfa-2a alone (n=286), and pegylated interferon
alfa-2a with 800 mg of ribavirin (n=289). Pegylated interferon plus ribavirin was
superior with an overall sustained virologic response (SVR) rate of 40%. In genotype 1
the SVR was 29% and was 62% in genotypes 2 and 3 [84]. Premature discontinuation
occurred overall in 32% of patients. Approximately 1/3 of patients experienced
leukopenia, anemia, or thrombocytopenia. The incidence of pancreatitis, symptomatic
hyperlactatemia, and lactic acidosis was low. Hepatic decompensation occurred in 1.6%
(n=14) all of whom had cirrhosis and 6 of the 14 died.

ACTG 5071 treated 133 HIV/HCV coinfected patients with 180 mcg of pegylated
interferon alfa-2a compared to interferon alfa-2a (6 million units three times weekly for
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12 weeks than 3 million units until week 48) with both arms receiving dose escalation of
ribavirin starting at 600 mg. Overall SVR was 27% in the pegylated interferon arm with
14% and 73% in genotype 1 compared to genotype 2/3, respectively [85]. Premature
discontinuation occurred in 12% (n=8). Grade 2 or 3 level cytopenias, flu-like symptoms,
and depression were the most common adverse effects. One patient developed
pancreatitis, and one patient died of Hodgkin’s disease, which was not related to study
medications. Episodes of hepatic failure or lactic acidosis were not seen.

The RIBAVIC trial randomized 412 HIV/HCV coinfected patients to pegylated
interferon alfa-2b (1.5 ug/kg ) with 800 mg ribavirin compared to interferon alfa-2b (3
million units three times weekly) with 800 mg of ribavirin. The overall SVR was 27% in
the pegylated interferon with 17% achieving an SVR in genotype 1 and 44% in genotypes
2 and 3 [86]. Treatment discontinuation occurred 39% and clinical adverse events
occurred in 17%. Cytopenias were seen in up to 14% of patients. HIV-related adverse
events included increase in lipodystrophy and oral candidiasis. Pneumonia, liver failure,
and mitochondrial toxicity was seen in 3-5% of patients. Deaths occurred in 1.7% (n=7).

These studies have established that pegylated interferon can be safely used in
coinfected persons. However, drug interactions have emerged. Namely, the interaction of
ribavirin and didanosine which has led to fatal hyperlactatemia leading to an FDA black
box warning to not use these drugs concomitantly. Data is now emerging that zidovudine
may increase risk of anemia during HCV treatment [87]. Other cytopenias, which can
complicate treatment, include leukopenia/neutropenia. Growth factors such as
darbepoetin alfa, epoetin alfa, and filgrastim are often used and needed to manage the
cytopenias in coinfected patients.

Another side effect, which has become well established, is the drop in CD4 cell
count during interferon therapy due to bone marrow suppression. Although the %CD4
remains stable and may actually go up, we routinely monitor CD4 counts and administer
PCP prophylaxis if the CD4 count drops below 200 cells/pL.

The response rates, however, are lower than what is seen in HCV monoinfected
patients. Relapse after treatment discontinuation is common. This has led to the idea of
prolonging therapy to reduce relapse. An ACTG study currently underway is examining
the impact of prolonged therapy of 72 weeks in this population.

Interest has also developed in using maintenance therapy to improve fibrosis.

The data is not available as to whether maintenance therapy will improve clinical
outcomes. HALT-C is a 5-year study examining this question in HCV monoinfected
patients. SLAM-C, an ACTG study, is an ongoing study evaluating maintenance therapy
in coinfected patients.

Transplantation

There will be many patients who fail HCV treatment or have clinical progression.
Liver transplantation in these patients is being performed in many centers throughout the
country and is increasing in many centers worldwide. Concerns about transplantation in
immunosuppressed patients exist including survival, risk of Ols, drug-interactions, and
safety. The University of Pittsburgh has published data on 15 liver-transplants in HIV-
infected persons, most of whom became positive during the peri-operative period with
contaminated blood products. Among those initial 15, 7 were alive 2.75 years later. After
12.7 years of follow-up, only 2 remain alive [88] but these transplants occurred in the
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pre-HAART era. One study, using the UNOS database, identified 19 HIV-infected
patients who had received liver transplants. The overall patient survival was 79% with
median follow —up of 314 days, which is similar to non-HIV patients who have a 1 year
survival of 88% [89]. Another study in HIV/HBYV patients found a survival rate of 69%
at 1 year with no re-infection of graft when HBIG was administered with lamivudine or
adefovir/tenofovir [90]. One problem in HIV/HBV coinfected patients was a high level
of lamivudine resistance. On the other hand, transplantation in HIV/HCV has been
plagued with high numbers of re-infection after transplantation. Another issue includes
the dosing of antiretrovirals in which the pharmacokinetics may be skewed due to
decompensated liver disease. There may also be significant drug interactions with
HAART especially ritonavir-based regimens and immunosuppressive medications
requiring lowering doses of immunosuppressive drugs. An interesting finding but still not
clinically proven is the inadvertent improvement that cyclosporine may have on HIV.
Cyclosporine interferes with cellular cyclophilin, which is used by HIV for structural
protein processing. Studies from patients who acquired HIV during the peri-operative
period in the pre-HAART era seemed to have a lower risk of HIV disease progression if
on cyclosporine [91]. Much remains unknown about transplantation in this population.
The NIH has sponsored a large multi-center trial to assess safety and efficacy for kidney
and liver transplantations in HIV-infected individuals. Over time we will see if HIV-
infected patients can experience similar survival benefits as their HIV-negative
counterparts.

Hepatitis B

HBYV is a non-cytopathic virus which causes liver damage through immune-
mediated mechanisms [92, 93]. Cytotoxic CD8 T cells, in the context of HLA class I
molecules, recognize HBV antigen on the surface of infected hepatocytes and destroy the
cell leading to elevation of aminotransferases. Chronic hepatic inflammation is thought to
lead to cirrhosis. HBV establishes a persistent infection as a covalently closed circular
DNA (cccDNA) within the nucleus of the hepatocyte. Clinical disease of HBV in HIV
infected persons is mediated by both the immunosuppression of HIV and also to the
treatment of HIV with restoration of the immune system.

Prevalence and Epidemiology

The prevalence of HBV is reported to be from 6-10% in the HIV-infected cohorts.
In the Parkland HIV clinic, approximately 8% of HIV infected patients are HBsAg-
positive. Although HBYV is the leading cause of liver disease world-wide, in the US
population the prevalence is <0.5% [94].Thus, the burden of HBV is larger in the HIV
population.

The most common mode of transmission is sexual, mostly occurring in MSM.
The incidence of acute HBV has declined since the late 1980s mostly attributable to
vaccination among children and adolescents. Since 1999, the incidence of HBV has
increased 5% among men 20-39 years and males and females > 40 years of age [95]. The
most common risk factors is multiple sex partners, MSM, and IDU[94]. There has been
increases in sexually transmitted diseases among MSM including syphilis and HIV [96,
97]. The changing pattern of sexual behavior in this population may be responsible for
the increasing transmission of HBV in MSM.
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Eight HBV genotypes exist each with >8% sequence diversity. The distribution of
HBYV genotypes varies globally. In the US, the most common genotype is A. Among
Asians in the US and in China, the most common genotype is B and C. Genotype D is
more often seen in Europe, and genotype F in South America. In a small study of
HIV/HBYV patients at Parkland, we found as expected 78% with genotype A. In addition,
we had 2 with genotype F, 2 with genotype D, 4 with genotype G, and 1 with genotype
A/G mix [98]. The high number of genotype G in the HIV population is unusual but the
few cases reports of genotype G have been reported in MSM [99]. It remains to be
determined if there is a different distribution of HBV genotypes among HIV-infected
persons.

HBYV Vaccination in HIV-infected patients

Hepatitis B is a vaccine preventable disease. However, the vaccine is ineffective
in HIV patients with CD4<200 cells/pL and should be deferred until HAART can be
given to improve CD4 cell counts. In those with CD4>500 cells/pL, the response to
vaccine is 87%. However, in those with CD4 between 200-500, the response to HBV
vaccination is 33%. Thus, the majority of patients will not have protective antibodies
despite having received the full course. It has been recommended, that a more intense
vaccination schedule be performed at 0, 1, 2, and 12 months. Those who do not respond
to the first cycle should be given booster dose or given a new cycle with 40 pg. Those
with CD4 >500 cells/uL can receive the routine vaccine series at 20 pg at 0,1, and 6-12
months [100]. Unfortunately, cases of acute HBV continue to be seen in HIV-infected
patients despite these patients receiving routine medical care.

Impact of HIV on HBV disease

The natural history of HBV appears to be altered in the setting of HIV-infection.
A person with HIV who acquires HBV is much less likely to be able to clear the infection
spontaneously compared to those without HIV [101-103]. Hepatitis B e antigen (HBeAg)
seroconversion is also less likely to occur in those with HIV/HBV compared to HBV
alone. Serum aminotransferase elevations may be milder than those with HBV alone
[102-104], this is often in the setting of severe immune suppression. However, serum
HBYV DNA levels are often elevated compared to those with HBV alone [102-105].
Furthermore, histologic studies in the pre-HAART era showed that liver disease was
often milder in HIV/HBYV coinfected persons [106, 107] but others found no difference
[104, 106, 107]. Colin et al. examined the risk for cirrhosis in HIV/HBV compared to
HBYV alone and found in a multivariate analysis that HIV-infection was an independent
risk factor for cirrhosis [104]. Overall, it appears that HBV in HIV-infected patients may
have lower liver function tests, higher HBV DNA levels, milder histopathology, but still
be associated with higher prevalence of cirrhosis.

Mortality
Liver-related mortality appears to be significantly higher compared to those with

HIV alone or HBV alone. In one of the largest cohort studies, to date, composed of 5293
MSM of whom 6% (n=326) were hepatitis B surface antigen (HBsAg)-positive with 65%
having HIV-infections (n=213) and 4967 HBsAg-negative with 47% having HIV-
infection (n=2346). Liver related mortality was 14.2/1000 person years in those with
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HIV/HBsAg-positive compared to 1.7/1000 person years in those with HIV-infection and
0.8/1000 person years in those with HBsAg-positive alone. The risk was 8 times higher
of liver related mortality in those with HIV/HBV compared to HIV alone and 17 times
higher than those with HBV alone[108]. Another disturbing finding in Thio’s study was
that in those who enrolled in the cohort during the period 1996-2000, the risk of liver-
related mortality was higher (RR 11.4; 95% CI, 2.4-38.0) compared to those prior to 1996
(RR 7.6; 95% CI, 4.0-14.1)[108]. Other factors such as alcohol may contribute to
mortality. In one study examining in-hospital liver-related deaths, HBsAg -reactivity and
alcohol abuse to be independent predictors of liver-related mortality in HIV-infected
persons [109]. A recent study from France examining deaths of 964 HIV-infected persons
in 2000 found AIDS as the leading cause of death (47%) followed by liver disease (11%),
cancers (11%), and cardiovascular deaths (7%). Although AIDS remained the most
frequent cause of death in HIV/HBV patients, liver-related mortality was seen in 20%. In
those who were HBeAg-positive, the mortality rate was 27% [110]. In the subpopulation
with HIV/HBV/HCYV, liver-related mortality was significantly higher at 44% than other
groups, p<0.001) [110]. Thus, during the post-HAART era, HIV/HBV patients appear
to have increased risk of liver-related mortality.

Treatment of HBV in HIV infected persons

Nucleoside therapies used for HIV suppression and to restore immune function
may also lead to increasing liver enzyme elevations in the post-HAART era. Drug
hepatotoxicity has lead to liver failure and death in a few cases, but these cases were
using HIV medications which had no activity for HBV [111]. Now, several nucleosides
are available which have dual activity for both HIV and HBV including lamivudine,
tenofovir disoproxil fumarate, and emtricitabine. Only lamivudine is FDA approved for
both HIV and HBV indications. However, these nucleosides can be an important
component of HAART and provide viral suppression of HBV.

Lamivudine has shown at 2.7 log reduction of HBV in HIV/HBV treated with
HAART with lamivudine compared to non-lamivudine based HAART regimen [112].
HBYV virologic suppression occurs from 40-87% and HBeAg seroconversion from 22-
29% [112-114]. Comparisons between studies is difficult as the assays used to determine
HBYV DNA suppression have differing thresholds. However, these response rates appear
to be similar to those seen in HBV monoinfected persons [115].

One of the problems, which has emerged with lamivudine use as a single agent
for HBV, is the emergence of lamivudine resistance for HBV (YMDD). An estimated 32-
38% of patients on lamivudine develop YMDD mutation at 1 year [116, 117]. In
HIV/HBV coinfected patients, YMDD mutations have been detected in 14% at 1 year
and 50% at 2 years [114, 118, 119]. Over time the prevalence of HBV resistance has
been observed and may be 100% after 5 years of therapy [114]. Thus, the need for drugs
that can treat lamivudine-resistant mutations has emerged.

Tenofovir disoproxil fumarate is an effective drug for the treatment of both HIV
[120] and HBV [121, 122]. Tenofovir is active against lamivudine resistant mutations
[122]. Studies have shown a 3 to 5 log drop in HBV DNA in lamivudine-resistant
patients at 12-71 weeks [121, 123, 124]. Approximately 25% of patients on tenofovir
underwent HBeAg seroconversion at 52 weeks [125]. To date, only one case of tenofovir
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resistance has been reported [126]. However, like most drugs, resistance will probably
emerge over time.

Emtricitabine, a nucleoside analogue, has also been shown to be a potent selective
inhibitor of HIV [127] and HBV [128]. Emtricitabine 200 mg per day for 48 week
showed HBV DNA suppression (<400 copies/mL) in 54% of patients compared 2% in
placebo (p<.001). HBe Ag loss and HBe Ag seroconversion occurred 12% [129]. In a
two year study, 53% of patients on emtricitabine had HBV DNA <4700 copies/mL, 33%
anti-HBe seroconversion and 85% had normal alanine aminotransferase (ALT) [130].
However, like lamivudine, emtricitabine has already shown emergence of YMDD (rt
M2041; rtL.180M-+rtM2041/V) mutations in 9% and 18% at weeks 48 and 96,
respectively [130].

The question of dual therapy for HBV is a controversial strategy in the HBV
monoinfected patients. No data to date has shown a synergistic improvement in HBV
suppression with dual therapy. However, in the world of HIV it has become accepted that
dual therapy should be given for HBV. Experts in HIV therapy postulate that dual
therapy is beneficial to prevent the emergence of viral resistant strains and guidelines on
HIV/HBV coinfection recommend the use of combination therapy for HBV [100].

Impact of Immune Restoration

As previously described, the impact of HBV on liver disease is due the immune
response to HBV. Thus, in HIV/HBV coinfected patients in whom immune function is
restored due to HAART, HBeAg seroconversion and HBV flares can be seen. Case
reports of spontaneous HBsAg seroconversion have been reported after the initiation of
HAART [131, 132]. Often these cases of seroconversion, however, occur in the setting of
HBYV flares. However, because of concerns of drug-induced hepatotoxicity sometimes
HBYV flares are mistaken for drug-induced liver injury. HIV/HBV co-infected patients
have a higher incidence of severe (grade 4) aminotransferase elevations while on
HAART [133]. Several studies indicate HAART in co-infected patients is associated
with higher rates of HIV treatment discontinuation and fatal liver disease [59, 134].
Acute flares in disease activity may occur in chronic HBV infection in association with
spontaneous reactivation, antiviral therapy, HBV genotypic variation, superimposed
hepatotropic infections, and other opportunistic infections [111, 135]. Acute hepatitis
flares may occasionally lead to clearance of HBV DNA due to immune reconstitution
[132] and decreased HIV viremia [135] in co-infected patients. We examined three
HIV/HBV co-infected patients (Figure 5) who developed acute flares that were unlikely
to represent HAART toxicity and were most compatible with re-activation of HBV in the
setting of two active drugs against HBV. All patients received lamivudine and tenofovir
as part of HAART. The degree of liver enzyme elevation varied with each patient in
proportion to the degree of CD4" cell count recovery.

Each patient had a different CD4 rise with HAART and experienced different
magnitude of HBV flares. The patient with a rapid increase in CD4 cell count developed
severe hepatitis. However, after the hepatitis resolved, the patient had cleared HBV. The
second patient had a moderate increase in CD4 with milder elevation of liver enzymes.
Although this patient subsequently had HBV DNA suppression, she was not able to
achieve HBeAg seroconversion. The last patient had a mild increase in CD4 count in
response to HAART. His liver enzymes increased, but not as significantly. His HBV
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DNA was suppressed, but he was not able to resolve the infection and remained HBeAg-
positive [136]. Acute HBV reactivation is thought to result from stimulated cytotoxic T-
cells directed toward HBV viral epitopes on the surface of hepatocytes [135]. Restoration
of both CD4" and CDS8" cell function through HIV suppression can also lead to flare of
HBV[137]. Varying degrees of HBV-specific CD8 T-cell expansion [138] as well as
decline of serum HBV DNA load due to nucleoside therapy [135] may have led to the
HBYV flares observed.

Figure 5: Relationship of CD4" Cell
Count Increase and ALT® Elevation.
The lines depict rise in CD4" cell
count (measured on the right Y-axis).
The bars reflect elevation of ALT
(measured on the left Y-axis). X-axis
reflects months after initiation of HIV
therapy. Case 1: Patient with brisk
increase in CD4" cell count with
severe elevation of ALT. Case 2:
Patient with modest increase in CD4"
cell count with moderate increase in
ALT. Case 3: Patient with minimal
- . increase in CD4" cell count with mild
paseling imo 2me 3me Smo elevation Of ALT.
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Monitoring of HBV Response in HIV-infected persons

Over the last 10 years, HBV therapeutic options have grown. Suppression of HBV
replication using nucleos(t)ide analogues results in histologic improvement, slower
disease progression, and increased long-term survival [139]. Effective management of
patients on HBV-active drugs requires following HBV disease markers such as ALT,
HBeAg status, and, particularly, HBV DNA to determine if therapy is needed and to
assess response to treatment [140-142]. The goal of HBV therapy continues to be
suppression of HBV replication and, if possible, HBeAg clearance [141, 143]. In
addition, HBV management guidelines recommend screening for cirrhosis with imaging,
alpha-fetoprotein (AFP), and liver biopsy where appropriate [141]. Previous HIV
treatment guidelines [144] have outlined both when HIV therapy should be initiated and
HIV VL measured and currently [145] recommend agents for HIV/HBV coinfected
patients, but they do not suggest how to monitor HBV response. No studies, thus far,
have focused on how HIV providers evaluate and monitor HIV/HBV coinfected patients.
Thus, the goal of our study was to determine what level of care for HBV infection that
was being provided to HIV patients by their providers. We identified 357 HIV and
HBsAg-positive patients tested between 1999-2003; 155 patients new to our clinic who
initiated HIV and/or HBV therapy were considered for study. The frequency of HIV
tests (HIV VL and CD4 cell count) performed during the first year of therapy was
compared to HBV measurements (HBe antigen/antibody, HBV DNA), abdominal
ultrasound, and serum levels of AFP. HBV DNA was obtained in only 16% of patients
prior HAART initiation whereas 99% of the same patients had HIV VL obtained prior to
HAART. The total number of HIV VLs obtained during the first year after HAART
initiation was 497 (median per patient 3.0) compared to 85 (median per patient <1) for
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HBV DNAs (p<0.001). The proportion of patients who received any level of HBV
monitoring (HBV DNA, HBe antigen/antibody) after ART initiation increased from 7%
in 1999 to 52% in 2001 (p<0.001), while HIV VL testing in the same patients remained
at 80-90% during the same time period [146]. This study demonstrates how the field of
HIV has changed such that among the drugs we use to treat HIV, we are able to treat
HBV. However, a gap appears to exist in the level of training and awareness of how to
manage HBV disease. In fact, the Department of Health and Human Services [145]
which periodically published guidelines on the management of HIV, only recently added
a section which reflected the importance of using drugs like lamivudine, tenofovir, and
emtricitabine in HIV/HBV coinfected patients. The guidelines failed, however, to provide
recommendations on serologic and virologic tests to guide clinicians.

Hepatotoxicity

Although HAART has clearly prolonged survival in HIV-infected persons, the
trade-off may be in drug-induced toxicities including the development of diabetes,
lipodystrophy, peripheral neuropathy, to name a few. Drug-induce liver injury is also one
of the important toxicities that has emerged in the post-HAART era.

Prevalence and Natural History

The prevalence of HIV medication related liver toxicity is reported between 2%
[147] to 38% [148]. The incidence of liver enzyme elevation after HAART initiation
may vary from 0.54/100 person-years to 17.7/100 person years [149, 150]. The reason for
the variation in the prevalence and incidence of disease is in part due to the variation in
defining “hepatotoxicity.” The definition of drug induced liver injury varies with some
studies reporting hepatotoxicity as doubling of ALT or ALT>200 IU/mL. However, most
studies have adapted the ACTG scale for liver toxicity. According to the scale, severe
hepatotoxicity is defined as grade 3, defined as > 5X upper limit of normal (ULN) or
grade 4, >10X ULN, change in AST and /or ALT levels during antiretroviral therapy.
Other have used ALT/AST > 5X the ULN or 3.5X the abnormal baseline, to adjust for
those who have abnormal baseline liver function tests.

Another factor, which may affect the reporting of prevalence of “hepatotoxicity”,
is the type of population studied. In studies using clinical trials data to evaluate drug-
induce liver injury, the population entering into the study may not be representative of the
clinic population. Thus, the prevalence of those with hepatitis B and C co-infection are
limited. Furthermore, both the number of patients and person-year follow-up is limited.
However, the data collected from clinical trials is more comprehensive and is not limited
by ascertainment bias like cohort studies.

Sulkowski and colleagues have reported severe liver enzyme elevations were
seen in 10% of patients but found no severe or irreversible outcomes were seen in
patients with severe hepatotoxicity [151]. Others have found that liver enzymes,
especially in coinfected patients actually may decrease over time [152, 153].

However, a number of fulminant liver failures in HIV/HCV co-infected patients
in the HAART era were seen in one study after excluding advanced liver disease and
adjusting for alcohol intake [154]. Because of the risk of fulminant hepatitis, HIV
providers often will discontinue HAART due to perceived hepatotoxicity. In one study
HAART discontinuation due to hepatotoxicity increased from 6% in 1996 to 32% in
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1998-1999 [59], despite the fact that most cases of liver enzyme elevations do not lead to
fulminant hepatic failure.

Risk factors for toxicity

Multiple studies have found an association with chronic HCV and HBV and
severe hepatotoxicity (SH) (usually grade 3 or 4 liver enzyme elevation) [152, 155-164].
One study found an increased risk of SH was more likely in those with HCV genotype 3,
and another study found SH more common in those with grade 3-4 fibrosis [72]. Mehta
and colleagues, however, did not find that HAART lead to serious liver injury in their
cohort. In fact increased fibrosis was noted among those who had persistently elevated
liver enzymes and was not correlated with duration of type of antiretroviral therapy [71].
The mechanism of why HCV may be related to higher risk of liver enzyme elevation is
unclear. Studies have found an increase in HCV viral load in those after the initiation of
HAART [37]. However, no association with increased HCV RNA levels and liver
enzyme elevation or hepatic fibrosis has been established. However, Puoti did show that
in those who did develop SH, treatment of HCV with interferon lead to improvement in
transaminases [165]. Although mechanism that leads to higher risk of toxicity from
antiretroviral therapy in HIV/HCV co-infected patients is unclear, the treatment of HCV
may need to be considered in the management of this type of toxicity.

Alcohol abuse and drug addiction may also play an important role when
evaluating liver enzyme elevations in an HIV-infected person. In cohort studies in which
SH was based on liver enzyme elevations only, concomitant risks such as alcohol and
illicit drug use may be overlooked. Furthermore, concomitant medications used to treat
Ols in severely immunosuppressed patients may also play a role in contributing liver
enzyme elevations. Some studies have suggested abnormal baseline liver function tests
maybe a risk for future elevation of liver function tests [163, 164]. Determining what
specific antiretrovirals may cause drug injury is difficult as many cohort studies do not
represent all drugs, and since these drugs are used in combination attributing drug
toxicity to one drug is difficult. However, certain drugs have emerged in which the
mechanism of toxicity is known.

Risk of Toxicity by Drug Class

Protease Inhibitors

Protease inhibitors (PI)s have been implicated in liver enzyme elevations in
patients with HAART. Ritonavir, when used at full dose, was associated with the highest
risk of toxicity [151]. Drugs such as indinavir, saquinavir, and nelfinavir are associated
with a low risk for liver enzyme elevations [151, 166, 167]. Ritonavir, a potent inhibitor
of the cytochrome P450, enzyme system, can be used to increase the serum
concentrations of other PIs. Studies comparing HAART regimens with ritonavir-sparing
to ritonavir —boosted therapy found no differences in rates of liver enzyme elevations
[168-171]. Risk of toxicity with ALT>5 X ULN was seen in 5% of patients but was
associated with HCV or HBV coinfection [162]. Tipranavir, recently approved by the
FDA, has a black box label warning stating that tipranavir, when co-administered with
200 mg of ritonavir, has been associated with clinical hepatitis and some fatalities.
Increased vigilance is warranted in patients with HBV or HCV coinfection as these
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patients are at increased risk of hepatotoxicity[172]. The package insert for darunavir,
also metabolized by Cyp3 A, cautions on the use of this drug in patients with hepatic
impairment but no specific toxicity is associated with HCV or HBV coinfections [173].

Non-nucleoside reverse transcriptase inhibitors

Non-nucleoside reverse transcriptase inhibitors (NNRTIs) such as efavirenz and
nevirapine have been associated with hepatotoxicity. In one study 15.6% of patients on
nevirapine and 8% on efavirenz developed severe liver enzyme elevations. Only 50% of
efavirenz and 32% of nevirapine related liver enzyme elevation occurred in the first 12
weeks of starting medications. This risk was highest in those with viral hepatitis and
those also given concurrent PIs [155]. One study, which measured plasma levels of
nevirapine, found that those on nevirapine and PI or coinfected with HBV were at
increased risk of liver enzyme elevation; however, the risk of liver toxicity was not
associated with plasma concentration of nevirapine [157]. Others have found the risk of
liver toxicity to be associated with HCV, >40 g of alcohol, and nevirapine-and efavirenz-
containing regimens [158]. Gender may also play a role in drug-induced liver injury.
Women with CD4 count >250 have especially been found to be at risk for nevirapine —
related fulminant hepatic failure [174]. Whereas, a study of men who were on NNRTIs
found no increased risk for liver toxicity [147]. Two cases of fulminant hepatic failure
and 12 cases of severe liver injury in healthy subjects receiving nevirapine as part of
post-exposure prophylaxis has lead to the recommendation to avoid this drug [175, 176].

Nucleoside reverse transcriptase inhibitors

Nucleoside reverse transcriptase inhibitors (NRTIs) have been associated with
liver injury through mitochondrial dysfunction, lactic acidosis, and subsequent hepatic
steatosis. However, in the ICONA cohort stavudine was associated with a lower risk of
ALT>200 IU/L compared to zidovudine-containing regimens which is different from
most studies[159]. NRTIs have been associated with mitochondrial toxicity that will be
discussed later.

Mechanisms of toxicity

Direct toxicity

Direct toxicity of antiretrovirals or any other drug to the liver can occur as many
drugs are metabolized through the cytochrome pathways. Polymorphisms in these
pathways have been linked to hepatotoxicity [177]. For example, hyperbilirubinemia
may be seen with atazanavir. A recent study evaluating atazanavir found a direct
correlation between plasma concentrations of atazanavir and risk of hyperbilirubinemia.
Polymorphisms at MDR1-3435 influence atazanavir plasma levels, which is directly
correlated with risk of hyperbilirubinemia. Furthermore, the risk of severe
hyperbilirubinemia is further increased in the presence of UGT1A1-TA7 allele [178]. The
mechanism of hyperbilirubinemia for atazanavir appears to be similar to Gilbert’s
syndrome.

Drug hypersensitivity reaction
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Hypersensitivity reaction is an idiosyncratic reaction of the host and is not related
to dose of the drug. Most often these reactions occur within 4-6 weeks of drug initiation.
Nevirapine has been found to have this mechanism of toxicity and is often associated
with onset of fever and rash. Warning issued by the company marketing nevirapine on
the risk of severe toxicity linked to women with CD4>250 within 6 weeks of initiation of
HAART. Furthermore, low body mass index is another independent risk factor for
nevirapine hypersensitivity reaction [179]. Abacavir also has been associated with a drug-
induced hypersensitivity reaction which may occurs 5-6% of the time. The clinical
presentation, often within 6 weeks of drug initiation, is rash, abdominal pain, fever, and
sometime hepatitis. Once this reaction has occurred, re-challenge can be fatal.

Genetic polymorphisms in the host can now identify those who may be at risk for
these types of reactions. Individuals with HLA-DRB*0101 especially those with <25%
CD4 may be at greater risk of developing NVP-induced hypersensitivity reaction [180].
Abacavir which can cause drug-induced hypersensitivity reaction in 4% of those treated
also has been associated with genetic polymorphism at HLA-B*5701. Fever, rash,
nausea, vomiting, abdominal pain, and lethargy characterize the hypersensitivity reaction,
which usually occurs within 6 weeks of initiating medications. Less commonly renal or
hepatic failure, anaphylaxis, and paresthesias can be seen [181]. Because of the fatal
outcome of this reaction, a person may be evaluated for this polymorphism and if present,
the drug should be avoided.

Immune reconstitution

Liver enzyme elevation as a consequence of immune restoration has been
reported in HBV. We have shown that the degree of immune restoration correlates with
the degree of liver enzyme elevation [136]. Several studies have also shown changes in
HCV VL due to immune restoration [37, 42, 182-184]. Others have associated increase
in CD4 count to be a risk factor for liver enzyme elevations [151]. However one study
did find HCV —specific immune responses, T-cell activation and inflammation correlated
with hepatotoxicity [185]. A study in which liver biopsies were performed in those with
had >10X ULN elevation of liver enzyme or >5 X the abnormal baseline found a direct
correlation with increase in ALT and increase in CD4 count. Of the 26 patients with
severe elevation of liver enzymes, 96% were coinfected with HCV and 19% with HBV.
The authors felt that immune reconstitution was playing an important role in severe liver
enzyme elevation because most patients were coinfected with viral hepatitis; correlation
of increasing CD4 and ALT; liver histology showed exacerbation of chronic hepatitis;
absence of relapse of most patients when rechallenged and/or treated with interferon
[165]. However, it remains controversial if immune reconstitution could be the
mechanism for liver toxicity.

Mitochondrial toxicity/lactic acidosis

Although mitochondrial toxicity is infrequent it can lead to acute liver failure.
Lactic acidosis has been described as a complication of nucleoside analogue therapy,
specifically with zidovudine, stavudine [186-189], and didanosine [186, 187]. In one
study the most common regimen associated with NRTI associated symptomatic lactic
acidosis was stavudine plus didanosine [186].
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Subclinical hyperlactatemia is associated with elevated venous lactate levels and
no clinical symptoms, and has been reported to be 8-18% [190]. However, the association
with NRTIs with subclinical hyperlactatemia is poor and prognosis is excellent.
Symptomatic hyperlactatemia is thought to occur 8-14.5 cases/1000 patient-years and is
highly associated with NRTI use. Serum lactate levels are usually <5.0 mmol/L but
metabolic acidosis is not seen. Symptomatic hyperlactatemia may be associated with
hepatic injury and hepatic steatosis. The prognosis is usually good as long as NRTIs are
stopped. Lactic acidosis syndrome (LAS), reported to occur 1.3-3.9 cases/1000 patient-
years is associated with multiorgan failure and mortality has been reported to be from
30% to 100%. Co-administration of hydroxyurea or ribavirin with didanosine has also
been associated with in increased risk of LAS. Stavudine and hydroxyurea has also been
associated with this syndrome. It is thought the hydroxyurea and ribavirin increases
intracellular concentrations of triphosphate. By October 2002, 24 cases of ribavirin and
didanosine combination leading to fatal and non-fatal lactic acidosis had been reported to
the FDA, which lead to the subsequent black box label warning against the use of these
two drugs together.

Neither HIV VL or CD4 count is associated with NRTI-related hyperlactatemia
(NRH), however both female gender and obesity have been associated. The time to
presentation of NRH is reported to be 3-20 months, median time 9 months. Many patients
have a 2-4 week prodrome with the most common symptoms including nausea, vomiting,
vague abdominal pain, and abdominal distension. Some reports have found antecedent
weight loss. Patients with LAS often present with hepatic injury and at times liver failure.
Carr et al reported one case of NRTI associated hyperlactatemia and acute hepatitis with
no evidence of viral hepatitis. Liver biopsy showed hepatic steatosis and electron
microscopy showed abnormal mitochondria. Although the hepatitis and lactatemia
resolved with discontinuation of HAART, the patient went on to develop non-cirrhotic
portal hypertension and died from variceal hemorrhage [191].

Hepatic Steatosis

Fat accumulation in hepatocytes initially leads to microvesicular changes then
may lead to macrovesicular changes on histopathology. Steatohepatitis is fatty liver with
inflammation and can lead to cirrhosis. Hepatic steatosis is commonly associated by
obesity, alcoholism, and diabetes mellitus. However, this may not be the mechanism
through which hepatic steatosis occurs in HIV-infected persons. The prevalence rates of
hepatic steatosis has been reported from 38%-72% based on liver biopsies in HIVVHCV
co-infected patients [11, 192-195]. However, case reports of hepatic steatosis in HIV-
infected patients without HCV have been reported [196].

Fat redistribution due to lipodystrophy maybe a cause of hepatic steatosis in HIV
infected persons [197]. Another mechanism of hepatic fat accumulation may be through
NRH. Mitochondrial toxicity is associated with accumulation of microvesicular steatosis
and this may evolve to macrovesicular steatosis. The clinical picture may resemble
alcohol induced liver injury, acute fatty liver of pregnancy, or Reyes syndrome [177].
However the causal mechanism remains unknown. Reduced B-oxidation of fatty acids is
thought to be a possible mechanism since mitochondrial enzymes are needed for this
process.
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Several studies have evaluated hepatic steatosis in the HIV/HCV coinfected
population. Most studies have found an association with more severe steatosis and
increased fibrosis [192-195]. One prospective study did find a linear correlation between
the amount of steatosis and degree of fibrosis thus implying a possible causal relationship
[198]. Some studies found an association with certain nucleoside analogues such as
stavudine and didanosine [193, 194] but others did not [195]. Another study found an
association with >4 years of HAART and hepatic steatosis but not with any specific
component [198]. HCV genotype 3 has also associated with steatosis in some studies
[193, 195]. Interestingly, BMI was a potential risk factor in a few studies [194, 195] but
not in others [198, 199]. The pathologic findings of steatosis appears to be mixed
steatosis or microvesicular [193, 198] which is unlike the macrovesicular steatosis seen in
monoinfected patients. Perhaps a different mechanism or multiple mechanisms could be
accounting for the steatosis seen in HIV-infected patients.

Conclusions

The HIV epidemic has evolved over the last 25 years. Although we continue to
see patients with severe immunosuppression and Ols, combination antiretroviral therapy
has lead to a diminished occurrence of OIs. However, increased survival in these patients
has led to the emergence of new problems and morbidities. Because of the high rates of
coinfection with HBV and HCV, liver disease has become an important factor in the
quality and quantity of life in HIV patients. Complications of end stage liver disease
continue occur. Furthermore, the very drugs which help prolong life also bring with it
adverse side effects from direct injury to the liver or through immune restoration.

In the future, we hope to have more HIV medications, which have less liver
toxicity and can be safe and effective in HIV coinfected patients. Patients will continue to
progress to end stage liver disease and the need for transplantation will grow. The results
from the NIH study will help us determine how well HIV-infected patients can tolerate
and survive from liver and kidney transplants. Furthermore, we need to focus on
developing collaborations with our colleagues in other divisions such as hepatology,
cardiology, oncology, and endocrinology as the HIV-infected person will have
complicated diseases requiring expertise from those trained in HIV and experts from
other sub-specialties. Ultimately, the care of HIV-infected persons will require a
collaborative effort between the HIV provider and sub-specialists.
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