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Abstract

Shared epidemiological risks have resulted in HIV-infected populations having a high
prevalence of hepatitis B virus (HBV) co-infection. Several prospective studies have
investigated the impact of HBV co-infection on HIV disease progression; most of them
were negative. On the contrary, there is evidence that HIV may modify the natural
history of HBV infection. HIV positive subjects have higher rates of HBV chronification,
higher HBV replication, lower ALT levels and lower rates of seroconversion to anti-HBe
and anti-HBs. The impact of HIV co-infection on the outcome of HBV infection is still
controversial, even if some studies have shown an accelerated progression towards
decompensated cirrhosis in HIV co-infected subjects. HBV co-infection is a risk factor
for severe hepatotoxicity during HAART. Vaccination for HBV is mandatory in non-
immune HIV subjects, however its efficacy in immunesuppressed patients is still
controversial. HIV co-infection decreases the effectiveness of Interferon in the
treatment of HBV infection. Because of its activity against both HBV and HIV,
lamivudine is used in HIV-HBV co-infected patients at doses of 300 mg/daily and as
part of an antiretroviral regimen, but the rate of sustained response is poor and HBV
strains with mutations associated with lamivudine resistance occur at a rate of 20% per
year. Trials of new drugs with activity against HBV, some of them with activity also
against HIV, and some of them without cross-resistance with lamivudine, are now
underway. Highly Active Anti-Hepatitis B Therapy will probably soon come of age.
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Hepatitis B virus

The hepatitis B virus (HBV) is a 42 nm particle
belonging to the Hepadnaviridae®. The virus has
been classified by molecular diagnostic techniques
into six major genotypes, A-F8. It has a 3.2 kb, par-
tially double-stranded, relaxed circular DNA
genome that encodes four overlapping ORFs, the
envelope gene (preS/S), core gene (preC/C), the X
gene and the polymerase gene (P). The HBV
genome is translated in overlapping ORFs, which
limits the number of mutations that can be tolerated.
The HBV genome, after virus attachment to hepato-
cyte receptors, is released in the hepatocyte nucle-
us where it is converted to a covalently closed cir-
cular DNA (cccDNA) that is the template for the
synthesis of m-RNA and of the pre-genomic RNA.
The pre-genomic RNA is transported to the cyto-
plasm, incorporated in the nucleocapsids and retro-
transcribed by a reverse transcriptase into minus-
strand HBV-DNA and there, with the synthesis of
plus strand, HBV genome synthesis is completed’.
Most antiviral drugs have little or no effect on cccDNA,
accounting for the rapid reappearance of HBV-DNA
after discontinuation of antiviral therapy. Loss of
cccDNA is dependent on loss of hepatocytes, so
patients with a higher cell-turnover are likely to
deplete the cccDNA pool more rapidly and so need
treatment for a shorter time®. Several mutations in
nucleotide sequences of HBV have important clini-
cal and virological consequences. Mutations in the
polymerase gene have been found in patients
undergoing antiviral therapy who develop evidence
of antiviral resistance®. The best-characterized poly-
merase mutants are found during therapy with
lamivudine. These mutants have changes in the
conserved YMDD motif of the catalytic domain of
the polymerase enzyme that confers resistance to
lamivudine®™. The most common mutation confer-
ring resistance to lamivudine occurs at codon 552
(M552V or M5521) and is frequently coupled to
additional changes in codon 528 (L528M). These
lamivudine-resistant mutant HBV strains are less
replication efficient than wild-type' 2. Factors that
correlated with the development of lamivudine-
resistant strains are: Asian ethnicity, higher baseline
HBV-DNA levels, male sex, immune suppression
and higher body-mass index.

HiV-infected patients
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mitted both sexually and by exposure to infected
blood. Thus HBV and HIV infections share risk fac-
tors and HBV-HIV co-infection is quite common.
More than 80% of HIV-positive patients have some
markers of past or current HBV infection® and 8-
11% of them are HBsAg carriers®. The population
groups with the greatest prevalence of co-infection
are male homosexuals, intravenous drug users and
patients coming from areas with HBV endemia; a
lower rate is found among other risk groups'®.

Pathogenesis and natural history of HBV
infection

HBV pathogenesis is largely immune mediated
and not due to a cytopathic effect, and there is no
correlation between viral load and severity of liver
disease. The central event in HBV pathogenesis is
the recognition of virus-infected hepatocytes by
CD8+ cytotoxic T lymphocytes (CLT)'"®%. In the
great majority (>95%) of acute infections with HBV,
the CTL response leads to a successful viral clear-
ance'™. More than 90% of immune-competent per-
sons that become infected with HBV, after an acute
self-limited hepatitis, develop a long-lasting protec-
tive cellular and humoral immunity with clearance of
HBsAg and appearance of anti-HBsAg antibodies,
the so called HBsAg seroconversion™. In the
remaining 10% of infected subjects, this phenome-
non could occur never in life or after a long time
period. The chronic phase of ineffective but active
immune response induces chronic hepatitis, which
may eventually lead to cirrhosis. The defect in cell-
mediated immunity present in HIV infection, as with
eXx0genous immune-suppression, is known to stimu-
late HBV replication and is associated with a higher
rate of chronicization and a lower rate of HBV
immune clearance®?'.

In rare instances, HBV may exert intrinsic cyto-
pathic effects that are not immune-mediated. These
are generally found in states of endogenous
immunesuppression.

An important event in the natural history of HBV
infection, that usually occurs during a phase of
active immune response, is the HBeAg seroconver-
sion: the clearance of HBeAg from serum, followed
by the appearance of anti-HBeAg antibodies.
HBeAg is a post-translationally modificated product
of the precore/core region of HBV genome™.
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and HBeAg negative hepatitis. In Southern
Europe, 30-80% of subjects with chronic hepatitis B
are in the HBeAg negative phase™.

Diagnosis of HBV infection

A diagnosis of hepatitis can usually be made on
the clinical ground, epidemiological setting and fea-
tures; however only virus-specific tests can identify
the virus. Highly sensitive and specific tests are
available for HBsAg, HBeAg and HBeAb and are of
great diagnostic use in defining the presence of
active infection (HBsAg) or disease phase (HBeAg
and HBeADb)™. Indeed, measurement of viral nucle-
ic acid serum is important for the management of
HBV infection. The lower limit of sensitivity of these
routine tests ranges from 10° to 10° copies/ml?.
Recently, a quantitative polymerase chain reaction
assay has been developed that can detect HBV-
DNA at levels as low as 10? to 10° copies/ml. This
assay detects HBV-DNA in a higher proportion of
patients with chronic HBV infection and can yield
positive results even in HBsAg carriers without
apparent disease®. An arbitrary value of 10°
copies/ml was chosen as the threshold indicating
chronic hepatitis B at a recent NIH conference®.
The detection of anti-HBc IgM class reactivity is
also a useful test in clinical practice: high titres indi-
cate acute and recent infection, lower titres might
indicate chronic ongoing immune response against
HBV antigen that is usually related to HBV-induced
liver injury. Anti-HBs antibodies are the marker of
immunity and protection against HBV.

Impact of HBV co-infection on HIV disease
progression

HBV is mainly an hepatotropic virus, but it has
also been shown to be a lymphotropic virus so that
HIV-1 and HBV “meet” at the cellular level in co-
infected patients® Extra-chromosomal sequences
of HBV-DNA in peripheral mononuclear cells have
been reported as more prevalent among AIDS
patients than among asymptomatic HIV carriers®.
This finding suggests a complex interaction
between HIV and HBV and some authors have sug-
gested that HBV could alter the course of HIV infec-
tion, inducing faster progression to AIDS. Recent
studies have been conducted to investigate the
molecular relatlonsh|p
recent study has demonstrat
(HBx) super-induces ongoing HIV replication
HIV-1 long-terminal  repeat]
These results obtained in vitro support the hypothe
sis that HBx could contnb toaf \ﬁﬁpro res
to AIDS in HBV-HIV cUWf Ul (fJ

Several cross-sectional and Iong|tud|nal studies
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homosexuals, but this study has not excluded an
effect on the development of certain HIV-related
complications, such as thrombocytopenia®,

On the other hand, two studies identified an asso-
ciation between HBV infection and a more severe
evolution of HIV disease. In a Scandinavian cohort
of homosexual men, the influence of previous or
present hepatitis B infection was associated with a
more rapid HIV disease progression®. Another
study revealed that HBV co-infection was associat-
ed with reduced survival in patients with full-blown
AIDS®,

These investigations, however, suffer from many
limitations. Small sample size, lack of CD4+ base-
line cells, incomplete representation of the transmis-
sion categories, unknown date of HIV infection and
partial knowledge of HBV markers can explain
these contrasting results.

Impact of HIV co-infection on HBV disease
progression

There are many evidences that co-infection with
HIV significantly modifies the natural history of HBV
infection. In patients with HBV infection, HIV co-
infection is associated with:

¢ Higher chronicization rate of acute HBV2534,

¢ Higher levels of HBV replication, even in the
presence of hepatitis Delta virus super-infec-
tion29,31-38.

e |ower rate of spontaneous loss of HBeAg
and/or HBsAg and seroconversion to anti-HBe
and anti-HBs?®",

There are contradictory data on the activity of
inflammatory liver disease in co-infected patients.
Many studies from northern Europe and USA
cohorts of homosexuals showed a significantly less
severe necroinflammatory activity in HIV co-infect-
ed patients®3%%  This observation seems to be
related to the immunological pathogenesis of liver
damage in chronic HBV infection. However,
immunesuppression related to HIV is associated
with reactivation of HBV infection in patients who
have lost detectable HBV surface antigen
(HBsAg)**?'%. On the contrary, some studies per-
formed in Californian and French cohorts, which
included many injection drugs users, showed
increased necroinflammatory activity in HIV
seroposmve subjects“o‘“ Contradictory data have

| the impact of HIV on
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HCV and HDV co-infections, HBV co-infection has
been related with a significantly higher incidence of
end stage liver disease related death in HIV-seropos-
itives, independently from other factors®, with an
adjusted OR of 9 (95% Confidence Interval 3.8-21.7).
Long-term follow-up prospective studies of HBV-HIV
co-infected patients, considering immune status,
influence of other potential causes of liver injury, and
the genotype of infecting HBV strains, is required to
determine if HBV-related liver disease may influence
the prognosis of co-infected patients.

Antiretroviral treatment and HBV
co-infection

Use of highly active antiretroviral therapy (HAART)
may be limited by the development of liver toxicity*
that occurs in 5-15% of treated patients**'. HBsAg
reactivity has independently been associated with a
higher incidence of severe hepatic cytolysis during
HAART in 3% out of 8 studies**". In one study, dual
HBV-HCV co-infection has been identified as an
independent risk factor for severe hepatotoxicity
during HAART®'. On the other hand, HAART may be
associated with recovery of cell-mediated immunity,
leading to immune-mediated HBV- and HCV-specif-
ic liver damage. The immune restoration could either
promote clearance of the virus® or lead to an exac-
erbation of cytolysis, but most of the patients do not
clear HBsAg®. Consequently, HIV seropositives with
chronic hepatitis B should be strictly monitored dur-
ing antiretroviral treatment.

Hepatic cytolysis in an HIV patient with HBsAg
reactivity taking HAART could be related to several
factors: drugs toxicities, immune restoration of anti-
HBV immune response, HBV flare after lamivudine
withdrawal, occurrence of lamivudine HBV resistant
strains®%8 or other co-infections or super-infections
by hepatotropic viruses (HAV and/or HCV and/or
HDV). A careful definition of the etiology of ALT
flares occurring during HAART is mandatory before
stopping or changing an effective antiretroviral reg-
imen.

Recently, a higher incidence of nephrolithiasis
has been observed in patients co-infected with HIV
and HBV or HCV virus, which suggests that under-
lying multifactorial hepatic damage may limit liver
catabolism of indinavir, and, consequently, increase
its renal excretion and ﬁ risk of nephro}@th%sis”.

0 partort

co-infection in HIV-infec{@FBE

The impact of HBV on, H ART toler lity and on
the occurrence of end/st E‘p@ hakes
mandatory the search for an eﬁechve strdtegy for
HBV prevention and treatment in HIV- se{_o%?.s]mve
individuals.

antibody to HBsAg in 95% of childr % of

immunecompetent adults®. In HIV-infected sub-
jects prior to the HAART era, the HBV vaccine
appeared to be less effective than in immunecom-
petent persons®'82, In addition, it is possible that the
administration of an inactivated vaccine, by activat-
ing T-lymphocytes, temporarily stimulates HIV repli-
cation and induces transient increases of HIV-
RNA%®  However, because of the higher risk of
developing HBV carrier status with prolonged ALT
elevation and clinical illness, HBV vaccination is
recommended for all HIV-positive subjects, espe-
cially in the earlier phases®. Given the theoretical
concern that increases in HIV-RNA following vacci-
nation during pregnancy might increase the risk of
perinatal transmission of HIV, it may be wished to
defer vaccination for such patients until after
HAART is initiated®®’,

Treatment of hepatitis B in HIV co-infected
subjects

The aims of treatment of chronic hepatitis B are to
achieve sustained suppression of HBV replication
and remission of liver disease, in order to prevent
decompensated cirrhosis and hepatocellular carci-
noma'®®. The surrogate end points used to assess
treatment response include normalization of serum
ALT levels, undetectable HBV-DNA by an unampli-
fied serum assay, loss of HBeAg in HBeAg positive
patients and improvement in liver histology™®. Cur-
rent therapy of chronic hepatitis B has limited long-
term efficacy. Thus a careful balance of patient’s
age, severity of liver disease, likelihood of response
and potential adverse events and complication, is
needed before starting treatment®®. Recently, the
American Association for the Study of Liver Dis-
eases has produced guidelines including recom-
mendations for treatment of chronic hepatitis B
according to HBeAg status, HBV-DNA levels, ALT
levels and liver histology; these recommendations
are summarized in table 1.

Two drugs have been approved as therapeutic
agents for chronic hepatitis B: Interferon alpha
(IFNa) and lamivudine. However many nucleosides
and nucleotide analogues active in vitro against
HBV are currently under evaluation as anti-HBV
therapeutic agents in phase Il and Ill trials
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Table 1. American Association of the Liver Practice Guidelines: Recommendation for Treatment of Chronic HBV infection®”

HBeAg HBV-DNA ALT Treatment Strategy

+ + <2 x normal Low efficacy for INF-a and lamivudine. Observe patients;
consider treatment when ALT becomes elevated.

+ + >2 x normal INF-a and lamivudine
If INFa non responders or if contraindications to INF-a,
prefer lamivudine.

- + >2 x normal INF-a or lamivudine
Long-term treatment

- - <2 x normal No treatment required

+- + Cirrhosis Compensated: INF-a (Close monitoring required) or
lamivudine.
Decompensated: lamivudine. Optimal timing of therapy
unknown. Liver transplantation.

+- - Cirrhosis Compensated: Observe

Decompensated: Liver transplantation

als’™727 reported the proportion of response to
treatment stratified according to HIV status. After
identification, HIV infection was considered an
exclusion criterion in all but four of the studies start-
ed after 19857, Thus, the results of interferon
treatment for chronic hepatitis B in HIV seroposi-
tives may be extrapolated from these seven
reports’’7” and are summarized in table 1. Putting
together the results of the five comparative trials™ 77,
seven out of 54 treated patients showed virological
response versus none of the 46 untreated patients
enrolled as controls; thus a pooled significant rate
difference of 0.08 (95% C.I., 0.067-0.23) between
the proportion of responders in treated and untreat-
ed HIV patients can be found. This meta-analysis
suggests that IFNa is significantly more effective
than no treatment in inducing HBeAg seroconver-
sion, but, summarizing data obtained in controlled
trials, at least 10 patients have to be treated in order
to obtain one response. The results of long-term fol-
low up of these patients have not been reported in
these five studies; at least a case of loss of anti-
HBeAg reactivity and of relapse of HBV active repli-
cation has been described in an HIV-infected
patient who showed anti-e seroconversion lasting
six months after IFNa treatment™. In these five trials,
clinical data and CD4+ cell-counts of HIV positives
are not reported, so they are insufficient to identify
predictors of response and then to draw the protile

significantly lower in HIV-negatives than in HIV-
seropositives, with a 0.38 difference between differ-
ences in proportion of responders (Cl 0.06-0.70;
p = 0.02). The lower efficacy of IFNa in HIV co-
infected patients with chronic hepatitis B has been
confirmed by a more recent prospective study of
the same group™. These results have led to consid-
er HIV infection as a contraindication for IFNa treat-
ment of chronic hepatitis B®. However, in these
studies CD4 counts and HCV serostatus have not
been reported. HCV co-infection, which is frequent
in HIV co-infected patients, has been associated
with poor response to interferon in patients with
hepatitis B. In addition, in all these studies HIV-
infected subjects showed baseline ALT levels sig-
nificantly lower than HIV-seronegatives’™®"; this
has been identified as an independent predictor of
poor response to IFNa in two meta-analyses of con-
trolled trials conducted in HIV-uninfected sub-
jects®® and in a study on HIV-infected subjects”.
Thus, it is not possible to assess if the association
between HIV co-infection and lower response rates
to Interferon alpha observed in these studies is
independent from CD4 counts and ALT levels, or
from confounders such as HCV co-infection. In
addition, results from the three French studies are
comparable to those obtained in HIV-seronegatives
(Table 2). Data on the results of IFNa in the treat-
ment of HBeAg-negative hepatitis B in HIV co-
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Table 2. Persistent loss of HBV viral replication in HIV-positive patients treated and untreated with Interferon alpha.
Authors (year; ref) Ne Pts Dose (MIU, Schedule) Duration (weeks) Ne Persistent responders
Hoofnagle (1988;70) 8 5-10/tw 16 2
4 no treatment - 0
Brook (1989;72) 5 2.5/m? tw 24 0
5 5/m? tw 24 0
6 10/m? tw 24 0
6 no treatment 24 0
Brook (1989;73) 6 10/ m? /day 12 0
9 no treatment 0
Wong (1995;74) 12 10/tw 12 1
13 no treatment 12 0
Pol (1992;75) 12 6/tw 24 4
14 no treatment 24 0
Di Martino (1996;76) 5 5w 24 2
Di Martino (2000;77) 26 5/tw 24 4

upper normal limit and not assuming HAART. In
fact, IFNa shares toxicities with some antiretrovirals
and cumulates its toxicities with others. Moreover,
the impact of interferon on survival of HIV co-infect-
ed subjects with chronic hepatitis B remains
unknown. Thus the advantages of IFNa in the treat-
ment of patients assuming HAART are very ques-
tionable.

Nucleoside and nucleotide analogues

Lamivudine is an oral nucleoside analogue,
active against both HIV and HBV replication®. As is
well known by those involved in the treatment of
HIV-infected patients, lamivudine is well tolerated. It
promptly inhibits HBV replication, leading to a
marked decrease in HBV-DNA levels that is usually
followed by improvements in ALT levels and liver
histology®, but only 16-18% of patients show sus-
tained loss of HBeAg and less than 1% loose
HBsAg™ 8, Histological improvement during treat-
ment has been observed in 49-56% of
patients™®®#, The recommended treatment dura-
tion for HBeAg-positive chronic hepatitis B is one
year®. Treatment may be continued in patients who
have not developed HBeAg seroconversion'®, The
recommended treatment duration for HBeAg-nega-
tive chronic hepatitis B is Ionger than one year, but
the optimal duration h p
[n HIV-seropositives, Iamlvudl e shoul

86.4% (95%Cl: 75.7-93.6) of treated subjects,

cirrhosie8485 However HBV resistance occurs in 50

the usual anti-HIV dose of 300 mg daily®*. In HIV-
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seropositives, HBV resistance is associated with the
duration of lamivudine therapy and not to pre-treat-
ment HBV-DNA serum level, ALT serum level and
CD4+ cell-count®*® The emergence of HBV-resis-
tant mutants has been associated with ALT flares in
a minority of patients®%8+% however a fatal case
of liver failure has been described®. Treatment may
be continued in patients who have breakthrough of
HBV infection due to lamivudine-resistant mutants,
as along as the benefit to the patient both on HIV
and HBV infections is maintained. The evaluation of
the benefit on HBV infection should be based on
clinical assessment of liver function and liver dis-
ease stage and ALT and HBV-DNA levels.

In patients with clinically-significant hepatitis B,
prescription of lamivudine as a part of HAART, in
which it is the only anti-HBV agent for periods
longer than one year, should be carefully evaluated
in the absence of advanced fibrosis or decompen-
sated liver disease, with a balance between the
benefits on HIV against the risks of occurrence of
HBV-resistant mutants. In HIV-HBV co-infected
patients with emergence of HIV-resistant mutants,
withdrawal of lamivudine should be careful evaluat-
ed in the light of activity and stage of hepatitis B
infection. In patients with well-controlled and
advanced chronic hepatitis B, lamivudine should

robably be contlnued in addition to the new

IZFFS (pu bglmng patients, lamivu-
mini me careful monlto BV replication and liver
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Table 3. Nucleoside and nucleotide analogues, and drugs active against HBV under development and their anti-HIV efficacy %

Drug Drug Class Development Activity against Activity against HBV
Phase HIV lamivudine resistant mutants

Adefovir Nucleotide analogue 1] Yes* Yes

Clevudine Nucleoside analogue 1l No Yes

Emtricitabine/ Nucleoside analogue 1l Yes No

Coviracil

Entecavir Nucleoside analogue 1l No Yes

Tenofovir Nucleotide analogue 1l Yes Yes

MIV-210 Nucleoside analogue | No No data

DAPD Nucleotide analogue Il Yes Yes

ACH126443 Nucleoside analogue b/l Yes No data

MCC 478 Nucleotide analogue | No data No data

Hep B Zyme Ribozyme | No No data

HBV drugs might prevent or slow the occurrence of
HBV-resistant mutants. Most promising is combina-
tion therapy using agents that are active against
lamivudine-resistance HBV, such as adefovir and
entecavir and not famciclovir, the oral prodrug of pen-
ciclovir that shows cross-resistance with lamivudine®.

Adefovir dipivoxil is a nucleoside analogue with
activity against a broad range of viruses, including
HIV. A recent open-label pilot study has been con-
ducted to assess the safety and efficacy of adefovir
dipivoxil (10 mg QD) in co-infected patients with
lamivudine resistant HBV strains®. The results at 48
weeks have indicated that adefovir dipivoxil is
effective against lamivudine resistant strains in
HBV-HIV positive individuals.

Tenofovir, another anti-HIV drug, is able to induce
an impressive inhibition of HBV replication, even in
the presence of mutations associated with lamivu-
dine resistance®. Many other anti-HBV drugs are
actually under evaluation®® and are listed in table 3.
Some of them have also anti-HIV activity. Thus, in
the near future, a combination treatment with two or
more drugs, eventually active on both HBV and HIV,
will be of use for the treatment of HIV-HBV co-infect-
ed patients.

Conclusions

HBV co-infection is common in HIV- seroposmves
and can cause signifi
especially in the presence of other concurrent cau
es of liver injury. Even if there are some, in vitro data
suggesting an adjuvant actld’n@ d
replication, there are not convincing results to sup
port an unfavorable i léb[ﬁ;\/ fecti
HIV disease progresswrgh m;é Fi)

ly modifies the course of HBV infection, mducmg

daftymorbigity et Trorgl pub

enéstoHU [

Vaccination for HBV in non-immune HIV-infected
patients is advised, even if there are some doubts
about its efficacy. IFNa treatment is largely ineffec-
tive and lamivudine should be used wisely i
patients without advanced liver disease. New antivi-
rals active on HBV are currently under evaluation in
phase I-lll trials; some of them show anti-HIV activi-
ty. Combinations of anti-HIV and anti-HBV antivirals
administered chronically could probably be a
potential treatment strategy for hepatitis B in HIV-
seropositives. Randomized controlled trials are
needed to test this hypothesis.
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