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Hepatitis B and Hepatitis C in 2004

Patrick Marcellin

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are
among the most frequent viral infections of man and represent a major
global public health problem [1, 2]. Approximately one third of the
world population have serological evidence of past or present
infection by HBV and 350 million people are chronically infected.
Approximately 3% of the world population, 170 million people, are
chronically infected by HCV. HBV and HCV related chronic hepatitis
are the main causes of cirrhosis and hepatocellular carcinoma (HCC)
which are responsible for a high rate of morbidity and mortality. End-
stage HBV and HCV related liver disease and HCC are the main
causes of liver transplantation. Indeed, in the last few years, the
knowledge of the epidemiology and of the natural history of HBV and
HCV infection have markedly improved. Furthermore, considerable
progress has been achieved in the efficacy of therapy. New drugs and
new therapeutic strategies which are currently under evaluation could
further improve the efficacy of therapy in the near future.

HEPATITIS B

Epidemiology

The prevalence of HBV infection is especially high in South-East Asia
and Sub-Saharan Africa where more than 8% of the population are
hepatitis B surface antigen (HBsAg) chronic carriers [3]. While
perinatal transmission or transmission during early childhood are

1



Hepatitis B and Hepatitis C

responsible for the high rate of chronic infection in Asia and Africa,
sexual or parenteral exposure account for most cases in industrialised
countries [4]. In most developed parts of the world, the prevalence of
chronic HBV infection is less than 1%, and the overall infection rate is
5-7%. Within these areas most infections occur among high risk adult
populations that include injection drug users, persons with multiple
heterosexual partners, men who have sex with men, and health care
workers. The risk of perinatal HBV transmission has been well
described. This risk is greatest for infants born to women who are
hepatitis Be antigen (HBeAg)-positive and ranges from 70-90% at 6
months of age; about 90% of these children remain chronically
infected [5]. The risk of perinatal infection among infants born to
HBeAg-negative mothers ranges from 10-40%, with 40-70% of these
infected infants remaining chronically infected. Children born to
HBsAg-positive mothers who do not become infected during the
perinatal period remain at high risk of infection during early
childhood.

HBV-related end-stage liver disease or HCC are responsible for
over 1 million deaths per year and represent currently 5-10% of cases
of liver transplantation [1, 3, 4,]. HCC is one of the most common
cancers worldwide and HBV is responsible for at least 75% of this
cancer [6]. The availability of safe and effective vaccines allowed
wide immunization programs which resulted in the reduction of the
burden of diseases caused by HBV with clear benefits in terms of
prevention of cirrhosis and HCC [7].

Natural history

The natural course of HBV chronic infection is variable, ranging from
an inactive HBsAg carrier state to a more or less progressive chronic
hepatitis, potentially evolving to cirrhosis and HCC [8-10]. Chronic
hepatitis may present as typical HBeAg-positive chronic hepatitis B or
HBeAg-negative chronic hepatitis B. Apart from the molecular
biology of HBV and host factors, co-infection with other hepatitis
viruses, e.g. HCV, hepatitis delta virus, as well as with other not
primary hepatotropic viruses, e.g. human immunodeficiency virus
(HIV), can affect the natural course of HBV infection as well as the
efficacy of antiviral strategies [11]. HBeAg-positive chronic hepatitis
is due to wild type HBV; it represents the early phase of chronic HBV
infection. HBeAg-negative chronic hepatitis is due to a naturally
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occurring HBV variant with mutations in the pre-core or/and basic
core promoter regions of the genome; it represents a late phase of
chronic HBV infection [12]. The latter form of the disease has been
recognized as increasing in many countries within the last decade and
it represents the majority of cases in many countries. HBeAg-negative
chronic hepatitis B is generally associated with a more severe liver
disease with a very low rate of spontancous disease remission and a
low sustained response rate to antiviral therapy [12-14].

Longitudinal studies of patients with chronic hepatitis B indicate
that, after diagnosis, the 5-year cumulative incidence of developing
cirrhosis ranges from 8-20%. Morbidity and mortality in chronic
hepatitis B are linked to evolution to cirrhosis or HCC. The 5-year
cumulative incidence of hepatic decompensation is approximately
20% [15]. The 5-year probability of survival being approximately
80-86% in patients with compensated cirrhosis. Patients with
decompensated cirrhosis have a poor prognosis (14-35% probability of
survival at 5 years). HBV-related end-stage liver disease or HCC are
responsible for at least 500,000 deaths per year.

HCC is one of the most common cancers worldwide, about 75%
of which are related to chronic HBV infection. The incidence of HCC
has increased worldwide and nowadays it constitutes the fifth most
frequent cancer representing around 5% of all cancers worldwide. The
incidence of HCC appears to vary geographically and correlates with
the underlying stage of liver disease [16]. The annual incidence in
HBV carriers ranges between 0.2% and 0.6%, but it reaches 2% when
hepatic cirrhosis is established [17]. The oncogenic mechanism
leading to liver cancer involves different pathways that are not fully
elucidated. Prevention through universal vaccination has effectively
decreased the incidence of liver cancer and new therapeutic agents
may delay or avoid the establishment of cirrhosis. The only chance for
long-term survival after HCC diagnosis is to achieve early detection
through regular surveillance by ultrasound and alpha-fetoprotein
determination [18]. This allows effective therapy such as surgical
resection, liver transplantation or percutaneous ablation.

Therapy

Three drugs are currently available for the treatment of chronic
hepatitis B: interferon-alpha, lamivudine and adefovir dipivoxil [1, 8,
19].
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Conventional interferon-alpha, administered for 4 to 6 months in
HBeAg-positive patients and 12-24 months in HBeAg-negative
patients, induces a sustained response in only a minority of patients
(10-30%) and is associated with a poor tolerability which limits
duration of therapy [20, 21]. The nucleoside (lamivudine) and
nucleotide (adefovir dipivoxil) analogs have the advantages of oral
administration and excellent tolerance. Lamivudine, administered for
12 months, induces a sustained response in approximately 20% of the
HBeAg-positive and in 5% of the HBeAg-negative patients [22-26].
Long-term therapy increases the rate of sustained response but is
impaired by a high rate of resistance (50% at 3 years) [27-29].
Adefovir dipivoxil, administered for 12 months, induces a sustained
response in 12% of HBeAg-positive patients [30]. Adefovir has a
similar antiviral efficacy in HBeAg-negative patients [31]. The
incidence of resistance to adefovir is low (6% at 3 years) [32].
Adefovir is effective on lamivudine resistant HBV [29]. It has been
used successfully in patients with decompensated cirrhosis, in the pre-
transplant setting or in transplanted patients developing resistance to
lamivudine [33]. In patients with HBV/HIV co-infection with
lamivudine resistant HBV, treatment with adefovir has a marked
antiviral effect, similar to that observed in HIV negative patients [34].

Perspectives

Indeed, currently available drugs have limited efficacy and new more
potent drugs or therapeutic strategies are needed. Recently, pegylated
interferon monotherapy and combinations of pegylated interferon,
with lamivudine and combination of adefovir and lamivudine have
been assessed. The concept of combination therapy has been
developed in order to increase efficacy and to decrease resistance. In
addition, new nucleoside analogs are at different stages of
development.

Pegylated interferon

A recent study of pegylated interferon-alpha-2a has shown a trend to a
better efficacy as compared with conventional interferon with HBeAg
seroconversion rates of 37% and 25%, respectively [35]. Two recent
randomized controlled studies of pegylated interferon (pegylated
interferon-alpha-2b in HBeAg-positive and pegylated
interferon-alpha-2a in HBeAg-negative chronic hepatitis B) have
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confirmed its efficacy with 36% and 43% of 24-week post-treatment
response, respectively [36, 37]. Interestingly, relatively high rates of
HBsAg loss, which are associated with complete and sustained
remission of the disease, were observed in both studies (7% and 4%,
respectively).

Combination of adefovir and lamivudine

One randomized study evaluated the efficacy of the combination of
adefovir with lamivudine as compared to lamivudine alone or adefovir
alone in 59 patients with HBeAg-positive chronic hepatitis B with
lamivudine resistant HBV [38]. There was no significant difference in
median serum HBV DNA reduction (-3.59 and -4.04 log copies/mL),
rates of alanine transaminase (ALT) normalization (53% and 47%)
and HBeAg loss (3 patients in each group) between the adefovir-
lamivudine combination group and the adefovir monotherapy group.
Another study compared the efficacy of the combination of
adefovir with lamivudine versus lamivudine used in monotherapy in
112 treatment-naive patients (107 HBeAg-positive) [39]. There was
no significant difference in median serum HBV DNA reduction (-5.41
and -4.80 log copies/mL), rates of undetectable HBV DNA with
polymerase chain reaction (39% and 41%) and HBeAg loss (19% and
20%) between the adefovir-lamivudine combination group and the
adefovir monotherapy group. Finally, these two studies did not show
superior efficacy of the combination versus each drug in monotherapy.

Combination of pegylated interferon and lamivudine

Two randomized controlled trials of the combination of pegylated
interferon with lamivudine versus pegylated interferon did not show a
superiority of the combination in terms of sustained response [36, 37].
However, noteworthy, higher end-of-treatment response rates were
observed with the combination. In addition, in one study, the
combination of pegylated interferon-alpha-2a with lamivudine
decreased the incidence of lamivudine resistance [37]. Different
schedules of combination need to be assessed in order to improve the
efficacy.

New nucleoside analogs

A number of nucleoside analogs, with favorable toxicity profiles and a
promise of increased effectiveness against HBV, are at various stages
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of clinical development. Results of phase II trials of entecavir and
emtricitabine (FTC) were encouraging [40, 41]. The results of phase
III studies should be available soon. The results of phase II studies of
telbivudine and clevudine are promising [42, 43]. Other interesting
compounds are at an earlier phase of development (Table 1). These
new nucleoside analogs seem to be more potent than lamivudine and
adefovir dipivoxil with a good safety profile. However, one may
expect that their use in monotherapy could not induce a high rate of
sustained response and that long-term therapy or combination should
be needed to improve efficacy and/or reduce resistance.

Lamivudine Approved
Adefovir dipivoxil Approved
Entecavir Phase 11
Emtricitabine (FTC) Phase II1
Telbivudine (L-dT) Phase 111
Clevudine (L-FMAU) Phase II

L-dC, L-dA Phase 11

Table 1: Nucleoside and nucleotide analogs for the treatment of chronic hepatitis B.

HEPATITIS C

Epidemiology

The prevalence of chronic hepatitis C ranges from 0.1-5% in different
countries [44-46]. It is estimated that there are 4 million in the United
States and 5 million of HCV chronic carriers in Western Europe. The
prevalence seems to be higher in Eastern Europe than in Western
Europe [46]. In industrialized countries, HCV accounts for 20% of
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cases of acute hepatitis, 70% of cases of chronic hepatitis, 40% of
cases of end-stage cirrhosis, 60% of cases of HCC and 30% of liver
transplants [47, 48].

The incidence of new symptomatic infection has been estimated
to be 1-3 cases/1,000,000 persons annually. The actual incidence of
new infections is obviously much higher (the majority of cases being
asymptomatic). The incidence is declining for two reasons: (a)
transmission by blood products has been reduced to near zero; (b)
universal precautions have markedly reduced transmission in medical
settings. Intravenous drug use remains the main mode of transmission;
but, even here, the rate of transmission is diminishing due to a
heightened awareness of the risk of needle sharing and, in some
countries, the availability of needle-exchange programs.

In the United States, in 1999, there were 3,759 deaths attributed
to HCV, although this is likely an underestimate [49]. There was a
5-fold increase in the annual number of patients with HCV who
underwent liver transplantation between 1990 and 2000. The total
direct health care cost associated with HCV is estimated to have
exceeded $1 billion in 1998. Future projections predict a 4-fold
increase between 1990 and 2015 in persons at risk of chronic liver
disease, suggesting a continued rise in the burden of HCV in the
United States in the foreseeable future.

In France, the prevalence of anti-HCV positive adults is
estimated to be between 1.1% and 1.2%, whose 80% are viremic.
Therefore, it is estimated that 400,000 to 500,000 subjects have
chronic HCV infection. The prevalence varies widely in different
populations: 60% in intravenous drug users, 25% in incarcerated
subjects, 25% among HIV-positive patients (25,000 to 30,000 subjects
have HCV/HIV co-infection) [48].

Natural history

In the last few years, the natural history of chronic HCV infection has
been better understood. The progression of fibrosis determines the
ultimate prognosis and thus the need and urgency of therapy.
Fibrogenesis is a complex dynamic process, which is mediated by
necroinflammation and activation of stellate cells [50]. The liver
biopsy remains the gold standard to assess fibrosis. Scoring systems
allow a semiquantitative assessment and are useful for cross-sectional
and cohort studies and in treatment trials. The rate at which fibrosis
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progresses varies markedly between patients. The major factors
known to be associated with fibrosis progression are older age at
infection, male gender, and excessive alcohol consumption [50-52].
Viral load and genotype do not seem to influence significantly the
progression rate. Progression of fibrosis is more rapid in
immunocompromised patients [53]. Recently, the importance of
hepatic steatosis, obesity, and diabetes have been recognized and
studies are in progress to understand the relationship between
metabolic disorders, HCV replication and liver steatosis and
progression of fibrosis [50]. There are no tests that reliably predict the
rate of progression of fibrosis in an individual patient. High serum
ALT levels are associated with a higher risk of fibrosis progression.
On the contrary, worsening of fibrosis is uncommon in patients with
persistently normal serum ALT levels [54]. However, a non-negligible
proportion (about 5% each year) of these patients may present an
increase of ALT levels and may develop a more progressive liver
disease [55]. Serum markers for fibrosis are not fully reliable and need
to be improved and validated. Liver biopsy provides the most accurate
information on the stage of fibrosis and grade of necroinflammation,
both of which have prognostic significance. Repeating the liver
biopsy, 3 to 5 years after an initial biopsy, is the most accurate means
of assessing the progression of fibrosis [2, 47].

Therapy

Combination of pegylated interferon with ribavirin

The most impressive progress has been achieved in the efficacy of
therapy. With the combination of pegylated interferon and ribavirin
which is nowadays reference therapy [2, 56]. A sustained virological
response (SVR) is observed in roughly 50-60% of patients [57-59].
The absence of detectable serum HCV RNA 6 months after therapy,
which defines the sustained virological response, may be considered
nowadays as cure of HCV infection since long-term follow-up studies
have shown that 97-100% of patients keep undetectable serum HCV
RNA [60]. Furthermore, some studies have shown that HCV RNA is
no longer detectable in the liver of sustained responders up to several
years after therapy [60]. However, further studies with longer follow-
up on large populations with very sensitive methods to detect HCV
RNA in the serum, peripheral blood mononuclear cells and liver are
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needed to confirm the eradication of HCV infection in sustained
responders.

The SVR rate is as high as 90% in patients with genotype 2 or 3
and low viral load. The SVR rate is lower, 50%, in the most difficult
to treat patients with genotype 1. Even if the presence of bridging
fibrosis or cirrhosis is associated with a decreased chance of response,
a relatively high rate of response has been observed with the
combination of pegylated interferon and ribavirin (50%). The
compliance with continuation of therapy with adequate dosing even
increases the response rates and studies on adjuvant treatments are
needed to improve clinical and haematological tolerability in order to
increase compliance and the chance of response.

Treatment of non-responders

In patients who already received therapy, the chance to have a SVR
with retreatment depends on the previous therapy and the type of
response. In patients who relapsed after interferon or interferon-
ribavirin combination therapy, the chance of SVR with retreatment
with the pegylated combination is high (about 70% and 50%,
respectively). Also, in non-responders to interferon monotherapy, the
SVR rate is high (about 30%). In contrast, in those patients who did
not respond to standard combination therapy, the rate of SVR is low
(around 10%) with retreatment with the combination therapy.
Interestingly, the chance of response to retreatment depends mainly on
the genotype and the presence of cirrhosis.

Maintenance therapy

In non-responders to current pegylated combination therapy, the
concept of maintenance therapy has been developed in the last years
[56]. Many studies suggest that long-term treatment of these patients
may partially decrease viral load and serum ALT levels associated
with improvement in liver necroinflammation which is associated with
stabilization or even possible regression of fibrosis. Therefore,
maintenance therapy might decrease, at least in some partial
responders, the risk of development of cirrhosis and its complications,
in particular HCC. However, this hypothesis needs to be proven in
prospective randomized trials and the optimal schedule and the
subgroup of patients who benefit from this therapeutic strategy need to
be determined.
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Perspectives

Still, about half of patients do not respond or relapse after therapy and
current treatment has significant side-effects and is poorly tolerated.
Therefore, new more effective and better tolerated anti-HCV drugs are
needed. Many drugs with different mechanisms of action are under
investigation. Other types of interferon (beta and gamma) have been
disappointing but their use in combination with the current pegylated
treatment needs to be assessed. Interleukins (IL2, IL12 and IL10)
showed poor antiviral efficacy with limitations related to their toxicity.
Inosine monophosphate dehydrogenase (IMPD) inhibitors, which have
potentially ribavirin-like mechanisms of action are of interest. Some of
them, like mycophenolate mofetyl and levovirin did not show
significant efficacy. Other IMPD inhibitors are under evaluation.
Preliminary results of therapeutic vaccines are interesting but their
efficacy needs to be demonstrated. Newer approaches like antisense
nucleotides or ribozymes are limited by the difficulties to reach the
target cells (hepatocytes).

Indeed, the enzyme inhibitors appear to be the most promising
strategy. In the last years, extensive research has been conducted to
elucidate the structure of HCV enzymes in order to produce specific
enzyme inhibitors [61]. All of the HCV enzymes (NS2-3 and NS3-4A
proteases, NS3 helicase, and NS5B RdRp) are essential for HCV
replication, and are therefore potential drug discovery targets. The
absence of cell culture model supporting full replication of HCV, and
of convenient animal models, has limited the knowledge of HCV life
cycle and the testing for antiviral molecules. The recent development
of subgenomic HCV RNA replicons capable of replicating in the
human hepatoma cell line, Huh 7, has been a significant advance [62].
This model (replicon) is currently the best so far for the study of HCV
replication and the testing for antiviral molecules. Target based anti-
HCYV drugs in development are indicated in Table 1.

Recently, a NS3 protease inhibitor (BILN 2061) demonstrated its
ability to inhibit NS3 protease activity in the subgenomic HCV
replicon cell model [63]. In phase I studies the administration of BILN
2061 given orally, twice daily, for two days induced a decrease in
serum HCV RNA level greater than one log;o. These results constitute
a major step in the field of HCV drug development since it is the first
clinical evidence of an antiviral effect of an enzyme inhibitor in
patients with chronic hepatitis C. Many other enzyme inhibitors, in
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particular protease inhibitors, have been produced and are currently in
preclinical phase or in phase I clinical trials and more are coming.
Hopefully, some of these drugs will demonstrate their efficacy and
safety and will be good candidates for improving, probably by using
them in combinations with interferon, the efficacy of treatment of
patients with chronic hepatitis C.

CONCLUSION

HBYV and HCV related liver diseases represent a major public health
problem. In the last few years, considerable progress has been made in
the knowledge of epidemiology, natural history, factors influencing
the course of the liver disease and mainly efficacy of therapy. Still
important efforts are needed for the early diagnosis in order to
improve the management of patients with chronic hepatic B or C.

The understanding of the mechanisms of resistance to therapy
and the development of new more potent drugs and new therapeutic
strategies are a challenge to decrease in the future the global burden
related to chronic viral hepatitis.
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INTRODUCTION

There are two types of laboratory tests for the virological diagnosis
and monitoring of hepatitis C virus (HCV) infection, namely serologic
tests of anti-HCV antibodies (indirect tests), and tests that detect,
quantify or characterize viral components such as HCV RNA and core
antigen (direct tests). Both direct and indirect tests are useful for
diagnosis, treatment choices, and therapeutic monitoring.

HCV MARKERS

The HCV genotype, HCV RNA, HCV core antigen, and anti-HCV
antibodies are the four markers of HCV infection.

HCYV genotyping

There are six HCV genotypes, which are subdivided into subclades or
subtypes identified by lower-case letters (la, 1b, lc, etc) [1]. HCV
types, subtypes and isolates are distinguished on the basis of average
sequence divergences of about 30%, 20% and 10%, respectively [1].
The HCV genotype is an intrinsic characteristic of the infecting HCV
strain that does not change over time.
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HCV RNA

The detection of HCV RNA in peripheral blood is a reliable marker of
HCYV replication. HCV RNA becomes detectable about one or two
weeks after infection, then usually peaks before disappearing in cases
that spontaneously resolve. During chronic infection, HCV RNA
levels generally stabilize gradually, although HCV RNA can
occasionally disappear for days or weeks before reappearing and
reaching a plateau. HCV RNA levels are stable during chronic
infection [2]. The HCV RNA level does not correlate to the severity of
liver lesions, but it is generally low or undetectable in end-stage liver
disease [3, 4].

HCYV core antigen

Total HCV core antigen levels correlate with HCV RNA levels [5].
Prior to seroconversion, core antigen is generally detected 1 or 2 days
later than HCV RNA [6, 7], and subsequent time course of core
antigen levels then matches HCV RNA kinetics [5]. The HCV core
antigen titer can therefore be used as an indirect marker of HCV
replication.

Anti-HCV antibodies

Specific antibodies can be detected 7 to 8 weeks after infection with
current tests [8-10]. From between 50% to 70% of patients have
detectable anti-HCV antibodies at clinical onset [11]. Anti-HCV
antibodies can persist throughout life in patients with spontaneously
resolving infection, although in some cases they may fall slowly, or
disappear after several years [12]. In chronically infected patients,
antibodies persist for life. They may become undetectable during
hemodialysis or profound immunodepression.

VIROLOGICAL TESTS

Antibody tests

Third-generation enzyme immunoassays (EIAs) detect mixed
antibodies against HCV core, NS3, NS4 and NS5 antigens. The target
antigens are coated on microtiter plates, microbeads or holders
designed for “closed” automated devices. The specificity of current
EIAs is greater than 99%. There is no gold standard, so sensitivity is

22



Clinical Virology of Hepatitis C

more difficult to determine. In routine use, more than 99% of
immunocompetent patients with detectable HCV RNA are positive
with current EIAs [13]. EIAs can be negative during hemodialysis and
in profoundly immunodeficient patients despite ongoing HCV
replication, but this is rare with the most recent tests [14].
Confirmation with immunoblot tests is no longer useful in the clinical
setting, because of the excellent sensitivity and specificity of current
ElAs [15].

HCY serotyping

The HCV genotype can be determined by competitive EIA testing for
type-specific antibodies. One commercial test is available so far
(Murex™ HCV Serotyping 1-6 Assay, Murex Diagnostics, Dartford,
UK) and is interpretable in about 90% of immunocompetent patients
with chronic hepatitis C [16]. Sensitivity is lower in hemodialysis and
immunodepression [17, 18]. This test does not identify the subtype.
Overall, the results are in agreement with molecular tests in about 95%
of cases, although performance is better with genotype 1 than with
other genotypes [16, 19, 20]. This test cannot distinguish true mixed
infection from cross-reactivity.

Molecular HCV genotyping methods

The gold standard for genotyping is direct sequencing of the NS5B or
E1 region. This is followed by sequence alignment with reference
sequences and by phylogenetic analysis [1]. In practice, HCV is
genotyped by direct sequence analysis, restriction fragment length
polymorphism analysis, or reverse hybridization to genotype-specific
oligonucleotide probes [21-23]. Two commercial kits are based on
PCR amplification of the 5’ noncoding region. The Trugene™ HCV
5’NC genotyping kit (Bayer Corporation, Tarrytown, New Jersey) [24,
25] is based on direct sequencing of PCR amplicons and database
interpretation. The INNO-LiPA HCV II line-probe test (Innogenetics,
Gent, Belgium) [21, 22] is based on reverse hybridization of PCR
amplicons, using a nitrocellulose strip coated with genotype-specific
oligonucleotide probes, and colorimetric determination. The six HCV
types, and also many subtypes, can be identified with the two tests,
although subtyping errors occur in 10% to 25% of cases because of
variability in the target 5’ noncoding region. However, clinical
decision-making is solely based on the type, not the subtype.
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HCYV RNA detection

HCV RNA detection tests are far more sensitive than most
quantitative tests, and involve target amplification by PCR or TMA
[26, 27]. A commercial PCR-based test is available. It can be fully
manual (Amplicor™ HCV v2.0, Roche Molecular Systems,
Pleasanton, California) or comprise manual extraction and automated
reverse transcription, amplification and reading in the Cobas
Amplicor™ device (Cobas Amplicor’™ HCV v2.0, Roche Molecular
Systems, Pleasanton, California). The detection limit is 501U of HCV
RNA per mL. The manual TMA test (Versant'™ HCV RNA
Qualitative Assay, Bayer Corporation) has a slightly better detection
limit of 10IU/mL. Specificity is 98%-99% with both tests.

HCYV RNA quantification

Target amplification (PCR or TMA) and signal amplification
(“branched DNA”) can be used to determine viral copy numbers. The
World Health Organization (WHO) has established an international
standard for HCV RNA units [28]. One IU represents the total amount
of HCV RNA rather than the number of viral particles. Universal
adoption of this reference standard [29] has facilitated
recommendations and clinical guidelines.

The detection limits of current tests (30IU/mL to 6151U/mL) are
shown in Figure 1. The upper end of the linear range ranges from
<500,000IU/mL to 20,000,000IU/mL with the real-time PCR assay
(Cobas TagMan 48 HCV, Roche Molecular Systems, Rotkreuz,
Switzerland). Samples exceeding the upper end of the linear range
must be diluted 1:10 or 1:100. The specificity of these tests is 98%-
99%, regardless of the genotype [30-36]. Variations of less than 0.5
log (less than three-fold) may be due to intrinsic or between-patient
variability and should not be taken into account in the clinical setting
[37].
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Untreated hepatitis C

Cobas Amplicor
HCV Monitor v2.0 1
(Roche Molecular Systems)
6001U/mL <500,0001U/mL
SuperQuant 1 1
(National Genetics Institute)
301U/mL 1,470,0001U/mL
LCx HCV RNA Assay
(Abbott Diagnostics) 1 1
25lU/mL 2,630,0001U/mL
Versant HCV RNA 3.0
Assay 1 1
(Bayer Diagnostics) 6151U/mL 7,700,0001U/mL
Cobas TagMan 48 HCV
(Roche Molecular Systems) l l
201U/mL 10,000,0001U/mL
10 102 108 104 108 108 107 108 10°

HCYV viral load (IU/mL)

Figure 1: Linear ranges of quantitative HCV RNA tests. HCV RNA levels are shown
in IU/mL. About 90% of patients' HCV RNA levels remain in the gray area without
antiviral treatment.

HCYV core antigen

An EIA test is available that can be used to detect and quantify total
HCYV core antigen (Ortho-Clinical Diagnostics, Raritan, New Jersey).
The HCV core antigen titer (in pg/mL) correlates closely with the
HCV RNA level, and can thus be used to monitor viral replication [5].
One pg of total HCV core antigen per mL is equivalent to about
8000IU of HCV RNA in most patients [S]. This test does not currently
detect HCV core antigen in samples with HCV RNA levels under
20,000IU/mL, which restricts its clinical use [5].
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PRACTICAL USE OF VIROLOGIC TESTS

Diagnosis

Acute hepatitis C

Patients with acute hepatitis of unknown origin must be tested with an
anti-HCV EIA and with a sensitive technique (detection limit of
50IU/mL or less) for HCV RNA [38]. HCV RNA positivity in an anti-
HCV-negative patient with acute hepatitis strongly indicates acute
hepatitis C, and this is subsequently confirmed by seroconversion.
Acute hepatitis C is unlikely when both markers are absent, and when
anti-HCV is positive and HCV RNA negative; most of these patients
have encountered (and cleared) HCV some time previously and
therefore have another etiology. Such patients should nonetheless be
tested for HCV RNA a few weeks later, as HCV RNA can disappear
transiently before chronic replication becomes detectable. The
presence of both anti-HCV antibodies and HCV RNA indicates either
acute hepatitis C or an acute exacerbation of chronic hepatitis C. It is
also difficult to diagnose acute hepatitis due to other causes when the
patient also has chronic hepatitis C.

Chronic hepatitis C

A diagnosis of chronic hepatitis C is almost certain when a patient
with chronic liver disease has both anti-HCV and HCV RNA (detected
with a sensitive technique) [15]. Anti-HCV negativity with HCV RNA
positivity is exceptional in immunocompetent patients, but more
frequent (albeit still rare with current EIAs) [14] in patients who are
on hemodialysis or profoundly immunodepressed.

HCV RNA detection with a sensitive technique confirms chronic
HCYV infection in patients found to be anti-HCV-positive during blood
donation or screening of at-risk populations. Patients who still have
antibodies after spontaneously resolving HCV infection in the past are
difficult to distinguish from patients with false-positive reactivity
when HCV RNA is undetectable on at least two occasions 6 months
apart. A high EIA optical density ratio favors a true-positive result, but
low optical density ratios are inconclusive, as anti-HCV antibody titers
can fall gradually after the virus has been spontaneously cleared.
However, all these patients can be reassured that they are not infected.
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Diagnosis after occupational exposure

HCV RNA becomes detectable one to two weeks after infection, and
diagnosis of acute infection is based on HCV RNA detection with a
sensitive technique, starting at least one week after exposure.

Mother-child transmission

Babies born to HCV-infected mothers should be tested for HCV RNA
with a sensitive method rather than for anti-HCV, because passively
transferred antibodies can persist for up to a year after birth [39-42].
HCV RNA can be detected in the infected infant as little as a few days
after delivery, and may then persist or clear spontaneously. There is no
consensus on the timing of diagnostic HCV RNA testing, but about 6
to 12 months after birth seems optimal. High titers of anti-HCV
antibodies persisting after the first year of life suggest chronic
infection, which is confirmed by HCV RNA detection [39-42].

Prognostic value of virologic tests during the course of HCV
disease

The HCV RNA level and HCV genotype do not predict the severity of
liver damage or fibrosis, or the risk of extra-hepatic disease.

Antiviral treatment of chronic hepatitis C: decision-making and
monitoring

The treatment decision

Pegylated interferon-alpha ribavirin combination therapy is only
warranted for patients in whom HCV RNA is detected by a sensitive
technique. The indication and duration of treatment depends on the
genotype. All patients with genotype 2 or 3 infection should be offered
this treatment, as they have a good chance of a sustained virologic
response (70 to 80%) and treatment only lasts 24 weeks with a low
dose of ribavirin [43-45]. The response rate in patients infected by
genotype 1 is only 40 to 45%, and treatment lasts 48 weeks with a
higher dose of ribavirin [43-45]. The likely risk-benefit ratio must thus
be considered case by case. Patients with necroinflammatory activity
and/or fibrosis on liver biopsy should be treated, contrary to patients
with “mild” hepatitis. Pending further studies, patients infected by
genotype 4, 5 or 6 must be treated like patients infected by genotype 1.
The baseline HCV RNA level currently has no bearing on the
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decision-making process. Baseline HCV RNA assay is not necessary
in genotype 2 or 3 infection, but can help when assessing the treatment
response at week 12 in patients infected by genotype 1 [45, 46].

Follow-up and treatment monitoring

A sensitive HCV RNA test is used to judge the virologic response at
the end of treatment; persistence of HCV RNA is highly predictive of
relapse after treatment withdrawal. Non-detection of HCV RNA at the
end of treatment defines a virologic response, but such patients should
be retested for HCV RNA 24 weeks later, again using a sensitive
method.

HCV RNA testing before and after 12 weeks of treatment is used
to monitor pegylated interferon-alpha and ribavirin treatment of
genotype 1 chronic hepatitis C [45, 46]. Treatment is continued for a
total of 48 weeks when, at week 12, a 2-log (100-fold) fall in HCV
RNA level occurs or when HCV RNA is undetectable in patients
whose baseline HCV RNA level was less than 100 times the detection
limit. The likelihood of a sustained virologic response is virtually nil
in other patients, and treatment can thus be stopped, or else be
continued in an attempt to slow liver disease progression [45, 46].
Total HCV core antigen assay can be used for the same purpose,
provided the antigen titer is more than 200pg/mL (detection cut-off 1
to 2pg/mL) [5].

Figure 2 shows a decision algorithm for the use of virologic tests
in the treatment of chronic hepatitis C.
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CHRONIC HEPATITIS C

HCV genotype determination
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End-of-treatment virological response
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Figure 2: Decision algorithm for the use of virologic tests in the treatment of chronic
hepatitis C.

Treatment of acute hepatitis C

Encouraging results were recently obtained with standard interferon
alpha monotherapy of acute hepatitis C [47], but the optimal schedule
is unknown, and the role of virologic tests in the decision to treat is
uncertain [48]. Regardless of the type, dose, and duration of interferon
treatment, a sensitive HCV RNA technique must be used to assess the
virologic response at the end of treatment. When HCV RNA is
negative at the end of treatment, the nature of the response (sustained
or transient) should be assessed 24 weeks later; and sustained HCV
RNA negativity indicates that treatment has been successful.
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Monitoring of untreated patients

Repeat virologic testing has no prognostic value in untreated patients,
in whom follow-up is based on regular liver biopsy.

CONCLUSION

The advent of virologic tests has vastly improved the management of
HCYV infection. These tests can be used to diagnose infection, to guide
treatment decisions, and to monitor therapeutic response. They still
have to be fully standardized and automated, and more clinically
relevant cut-off values are required. The availability of more sensitive
and more accurate HCV RNA tests will improve treatment monitoring
and help to elucidate the mechanisms of antiviral resistance. Together
with the development of new antiviral drugs, these advances should
markedly improve the management of HCV infection.
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Natural History of Hepatitis C and
Prognostic Factors of Disease Progression

Alfredo Alberti, Luisa Benvegnu, Silvia Boccato, Roberta Pistis,
Alessia Ferrari, Giada Sebastiani

Infection with the hepatitis C virus (HCV) is one of the main causes of
chronic liver disease, cirrhosis and hepatocellular carcinoma
worldwide, and is particularly prevalent in Western countries. Acute
infection with HCV is often asymptomatic or mild but progresses to
chronic infection in more than 50% of the cases. Chronicity rates vary
widely and are influenced by many factors, which are mainly related
to the host rather than to the virus itself. These include age,
immunocompetence and genetic background. There are approximately
170 to 200 million HCV chronic carriers worldwide and most of them
are asymptomatic and thus not yet identified. The prevalence of HCV
infection in the general population varies greatly in different parts of
the world, and is estimated to be between 0.1 and 5%, with a peak
prevalence of as high as 20 to 25% in Egypt. According to current
estimates, nearly 2 to 4 million individuals in the US and more than 5
million people in Western Europe are chronically infected with HCV.
Many have not yet been diagnosed, because of lack of symptoms and
major risk factors. Thus, it is expected that many HCV carriers will be
diagnosed in the near future and will come to medical attention. This
is mainly because of increasing interest in HCV infection from patient
advocacy groups, public health advisory boards and institutions that
have raised the issue of the “silent epidemic” of HCV and are
encouraging individuals at risk to be tested.
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The natural history of chronic HCV infection varies greatly and is
only partially understood. The rate and speed of progression from
initially mild to severe, advanced disease and to end-stage
complications vary markedly from individual to individual and are
strongly influenced by a number of co-factors. Because of this and
because the disease progresses rather slowly and for decades even in
the most rapidly evolving cases, it has been difficult to obtain
observational data covering the whole course of chronic disease. Thus,
the natural history of HCV infection is usually represented as a series
of disease stages through a multi-stage model formulation derived
from evidence-based transition rates between specific stages [1-5].
This multistage modeling approach predicts that around 20 to 40% of
patients with chronic hepatitis C will progress to end-stage liver
disease during their lives and that around 10 to 20% will die of liver-
related causes. Outcome modeling of the natural cause of hepatitis C is
useful for assessing the future burden of the disease in the general
population and in specific patient cohorts as well as for economic
studies evaluating the cost-effectiveness of different interventional
strategies and algorithms. However, to obtain information to assess the
prognosis in individual cases in clinical practice, it is more useful to
describe the progression rates and outcomes observed in published
studies for the main clinical categories of HCV carriers. These
include: a) HCV carriers with persistently normal alanine amino-
transferase (ALT); b) histologically mild chronic hepatitis C; c)
moderate to severe chronic hepatitis C; d) HCV-positive compensated
cirrhosis; e) HCV carriers with extrahepatic manifestations.

LIVER DISEASE AND THE OUTCOMES IN
ASYMPTOMATIC HCV CARRIERS WITH NORMAL ALT

Recent population-based studies indicate that around 40% of
individuals with chronic HCV have persistently normal ALT values
when tested serially over a 6-month observation period [6]. A number
of studies have been conducted to assess the prevalence, degree and
outcome of liver disease in these subjects, after early observations
indicating that a subgroup of them may have significant liver damage
when evaluated with liver biopsy [7]. The main findings were that
significant liver disease, with active inflammation and/or advanced
fibrosis, is present in a variable proportion of HCV carriers with
normal ALT, with large variations among studies due to different
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inclusion criteria and to the baseline follow-up time [8-11]. Indeed, the
prevalence of cases with advanced liver disease and/or cirrhosis was
significantly higher in studies of HCV carriers with normal ALT who
had undergone a liver biopsy after having been tested for ALT for a
shorter period or with fewer ALT evaluations, than in those who had
been followed for longer periods or with more frequent ALT testing.
According to our own recent meta-analysis of published studies [12],
22% of a cumulative 1145 cases with normal ALT had significant
liver disease. This figure is consistent with what we have observed
recently in our population-based survey showing that significant
fibrosis (F2-F3) was detected in 18.7% of HCV carriers with
persistently normal ALT [6].

A number of studies have evaluated the short- and long-term
outcome in HCV carriers with initially normal ALT [13-15]. All these
studies have shown a significant risk of biochemical reactivation,
although the frequency varied considerably once again mainly due to
different inclusion criteria, number and frequency of ALT evaluation
and length of follow-up. In the largest series of HCV carriers
published so far, Puoti et al. [10] recently described reactivation of
liver damage in 21.5% out of 880 Italian HCV carriers with initially
normal ALT levels. Similar findings have been reported by other
authors. Interestingly, the probability of having an ALT flare during
follow-up was not predictable in most of these studies and did not
correlate with initial histologic findings.

Therefore, on the basis of these data it would appear that around
20% of HCV carriers with persistently normal ALT have significant
liver disease at liver biopsy and another 20% will develop significant
disease reactivation in the medium-term follow-up. However, in other
cases the ALT flare is mild and of limited duration and may not affect
the overall course of liver disease. Unfortunately, it is difficult to
predict at the individual level which patient will show a “clinically
significant” ALT flare-up that will affect the progression of liver
disease.

“MILD” CHRONIC HEPATITIS C

Chronic hepatitis C is a slowly progressive disease that can be
classified as mild, moderate or severe according to liver histology.
Most studies indicate that the longer the follow-up, the higher the
probability that liver disease will worsen at both the histological and
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clinical level in patients who initially presented with histologically
mild chronic hepatitis C. This is particularly true in cases with
increased ALT levels.

The question of whether liver fibrosis is progressive or not in
cases with no or minimal fibrosis (FO/F1) at liver biopsy has recently
been addressed in studies where serial liver biopsies were taken during
a long-term follow-up in the absence of antiviral treatments. The
results of these studies are summarized in Table 1.

% with progression

No Mean interval of fibrosis

Author cases between

biopsies All Severe

fibrosis

Marcellin et al. 2002 110 3.2 yrs 32% 204
[16]
Ghany et al. 2003 45 3.8 yrs 42% 4%
[17]
Hui et al. 2003 61 6.3 yrs 33% 10%
[18]
Alberti et al. 2004 105 8.3 yrs 60% 27%

[19]

Table 1: Progression of fibrosis in repeated liver biopsies in patients with initial
FO/F1

In the report by Marcellin et al. [16], with a shorter follow-up
between the initial and final biopsy, (a mean of 3.2 years) only 32% of
the patients showed progression of liver fibrosis and only 2%
developed severe fibrosis (F3 or F4). Ghany et al. [17] studied 21
patients with no fibrosis and 43 with portal fibrosis on the initial
biopsy and reported progression of fibrosis in 13 of the former and in
18 of the latter when followed for a mean period of 3.6 years while
untreated. The risk of progression was influenced by the ALT profile,
and was significantly higher in patients with initially mild disease and
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elevated ALT than in cases with mild disease and persistently normal
ALT. Hui et al. [18] described rates of histological progression in 27
patients with FO (15 with persistently normal ALT and 12 with
elevated ALT) and in 34 with F1 (16 with normal ALT and 18 with
elevated ALT) in the initial biopsy. These patients underwent a second
biopsy after a mean 6.3 (range 2-11.1) years. Progression of fibrosis
was seen in 22.5% of cases with normal ALT and in 43% of those
with elevated ALT and severe fibrosis developed in 20% of those with
elevated ALT. Progression to severe fibrosis or cirrhosis was only
seen in patients with F1 in the initial biopsy, while progression in
those with FO was minor. In the group with elevated ALT the
cumulative probability of developing severe fibrosis/cirrhosis was
estimated to be >50% and >70% 8 years and 10 years respectively
after the initial biopsy. In our study [19] in 106 patients with initially
mild chronic hepatitis C and with the longest time interval between
biopsies in the literature (7-11 years with a mean of 8.3 years)
progression of liver fibrosis was seen in 57 cases (60%), including 47
out of 73 (72%) of those with elevated ALT and 10 out of 33 (33%) of
those with persistently normal ALT during follow-up. Progression of
fibrosis was seen in 6/21 of those with FO and in 51/85 of those with
F1. The corresponding figures for patients with normal and elevated
ALT were: normal ALT/FO: 4/18 (22%) with progression of fibrosis;
normal ALT/F1: 6/15 (40%); high ALT/FO 2/3 (66%); high ALT/F1:
45/70 (22%). Severe fibrosis only developed in patients with F1 in the
initial biopsy and elevated ALT: 12/70 (17%). The mean index of the
progression of fibrosis was 0.02/year in those with FO and normal
ALT, 0.11/year in those with F1 and normal ALT, 0.15/year in those
with FO and high ALT and 0.16 in those with F1 and high ALT. By
multivariate analysis, the progression of fibrosis correlated with age at
diagnosis (P=0.02), mean ALT levels during follow-up (P=0.001),
alcohol intake (P=0.05), necroinflammatory activity (P=0.02) and
steatosis (P=0.05) in the initial biopsy, but not with the HCV genotype
or HCV RNA serum levels (P=NS). Figure 1 describes the rates of
progression to severe fibrosis/cirrhosis derived from individual
prospective studies with different time intervals between the initial
and final biopsy or from published mathematical modeling. Despite
the heterogeneity of these studies in terms of included patients and the
presence of cofactors, the results of this analysis suggests that there is
a significant time-related risk of progression to cirrhosis in patients
with F1 in the initial biopsy and abnormal ALT. The corresponding
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figures for patients with FO in the initial biopsy and elevated ALT are
much lower, with an estimated incidence of severe fibrosis/cirrhosis
<2% at 10 years, <5% at 20 years and <20% at 30 years of follow-up.

20 15%
10
4%
5 0% 0% -

0+ T T u T T T T T T d
6 8 20 30
Years after diagnosis (F0)

% with
F3/cirrhosis

Data from Alberti (2004), Hui (2003), Salomon (2003)
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Data from Ghany (2003), Hui (2003), Alberti (2004), Salomon (2003)

Figure 1: Observed or predicted risk of developing cirrhosis in patients with elevated
ALT, according to the initial fibrosis score (FO or F1).

On the basis of these findings, it is clear that liver disease is
progressive in most cases with initially mild chronic hepatitis C in the
presence of abnormal ALT levels. According to the available data,
more than 50% of patients with FO/F1 in the initial biopsy are
expected to progress to more advanced fibrosis (F2/F3) within 5 to 10
years and may develop cirrhosis within 15 to 20 years. Fibrosis may
progress even faster in older patients and in the presence of cofactors
such as alcohol intake or metabolic abnormalities leading to the
accumulation of steatosis in the liver.
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The role of cofactors has been clearly demonstrated in recent
studies [20-23] and many of the most influential factors such as
hepatic steatosis, obesity and moderate alcohol intake, are quite
common in the general population and in asymptomatic HCV carriers.
Since many studies on the natural course and outcome of initially mild
chronic hepatitis C were conducted in selected subgroups of patients,
often with exclusion of patients with cofactors that could affect the
course of liver disease, these studies could easily have underestimated
the risk and speed of the progression of liver disease that may occur in
most HCV carriers in the general population, particularly in areas
where obesity, metabolic liver steatosis and alcohol consumption are
common. Age has been shown to affect the histological progression of
chronic hepatitis C, and this is also true for initially mild disease. In
our own study [19] conducted in 106 patients with initially mild
chronic hepatitis C, the risk of the progression of fibrosis increased by
a factor of 1.91 for every 10 years of age, after adjustment for other
confounding variables. Thus, age alone appears to directly affect the
pathogenicity of HCV. In addition, the progression of liver disease can
be further accelerated by increasing age due to the increasing
prevalence of metabolic cofactors. Thus, lifetime progression to
cirrhosis and to its complications may also occur in middle aged or
older patients presenting with histologically mild disease

OUTCOMES IN MODERATE-SEVERE CHRONIC
HEPATITIS C

Symptomatic patients with HCV and those with more advanced liver
inflammation and fibrosis are at a high risk of progressing to cirrhosis
within a relatively short (5-10 years) period of time if left untreated. In
mild chronic hepatitis C, a number of cofactors have been shown to
influence the rate of progression to cirrhosis. A list of the major
cofactors that accelerate the worsening of liver disease are provided in
Table 2.
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Age at diagnosis
Alcohol intake
Immunogenetics
Iron overload
Liver steatosis

HIV co-infection

HBYV co-infection

Table 2: Co-factors shown to influence the rate of progression to cirrhosis in chronic
hepatitis C.

NATURAL HISTORY OF HCV-RELATED COMPENSATED
CIRRHOSIS

Patients with HCV-related, compensated cirrhosis may remain
asymptomatic for many years, and have a normal quality of life.
However, recent prospective studies indicate significant morbidity and
mortality within the first decade after diagnosis and show that
hepatocellular carcinoma is the most frequent and life-threatening
complication of initially compensated HCV-positive cirrhosis. We
recently described the long-term clinical outcome in a cohort of 269
patients with HCV-related cirrhosis followed prospectively for a mean
period of 93 months (range 14-194 months) [24]. During this
observation period, 33% developed at least one complication, most
frequently and the first to occur being hepatocellular carcinoma. The
cumulative incidences of HCC at 5 and 10 years were 7.8% and 28%
in patients with HCV alone and 13% and 50% in those with
HCV/HBYV co-infection. The corresponding cumulative incidences of
other complications are described in Table 3.
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Cumulative incidence (%)

HCV HCV/HBV
Complication Syrs 10 yrs S5yrs 10 yrs
HCC 7.8 28 13 50
Ascites 7 20 11 40
GI bleeding 2.5 5 0 5
Encephalopathy 0 2.5 0 5
Liver-related death 5 19 9 8

Table 3: Cumulative incidence of major complications in initially compensated HCV-
related cirrhosis.

In this study, as well as in other similar series, the prognosis of
HCV-related cirrhosis was worsened by alcohol abuse and HBV co-
infection and improved by antiviral therapy.
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How to Assess the Stage of Fibrosis
in Chronic Hepatitis C

Detlef Schuppan

MECHANISMS OF PROGRESSION

Fibrosis and cirrhosis are a result of excess accumulation of
extracellular matrix (ECM) molecules (collagens, noncollagenous
glycoproteins, glycosaminoglycans, proteoglycans and of elastin [1].
Extensive perisinusoidal fibrosis has marked effects on liver function,
due to the blockade of nutrient and metabolite exchange between
hepatocytes and the circulation (Figure 1) and the liver is further
impaired by the formation of novel intrahepatic vessels via porto-
portal and porto-central collaterals that shunt the blood away from
hepatocytes. The imbalance of two dynamic processes, fibrogenesis
and fibrolysis leads to fibrosis. Activated hepatic stellate cells and
myofibroblasts stimulate fibrogenesis by producing most ECM
molecules, downregulating the expression of certain matrix
metalloproteinases (MMPs), and increasing synthesis of physiological
and tissue MMP inhibitors (TIMPs) [1-3] (Figure 2). Even advanced
liver fibrosis and cirrhosis are reversible when the causes of
fibrogenesis such as viral infection or biliary obstruction, are removed
and the liver is given time to recover [4-11]. Furthermore a growing
number of gene polymorphisms may either protect against or enhance
the development of hepatic fibrosis (Table 1) [12-20]. In addition to
the known external factors and the histological and serological
markers of fibrosis and its development, these genetic polymorphisms
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may provide individual risk profiles for the development of severe
fibrosis.

Normal liver Liver with chronic injury

S

e e

» Basal lamina-like ECM in space of Disse (D) « Fibrillar ECM (F) in space of Disse
* Quiescent vitamin A-rich stellate (Ito) cells (S) - Activated stellate (Ito) cells and

+ Hepatocyte (H) microvilli and sinusoidal myofibroblasts
endothelial (E) fenestrae » Loss of hepatocytic microvilli and
 Kupffer cells (K) sinusoidal fenestrae

Figure 1: Capillarization of the sinusoids. Illustration of the major cell biological
events that determine functionally relevant fibrosis [modified from a sketch kindly
provided by Dr. M. Pinzani, Florence, Italy].
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Figure 2: Initiation and maintenance of fibrogenesis. With continuous injury,
primarily to hepatocytes or bile duct epithelia, and / or mechanical stress the normally
quiescent hepatic stellate cells and portal/perivenular fibroblasts undergo activation
and transdifferentiation to myofibroblasts. These myofibroblasts produce excessive
amounts of collagens, downregulate certain MMPs and show an enhanced expression
of the physiological inhibitors of the MMPs (TIMP-1 and -2). TIMP-1 can also
promote myofibroblast proliferation and inhibit their apoptosis.
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Gender (protection by high dose estrogens)

Pro/antioxidative enzyme polymorphisms (MnSOD, GSTP1, CYP2D6),
e.g., in hemochromatosis

Immune system (profibrogenic Th2 vs. Thl response)

Single nucleotide-polymorphisms (IL-1beta, [F-gamma, MCP-1, TNF-
alpha, Factor V Leiden, MMP-3, TGF beta 1, DQB1*0503)

Genetically determined comorbidities: HFE mutations, metabolic syndrome
(NASH)

Regulation of regeneration and apoptosis

Table 1: Genetic predisposition for hepatic fibrosis [12-20].

CYP2D6, cytochrome P450 2D6; GSTP1, glutathione S-transferase P1 [Stickel et al.
unpublished data]; MnSOD, manganese superoxide dismutase [Oesterreicher et al.
unpublished data]; NASH, non-alcoholic steatohepatitis.

IS THERE A GOLD STANDARD OF LIVER FIBROSIS?

Sequential histological grading of inflammation and particularly
staging of fibrosis are still considered the gold standard to assess
progression. However, certain studies have demonstrated sampling
errors not only in patients with liver diseases with a high degree of
intrahepatic heterogeneity such as biliary fibrosis, but also in patients
with alcoholic or hepatitis C virus (HCV)-induced fibrosis and
inflammation. Thus, when the well accepted, easy to use, 4 stage
METAVIR score is used to stage fibrosis [21], roughly one third of
the scores differed by at least one stage in the same patient when
biopsies from the left and right liver lobes were compared [22].
Similar results were obtained when laparoscopic assessment of
cirrhosis vs. non-cirrhosis (which is questionable as a gold standard)
was matched to histological findings [23] (Table 2 and 3). Similar
results were obtained for the grading of inflammation. This
discrepancy was confirmed and systematically investigated in a recent
study using the overall scoring of large surgical liver specimens from
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patients with chronic hepatitis C as a gold standard. Results of this
study showed that small, virtual biopsies derived from these large
sections were correctly categorized in only 65% vs. 75% of cases
when the biopsies were 15mm and 25mm long [24]. Moreover, a
further increase in length from 25-45mm did not significantly increase
accuracy. Therefore, although it is indispensable for many reasons,
liver biopsy cannot be considered the ultimate gold standard for the
assessment of stage and grade and thus the progression of fibrosis.
This uncertainty complicates the search for non-invasive (serological)
markers of the progression of fibrosis.

Homogeneity of staging & grading in chronic hepatitis C.
HCYV, laparoscopic biopsy of right and left liver
n=124, METAVIR score

Difference n %
>1 stage 41/124 33.1
>2 stages 3/124 2.4
>1 grade 30/124 24.2
>2 grade 2/124 1.6
cirrhosis vs. stage 3 18/124 14.5

Table 2: Sampling error in chronic hepatitis C [22].
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Laparoscopy vs. Histology
Retrospective, 1992-1994, 434 consecutive patients.
HCYV 52%, HBV 8%, FL 8%, PBC 4%, AIH 3%, others 25%

Laparoscopy Histology Error
Cirrhosis 169 115 32%
No cirrhosis 265 263 0.8%

Detection of cirrhosis (gold standard laparoscopy)

Sensitivity of biopsy 68%
Specificity of biopsy 0.8

Table 3: Sampling error in chronic liver diseases [23].

IMAGING TECHNIQUES

At present imaging techniques lack the sensitivity and specificity
necessary for the assessment of the stage of fibrosis in patients with
chronic liver diseases. Structural, non-homogenous findings at
ultrasound are not associated with the stage of fibrosis, and liver
echogenicity can only be used for the detection or exclusion of
moderate to extensive fatty infiltration [25]. Although the hepatic
artery resistance index as measured by Doppler ultrasound was
slightly higher in severe than in mild fibrosis, and no correlation was
found with histological inflammation, necrosis or portal flow velocity,
the method lacks sensitivity [26]. A slightly better differentiation
between slight and severe fibrosis is found with magnetic resonance
(MR)-techniques, such as superparamagnetic iron oxide-enhanced
MR, which shows hypersignal intensities with a reticular pattern in
most patients with advanced fibrosis (METAVIR F2-4), while the
signal from non-fibrotic areas where more Kupffer cells are present is
decreased [27]. The fibroscan, an interesting new technique using both
ultrasound and low-frequency (50Hz) elastic waves whose
propagation velocity are directly related to elasticity, was evaluated to
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quantify liver fibrosis in 106 patients with chronic hepatitis C. The
areas under the (ROC) curves were 0.88 and 0.99 for the diagnosis of
significant fibrosis or cirrhosis (METAVIR F2-4 and F4) [28]. Further
prospective studies are needed to determine whether this technique
can be used to detect changes in the stage of fibrosis in individual
patients, e.g. during antifibrotic therapy.

SEROLOGICAL MARKERS OF PROGRESSION

Several studies have been performed with combinations of known
serum markers of synthetic, metabolic or excretory liver functions, to
derive an algorithm that predicts the histological severity (stage and
grade) of chronic liver diseases. These algorithms were retrospectively
determined and prospectively validated. Examples are the fibroscore,
using alpha 2-macroglobulin, haptoglobin, gamma glutamyl
transferase (GGT), gamma-globulin and bilirubin [29-31], and another
score using platelet count, GGT, age and cholesterol [32] in patients
with chronic hepatitis C (Table 4 and 5). Although these scores can be
used instead of liver biopsy in a certain number of patients when a
decision to treat or not must be made, they do not appear to be suitable
for scientific studies requiring greater accuracy and an assessment of
the dynamics of fibrogenesis and fibrolysis. Thus, when making a
treatment decision, simple indicators may suffice. For example a
single increase in alanine aminotransferase (ALT) during a 6 month
observation period in patients with chronic hepatitis C indicated
>stage 1 fibrosis allowing treatment to begin. These results occurred
in 90% of patients (Table 6) [33]. Other indices are the PGA
(prothrombin time, GGT, apolipoprotein A with or without alpha 2-
macroglobulin) which has been validated in patients with alcoholic
liver disease (Table 7) [34, 35].
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Non-connective tissue markers as predictors of relevant liver fibrosis
in hepatitis C (Fibroscore)

205 retrospective, 134 prospective patients with hepatitis C
METAVIR FO0-1 vs. F2-4
5/11 serum markers predictive:
alpha-2 macroglobulin
haptoglobin
gamma-globulin
GGT
bilirubin
Index 0-0.1: 100% negative predictive of F2-4 (12%)
Index 0.6-1.0: 90% positive predictive of F2-4 (34%)

Index 0.1-0.6: no assignment possible (54%)

Table 4: Diagnostic value of the fibroscore to predict fibrosis stage in patients with
chronic hepatitis C [29].
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Score to predict absent/little fibrosis (F0-1) in hepatitis C

351 retrospective, 125 prospective patients with hepatitis C

METAVIR FO-1 vs. F2-4

Score: 7.811-3.131 In (platelet count) + 0.781 In (GGT) + 3.647 In (age) —

0.014 (cholesterol)
Score <4.2 Stage 0-1 Stage 2-4
Estimation 120/266 5/125
Validation 47/92 2/49
Score >6.9 Stage 0-1 Stage 2-4
Estimation 10/47 37/85
Validation 5/15 10/33

Score <4.2: sensitivity 51%, NPV 96%
Score >6.9: sensitivity 30%, PPV 66%

Table 5: Alternative index for prediction of fibrosis in patients with chronic hepatitis

C [32].
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Prediction of absent/little fibrosis (F0-1) by ALT

864 retrospective patients with hepatitis C
METAVIR FO0-1 vs. F2-4
ALT normal vs. ALT elevated during 6 months

Stage 0 1 2 3
ALT normal 34.8 51.5 12.1 0
ALT elevated 0.8 23.7 50.5 17

1.5

ALT persistently normal (n=66): 65% >F1, 26% >A1F1
ALT elevated: 99% >F1, 88% >A1F1
Cut-off ALT >2.25 ULN: clear indication for treatment

All patients with elevated ALT can be treated

Biopsy only for patients with normal ALT

Table 6: ALT as a predictor of relevant fibrosis or inflammation in patients with

chronic hepatitis C [33].
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PGA- or PGAA-index and alcoholic liver disease

Patients with alcoholic liver disease:
n=333 retrospective, n=291 prospective

METAVIR FO0-1 vs. F4
Serum markers: prothrombin time

gamma GT

apolipoprotein A
Index 0-2: 100% neg. pred. for F3/F4, 83% pos. pred. for FO/F1
Index 9-12:0% neg. pred. for FO/F1, 86% pos. pred. for F3/F4
Correct classification of 65% of patients (Poynard et al. 1991 [34])

PGAA-Index (incl. alpha-2 macroglobulin n=316 prospective):
Correct classification of 70% of patients (Naveau et al. 1994 [35])

Table 7: PGAA and PGA indices to predict the severity of alcoholic liver fibrosis
[34-35].

Measuring circulating metabolites of the ECM appears be a more
straightforward approach to assess fibrogenesis and fibrolysis,
especially in studies on the inhibition or reversal of liver fibrosis
(Figure 3) [36-38]. However, serum levels of these markers are
influenced by their excretion via the kidney or in bile, and by their
uptake by endothelial cells, especially by liver sinusoidal endothelial
cells. In addition, other organs with a high ECM turnover can
contribute to these serum levels. Cross-sectional studies suggest a
significant, but insufficient predictive value of single ECM markers
for the stage of fibrosis [39-41]. Meanwhile the cross-sectional
evaluation of the European liver fibrosis consortium (ELF) study
using 10 automatized ECM parameters in more than 1000 patients
with various chronic liver diseases provided algorithms of 3-4 ECM
markers with a better predictive value than an assessment by an
independent expert pathologist who was not trained as well as two
reference pathologists [42]. As in other studies correlating histology
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with noninvasive markers, the problem of validation for bioptical
sampling errors remains (see chapter above) which introduces an error
of one stage (METAVIR scale) in 25% of biopsies; this is expected to
increase when liver diseases other than chronic hepatitis C are
included (as in the ELF study). The results of the two-year follow-up
arm of the ELF study have not yet been published.

[ Fibrolysis: MMP-2, MMP-9 |

MMPs
Fibrogenesis: PIIINP, TIMP1, YKL-40 | Degradation .

Propeptide- W /\//g)J

Precursor cleavage F\/M\//:;\/\/‘ A

synthesis /\/\frrf:)-)) AR

% Fibrolysis
et o)

R

= =7
Matrix turnover (fibrolysis?): collagen IV, VI, XIV
laminin, tenascin, hyaluronan

Figure 3: Circulating matrix proteins related to fibrogenesis and fibrolysis.
Procollagen precursors released by fibrogenic cells are processed by procollagen
peptidases. Only removal of the bulky propeptides allows the formation of collagen
fibrils in the extracellular space. Thus circulating propeptide levels should reflect de
novo synthesis and deposition of collagen, i.e. fibrogenesis. On the other hand, action
of MMPs is expected to generate fragments of already deposited matrix proteins the
levels of which should reflect matrix dissolution, i.e. fibrolysis. Most other molecules
appear to rather represent an accelerated matrix turnover.

The two large multicenter studies that evaluate the predictive value of circulating
matrix markers as predictors of fibrosis stage are mentioned (ELF: patients with all
chronic liver diseases; Prometheus: patients with chronic hepatitis C). The ELF study
also assesses the predictive value as to fibrosis progression.
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A more direct approach to validate the true serum markers of
fibrogenesis and fibrolysis, which is nevertheless equally prone to
sampling errors, is the use of real time quantification of fibrosis-
relevant mRNA expression from liver biopsies compared to serum
fibrosis markers. In a study of 50 patients with various types of liver
disease, we found a fairly good correlation between liver procollagen I
or TIMP-1 expression and serum levels of the aminoterminal
procollagen type III peptide or TIMP-1 (data not shown). These
results need to be confirmed in larger studies. The availability of
serum markers of hepatic fibrogenesis (or fibrolysis) will provide a
quick and frequent assessment of the antifibrotic potential of drugs in
patients with progressive liver disease. If these reliable serological
tests can be combined with drugs that inhibit or revert fibrosis [43] the
desire to revert fibrosis or even cirrhosis may be fulfilled.
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Treatment of Acute Hepatitis C

Michael P. Manns, Andrej Potthoff, Elmar Jaeckel,
Heiner Wedemeyer

Hepatitis C Virus (HCV) infection is a common cause of chronic liver
disease but is rarely diagnosed at the stage of acute hepatitis C. HCV
becomes chronic in about 85% of individuals and leads to cirrhosis in
5 to 30 percent of cases [1]. The chronic course of acute infection
should be avoided to prevent the potential risk of cirrhosis and
hepatocellular carcinoma in patients with chronic hepatitis C. Overall,
approximately 3% of the world’s population is thought to be infected
with HCV. In the US, the National Health and Nutrition Examination
Study III (NHANES III) showed an anti-HCV prevalence of 1.8%
corresponding to 3.9 million anti-HCV-positive patients [2]. In
Germany, approximately 350,000 individuals (0.4% of the population)
are HCV carriers [3].

EPIDEMIOLOGY OF ACUTE HEPATITIS C

HCV is a blood-borne virus. Until 1990, hepatitis C was the most
important post-transfusion hepatitis, but the epidemiology of HCV
infection has changed dramatically. Nowadays, most patients with
acute HCV infection are intravenous drug users. The risk of acquiring
HCV by blood products has been reduced to less than 1/500,000. In
Germany all blood products are screened for HCV RNA by PCR and
thus, the risk of acquiring HCV through contaminated blood is close to
ZEero.
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NATURAL HISTORY

Regarding the acute phase of hepatitis C infection, it is currently
estimated that 25-30% of people infected with HCV will clear the
virus spontaneously 2-6 months after acquiring infection. Although
there is no way of predicting viral clearance on an individual basis, it
has been suggested that people with clinical symptoms of acute
hepatitis (e.g. jaundice), are more likely to clear the virus [4]. These
data support the findings of Gerlach et al. [5], and Nomura et al. [6],
showing that symptomatic icteric patients more often clear the virus
spontaneously than asymptomatic individuals. In the Nomura trial the
incidence of spontaneous HCV clearance during the first two months
was rather low (12% of cases), compared to other recent trials. The
rate of spontaneous clearance of HCV in acute hepatitis C was also
analysed by Hofer et al. [7] in a recent study. 75% (n=12) of patients
with acute icteric hepatitis showed clearance of HCV in a repeated
testing of HCV viral load. The authors concluded that early HCV viral
kinetics are a useful tool for distinguishing between patients who
require treatment and those who do not. Moreover, Lehmann et al. [8]
suggest that spontaneous clearance of HCV may be higher in patients
with HCV genotype 3 than in HCV genotype 1. There are also results
suggesting that women, babies and young adults are also more likely
to clear the virus than men [9].

DIAGNOSIS OF ACUTE HEPATITIS C

The symptoms of acute hepatitis C are usually mild and variable, and
can include malaise, nausea, loss of appetite, weakness, abdominal
discomfort, pale stools and dark urine. However, most patients do not
have clinical symptoms or jaundice in the phase of acute viral
infection and clinical symptoms are not different from other types of
hepatitis. The asymptomatic patient is often detected via surveillance,
such as following needle-stick exposure to a known carrier. Moreover,
there is still no prophylactic vaccine for HCV.

Unfortunately, there is no specific diagnostic test to identify acute
HCV infection, to distinguish it from reactivation phases that may
occur in chronic infection and to predict spontaneous clearance in
patients with acute HCV. Without an accepted serologic definition of
acute hepatitis C, and because many individuals do not have a
previously documented negative anti-HCV test, the diagnosis of acute
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HCV is usually based on surrogate markers (e.g. the existence of a
potential infection event, previously normal ALT values, exclusion of
other liver diseases etc.). Thus acute hepatitis C has been difficult to
study and there is still limited information about its natural history and
optimal management strategies.

TREATMENT OF ACUTE HEPATITIS C

Unlike the treatment of chronic hepatitis, controlled trials and practice
guidelines for the treatment of acute HCV are lacking. The NIH
Consensus Conference stated that treatment of acute hepatitis C “is
warranted” [10], and several meta-analyses of published studies have
concluded that antiviral therapy during acute HCV infection
significantly reduces evolution to chronic hepatitis [11]. This was
supported by the 2003 German Hep-Net/DGVS consensus conference,
which advises antiviral treatment of acute hepatitis C with interferon
for 24 weeks, to prevent chronicity.

Several studies have assessed treatment with interferon in patients
with acute hepatitis C, but there are problems with the accurate timely
diagnosis of acute HCV and thus the comparison of research results.
Different variables of the studies are represented in Figure 1.
Furthermore, randomized controlled trials are difficult to perform,
because of problems with patient enrolment, such as in patients with
intravenous drug addiction, ethical issues, and the small number of
people diagnosed with acute HCV.
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Figure 1: Early treatment of acute HCV-infection.
Santantonio et al. (Bari, Italy).

In order to standardize and optimize treatment of acute HCV, we
performed a prospective controlled trial in 1998 in Germany [12, 13]
and showed that monotherapy with interferon-alpha-2b for 24 weeks
prevented chronicity of acute hepatitis C in 98% of cases (n=44
patients).

One issue is when to begin treatment? Should treatment of acute
HCV be delayed 2-3 months after diagnosis or started immediately?
Starting immediately seems reasonable, before the infection is
established. In the Jaeckel study the favorable outcome of patients
with acute HCV could be due to the fact that treatment was started a
mean 89 days post-infection. In other studies [6, 7], a good starting
point for therapy in HCV-infected, HCV RNA-positive patients was
between day 70 and 100 after exposure, corresponding to day 20-50
after the onset of symptoms. Nevertheless, in the Jaeckel trial [12] one
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third of patients who were treated might have cleared the virus
spontaneously before starting treatment.

To study the efficacy of pegylated interferon in acute hepatitis C,
a second German trial was started in February 2001 with pegylated
interferon-alpha-2b alone for 24 weeks. Results were similar in this
study to those in the Jaeckel study with virological response rates of
>90% at least in the protocol analysis [14].

Thus far, there are no available data on the efficacy of antiviral
therapy for asymptomatic acute hepatitis C. While many uncertainties
remain, there are clear guidelines for management after injuries with
HCV-contaminated needles [15]. All expert panels agree that there is
no rationale for immediate post-HCV-exposure prophylactic treatment
as is currently performed after HIV exposure. Monthly monitoring of
alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
and a single measurement of the HCV RNA with PCR after 4-8 weeks
are sufficient (Figure 2). Overall, it has been estimated that only 1-3%
of needle stick injuries lead to infection.

| Assumed HCV infection |

!

Anti-HCV test (ELISA)
/ * ) \
| HCV RNA (PCR,bDNA) I Aminotransferases increased?
Event of infection?
l Immunosuppression?
+
}
Repeat testing of HCV RNA
(PCR)
1 \ S " - No evidence
M . _,l Replicative HCV infection
Spontaneous clearance of HCV | Lab control, ultrasound, Control of clinical symptoms;
genotyping, viral load, no Hepatitis
liver biopsy

Figure 2: Diagnostic algorithm.
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PERSPECTIVES

Numerous uncertainties remain about treatment of acute hepatitis C
infection. When is the best time to start therapy; when the patient is
first HCV RNA-positive before the onset of symptoms, at the peak of
ALT elevation, or when HCV RNA is already declining? Or even
later, after waiting for spontaneous HCV clearance, so that only
persistently viremic patients undergo treatment? Because the only
available data are for symptomatic acute HCV infection, the best
treatment regimen for asymptomatic individuals is unknown. Should
patients infected with HCV genotype 2 or 3 be treated since chronic
HCV with genotype 2 or 3 can be cured in more than 50% of patients?
What role should interferon therapy play in intravenous drug abuse
patients, methadone substitution programs or concurrent infections
with HIV or HBV?

In order to obtain new data about the advantages of the “wait and
see” strategy on one hand, and immediate treatment, on the other, a
nationwide upcoming randomised trial by the German network of
excellence for viral hepatitis (Hep-Net: www.kompentenznetz-
hepatitis.de) will compare these two treatment strategies (Figure 3). It
is our hope that this Hep-Net acute hepatitis C III trial will provide
answers to most of these open questions.
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Figure 3: Immediate monotherapy vs. delayed combination therapy.
Acute hepatitis C No. 3 Trial by the German Network of Viral Hepatitis “HEP-NET”
www.kompetenznetz-hepatitis.de.
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Treatment of Chronic Hepatitis C
in Naive Patients

Ola Weiland

Treatment of naive patients with chronic hepatitis C has already been
reviewed in international consensus meetings [1, 2]. The first
consensus was held in Paris and standard interferon in combination
with ribavirin was judged to be the best treatment for naive patients
[1]. Later in 2002 the National Institutes of Health (NIH) consensus
meeting stated that pegylated interferon in combination with ribavirin
was the optimal treatment for chronic hepatitis C [2, 3]. There is no
doubt that pegylated interferon is better than standard interferon and
results in higher response rates, is easier to administer, and generally
allows a better quality of life for patients during treatment, both as
monotherapy and in combination with ribavirin [4-9]. Thus, at present
the gold standard for treatment of naive patients with chronic hepatitis
C is pegylated interferon in combination with ribavirin [2].

TREATMENT WITH THE COMBINATION OF PEGYLATED
INTERFERON WITH RIBAVIRIN

The pivotal trials evaluating pegylated interferons have used either
pegylated interferon-alpha-2b or -2a, different doses of pegylated
interferon and ribavirin [6-8]. In the study by Manns et al. pegylated
interferon-alpha-2b with a low 0.5pg/kg body weight once weekly
(BW QW) (after a 4 weeks induction period with high dose) in
combination with ribavirin 1000/1200mg q.d. or a high dose pegylated
interferon-alpha-2b (1.5pug/kg BW QW) in combination with a fixed
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800mg dose of ribavirin was compared with standard combination
therapy (interferon-alpha-2b 3MU t.i.w. plus ribavirin 1000/1200mg
depending on weight) [6]. The 1.5ug pegylated interferon-alpha-2b
dose arm resulted in the highest overall sustained virologic response
(SVR) rate (Figure 1). In the study by Fried et al., pegylated
interferon-alpha-2a with a fixed dose (180pg QW) in combination
with ribavirin 1000 or 1200mg depending on weight was compared
with pegylated interferon-alpha-2a monotherapy, and standard
combination therapy [7]. The overall SVR rate was highest in the
pegylated interferon plus ribavirin arm (Figure 2). Treatment lasted 48
weeks for all patients in these studies, and a 24 week treatment
schedule, which had been recommended for genotypes 2 and 3 at the
Paris consensus meeting with standard combination therapy, was not
evaluated. The length of treatment (24 versus 48 weeks) and ribavirin
dose (800mg vs. 1000-1200mg) was further evaluated in a 4-armed
study with pegylated interferon-alpha-2a with a fixed dose (180ug
QW). In this study randomized patients were stratified according to
genotype and viral load, with a pre-planned unequal distribution of
difficult-to-treat patients (genotype 1 and or a high viral load) to the
longer treatment making the overall results not applicable for
comparison with other studies, but allowing assessment of response by
genotype and viral load [8]. This study confirmed that a 24 week
treatment was sufficient for genotypes 2 and 3 whereas 48 weeks was
needed for genotype 1. A 24-week treatment schedule for genotype 2
or 3 has also recently been evaluated for pegylated interferon-alpha-2b
(dosed 1.5pg/lkg BW QW) in combination with ribavirin (800—
1400mg g.d. depending on BW), and has been found to provide the
same results as a 48-week schedule in the registration study [10]. No
head to head comparison of the two approved pegylated interferons
has been conducted but the above mentioned studies indicate that both
pegylated interferons when combined with ribavirin are better than
standard combination therapy.
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Figure 1: Sustained virologic response (SVR) (%) in registration study on pegylated
interferon-alpha-2b by Manns et al. [6] according to treatment arm.
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Figure 2: Sustained virologic response (SVR) (%) in registration study on pegylated
interferon-alpha-2a by Fried et al. [7] according to treatment arm.
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In these previous pivotal studies genotype was the strongest
baseline factor to predict a sustained virologic response followed by
viral load, extent of fibrosis, race, weight, alanine aminotransferase
(ALT) quotient and gender. Furthermore, sustained virologic response
has been the primary end-point in these studies and is the best
indicator of a favorable response as well as an indication of
eradication and cure for most patients during long-term follow-up
[11]. Hence, this paper will review SVR separately according to
genotype based primarily on these pivotal trials.

TREATMENT OF CHRONIC HEPATITIS C CAUSED BY
GENOTYPE 2 OR 3

In the 2 pivotal registration studies [6, 7] only 48-week schedules were
used, and not a 24-week schedule which had been judged to be
sufficient for genotypes 2 and 3 with standard combination therapy
[1]. However, a 24 week combination treatment with pegylated
interferon-alpha-2a 180pg QW in combination with ribavirin 800mg
or weight based 1000-1200mg q.d. was shown to result in the same
SVR as the 48 week treatment schedule, 81-84% versus 79-80%,
respectively, in patients with genotype 2 or 3 [8]. The same findings
were found for pegylated interferon-alpha-2b when dosed 1.5pg/kg
BW and given in combination with ribavirin dosed 800-1400mg q.d.
according to weight [10]. This latter study only included a 24 week
treatment arm but the overall 81% SVR rate was comparable to the
82% reached in the 48-week treatment arm in the registration study
[6]. Thus, the optimal treatment length for genotypes 2 and 3 is 24
weeks and not 48 weeks since the shorter treatment reaches the same
SVR rate as the longer, and is more cost-effective. Although treatment
periods of less than 24 weeks seem to be sufficient in a subset of
patients with genotype 2 or 3, for the moment, this has only been
evaluated in small studies reported in abstract form.

On the other hand, certain monotherapy studies have indicated
that lower pegylated interferon doses might be sufficient for genotypes
2 and 3 since 1.0ugkg BW of pegylated interferon-alpha-2b and
135pug of interferon-alpha—2a have resulted in SVR rates that are
similar or better than higher doses [4, 12]. However, lower doses of
pegylated interferon in combination with ribavirin have only been
investigated in small uncontrolled studies which have showed similar
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results to those in randomized controlled studies with higher doses
[13].

The SVR for genotype 2 and 3 with pegylated interferon-alpha-2a
180pg plus ribavirin are given according to ribavirin dose and viral
load (low <800,000IU/mL versus high >800,000IU/mL) in Table la
[8], and with pegylated interferon-alpha-2b 1.5ug/kg BW plus
ribavirin 800-1400mg depending on BW according to viral load (low
<600,000IU/mL versus high >600,000IU/mL) in Table 1b [10].
Results in patients with genotype 2 or 3 are also given separately in
Table 1b.

79



Hepatitis C

Table 1: SVR at follow-up 24 weeks after treatment has been discontinued in patients
with chronic hepatitis C caused by genotype 2 and 3 with pegylated interferon-alpha-
2a (Table 1a) and pegylated interferon-alpha-2b (Table 1b) according to viral load.

Sustained virologic response (SVR)

Ribavirin dose Treatment All
length

800mg 24 weeks 84%

1000/1200mg 24 weeks 81%

800mg 48 weeks 79%

1000/1200mg 48 weeks 80%

LVL

85%
83%
88%
77%

HVL

84%
80%
74%
82%

Table 1a: SVR (%) in patients with genotype 2 and 3 treated with pegylated
interferon-alpha-2a 180ng according to ribavirin dose, treatment length, and viral load
(low <800,000IU/mL (LVL) versus high >800,000IU/mL (HVL), Cobas Amplicor
HCV Monitor Test, version 2.0, Roche Diagnostics, Brannchburg, New Jersey) [8].

Sustained virologic response (SVR)

Genotype Treatment All
length

2 and 3 24 weeks 81%

2 24 weeks 93%

3 24 weeks 79%

LVL

87%
95%
86%

HVL

74%
91%
70%

Table 1b: SVR (%) in patients with genotype 2 or 3 treated with pegylated interferon-
alpha-2b 1.5pg/kg BW plus ribavirin 800-1400mg depending on body weight
according to viral load (low <600,000IU/mL (LVL) versus high >600,000IU/mL
(HVL), real time polymerase chain reaction technology, lower limit of detection

291U/mL) [10].
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The overall SVR results in these studies are very similar, 84 and
81%, respectively. Results from the Hadziyannis study clearly indicate
that 24 weeks of treatment with a fixed pegylated interferon-alpha-2a
dose of 180ug QW is sufficient when combined with a 800mg
ribavirin dose (low compared to the 1000/1200mg standard dose).
This indicates that the dose of ribavirin can be lower in genotype 2 and
3 infections than in genotype 1. The SVR rate was the same in patients
with high and low viral load in this study when genotypes 2 and 3
were analysed together. In the study by Zeuzem et al. both pegylated
interferon-alpha-2b and ribavirin were dosed according to body
weight. The overall SVR was in the same range as with pegylated
interferon-alpha-2a plus ribavirin in the Hadziyannis study when
genotype 2 and 3 were combined, but patients with high viral loads
(>600,0001U/mL) responded less well and had an SVR of 74%. When
the SVR was analysed separately for genotypes 2 and 3, a lower SVR
was found but only in patients with genotype 3 who had high viral
loads (Table 1b). The SVR rates in genotype 3 patients with high viral
baseline loads was not published separately in the pegylated
interferon-alpha-2a study by Hadziyannis et al. so no data are
available. In the pegylated interferon-alpha-2b study by Zeuzem et al.
the lower SVR rate in genotype 3 patients with high viral loads mainly
seemed to be caused by a higher relapse rate in this category (23%)
compared to patients with genotype 2 with low or high viral loads and
genotype 3 with low viral loads (5-9%) [10]. These two studies
indicate that different doses of ribavirin, a lower 800mg fixed dose
versus a higher weight-based dose (800-1400mg) respectively are
optimal when combined with pegylated interferon-alpha-2a and -2b
respectively. The optimal dosing of ribavirin, however, has not yet
been fully clarified, and results from population pharmacokinetic
analysis suggest that it may be better to dose ribavirin according to
renal function and not to body weight alone [14].

TREATMENT OF CHRONIC HEPATITIS C CAUSED BY
GENOTYPE 1

The likelihood of achieving an SVR is predicted by pre-treatment
patient characteristics, as well as the early virologic response. The
strongest predictor for response is genotype. For the more difficult to
treat genotype 1 infections, a 48 week treatment schedule is necessary,
and improves results obtained with shorter treatment schedules [8].
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The results obtained in three pivotal pegylated interferon plus ribavirin
studies [6-8] are shown in Table 2.

In the registration pegylated interferon-alpha-2a study, a fixed
180pg interferon dose was used in combination with a 1000-1200mg
weight based ribavirin dose, a treatment schedule which also provided
the highest SVR rate in the 4-armed study evaluating ribavirin dose
(800mg versus 1000/1200mg) and treatment length (24 versus 48
weeks) [7, 8]. The overall SVR with pegylated interferon-alpha-2a
180pg plus the weight based ribavirin dose in these studies was 46-
52% (Table 2a). The corresponding SVR rates in patients with low or
high baseline viral loads were 56-65% versus 41-47%, respectively.

Table 2: SVR at follow-up 24 weeks after treatment has been discontinued in patients
with chronic hepatitis C caused by genotype 1 with pegylated interferon-alpha-2a
(Table 2a) and pegylated interferon-alpha-2b (Table 2b) according to viral load and
ribavirin dose.

Sustained virologic response (SVR)

Ribavirin dose Treatment All LVL HVL
length

1000/1200mg 48 weeks 46% 56% 41%

800mg 48 weeks 41% 55% 36%

1000/1200mg 48 weeks 52% 65% 47%

Table 2a: SVR (%) in patients with genotype 1 treated with pegylated interferon-
alpha-2a 180pg according to ribavirin dose, and viral load (low <800,0001U/mL
(LVL) versus high >800,000IU/mL (HVL), Cobas Amplicor HCV Monitor Test,
version 2.0, Roche Diagnostics, Brannchburg, New Jersey) [7, 8].
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Sustained virologic response (SVR)

Ribavirin dose Treatment All LVL HVL
length

800mg 48 weeks 42% 73% 30%

<10.6mg/kg BW 48 weeks 38% 74% 27%

>10.6mg/kg BW 48 weeks 48% 71% 37%

Table 2b: SVR (%) in patients with genotype 1 treated with pegylated interferon-
alpha-2b 1.5pg/kg BW and ribavirin 800mg q.d. (with a post hoc calculation of
ribavirin dose <10.6mg versus >10.6mg per BW) according to viral load (low
<2,000,000 copies/mL corresponding to <800,000IU/mL (LVL) versus high
>2,000,000 copies/mL corresponding to >800,000IU/mL (HVL), quantitative PCR
assay National Genetics Institute, Los Angeles, CA, USA, lower limit of detection 100
copies/mL) [6].

In the registration pegylated interferon-alpha-2b study, the best
results were obtained in the arm using a fixed 800mg dose of ribavirin
in combination with a 1.5pg pegylated interferon-alpha-2b dose/kg
BW [6]. An overall SVR of 42% was reached, and the highest SVR
(73%) was found in patients with low baseline viral loads and the
lowest SVR in patients with high baseline viral loads (30%) (Table
2b). The low ribavirin dose was selected because of concern that a
higher dose of pegylated interferon-alpha-2b might be associated with
anemia that would exacerbate that caused by ribavirin. A post hoc
evaluation showed that patients who received a ribavirin dose of
>10.6mg/kg BW had a better response than those receiving less than
10.6mg/kg. Nevertheless, only 37% of patients with genotype 1 and
high viral loads reached SVR in the high ribavirin dose group
(http://www.emea.eu.int/index/indexh1.htm), and only 27% of those
in the low ribavirin dose group [6].

In these randomized, controlled studies the SVR was lower in
patients with high baseline viral loads, who were older, heavier, and
had bridging fibrosis or cirrhosis.
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TREATMENT OF CHRONIC HEPATITIS C CAUSED BY
GENOTYPE 4

Genotype 4 seems to be more difficult to treat than genotypes 2 or 3.
A combined analysis of data from patients infected with HCV
genotype 4 who were enrolled in the Hadziyannis and Fried pivotal
studies revealed that SVR was obtained in 17/24 (79%) of the patients
treated with pegylated interferon-alpha-2a 180ug QW plus ribavirin
1000/1200mg QD for 48 weeks [7, 8]. In contrast, none of the 5
patients treated with a lower dose of ribavirin for 24 weeks obtained
an SVR [15]. This suggests that if genotype 4 is treated in the same
way as genotype 1 with high dose ribavirin for 48 weeks results can be
obtained that are similar to those with HCV genotype 2 or 3
infections.

EARLY VIROLOGIC RESPONSE (EVR)

The predictability of an SVR based on EVR has been assessed in
studies with both pegylated interferon-alpha-2a and-2b [7, 16]. An
EVR, defined as a decline of HCV RNA levels by at least 2 logs at
week 12 of treatment, is a good indication that an SVR will occur.
Conversely, and perhaps more important, in those without an EVR, 97
to 100% will not have an SVR. Thus lack of an EVR at week 12 is
used as a criteria to stop treatment of pegylated interferon plus
ribavirin.

COMPLIANCE TO TREATMENT

Treatment compliance is of major importance for the outcome [17].
There is a higher rate of SVR in patients who take 80% of the
pegylated interferon dose and 80% of the ribavirin dose for 80% of the
scheduled treatment period than in patients who do not. Compliance to
treatment period is particularly important. This is especially true in
patients with HCV genotype 1 and in patient populations with low
virologic response. It is therefore extremely important to treat side-
effects promptly and effectively to avoid unnecessary discontinuation
of therapy [18]. Hence, 80/80/80 compliance increased SVR in
genotype 1 infections from an overall 42% with pegylated interferon-
alpha-2b/ribavirin to 63% [6, 17].
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ADVERSE EVENTS

In general, the incidence and types of side-effects with pegylated
interferons combined with ribavirin are similar to those for standard
interferon plus ribavirin.

Adverse events associated with pegylated interferon-alpha are
bone marrow suppression with neutropenia and thrombocytopenia
which seem to be somewhat more pronounced with pegylated
interferon than standard interferon. The initial flu-like symptoms and
decline in health related quality of life during treatment seem to be
less pronounced with pegylated interferons than with standard
interferons [9, 18].

Side-effects typically associated with ribavirin are hemolytic
anemia, fatigue, itching and rash. Ribavarin-induced reactions depend
primarily on serum concentrations of ribavirin, and not on the dose per
kg BW [19].

CONCLUSIONS

Treatment for both HCV genotype 1 and probably genotype 4 with
pegylated interferon-alpha plus ribavirin should be for 48 weeks, with
a standard ribavirin dose (1000mg for patients weighing <75 kg and
>1200mg for those >75kg). Either pegylated interferon-alpha-2a
180ug or pegylated interferon-alpha-2b 1.5ug/kg body weight once a
week can be used. Quantification of serum HCV RNA should be
performed at baseline and at week 12 during therapy to evaluate if a
reduction in HCV RNA levels of at least 2 logs has occurred
corresponding to an early viral response. Treatment should be
discontinued in patients with no EVR. For genotypes 2 and 3,
pegylated interferon and ribavirin for 24 weeks is sufficient and the
ribavirin dose can be reduced to 800mg if needed. Further studies
should be performed to see if lower pegylated interferon doses and
shorter treatment times can be used for genotype 2 and 3 infections.
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Treatment of Chronic Hepatitis C
in Non-Responders

Jay H. Hoofnagle

INTRODUCTION

The treatment of chronic hepatitis C has evolved markedly over the
past 10 to 15 years [1]. With the initially approved regimens of
standard interferon-alpha given alone for 24 weeks, sustained
virological response (SVR) rates were only 6 to 12% [1, 2]. These
rates were increased by prolonging therapy to 48 weeks, but the
response rates were only 12 to 18% [2, 3]. A major improvement in
response rates to interferon therapy came with the addition of
ribavirin. Combination therapy for 48 weeks yielded sustained
response rates of 38 to 47%, more than twice that of interferon alone
[3, 4]. The introduction of pegylated interferons [5, 6] provided further
increases in response rates, and combination therapy with ribavirin
yielded SVR rates in the range of 54 to 56% [7-9]. Retrospective
analyses and subsequent prospective controlled trials demonstrated
that response rates and optimal dose-regimens varied with different
genotypes of HCV. In patients with genotype 1 infection, the optimal
regimen was full doses of pegylated interferon (180ug/week of alpha-
2a or 1.5ug/kg/week of alpha-2b) combined with ribavirin (1000 to
1200mg/day) for 48 weeks to achieve response rates of 41 to 52% [1,
9]. In patients with non-1 genotypes (particularly genotypes 2 & 3),
the optimal response rates (75 to 81%) could be achieved with a 24-
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week course of full doses of pegylated interferon and reduced doses of
ribavirin (800mg/day).

With each improvement in treatment regimen, the issue arises of
whether patients who fail to respond to a previous course of therapy
should be retreated with the more effective regimen [10]. Although
early studies demonstrated that retreatment with the same regimen was
associated with poor response rates, a proportion of non-responder
patients responded to the more effective regimen [11, 12].
Unfortunately, response rates to retreatment are often low, and
retreatment exposes patients to the added side-effects and expense of
another course of therapy. Furthermore, if retreatment is attempted
after each advance in therapy, many patients would undergo repeated
courses of treatment without a sustained benefit. Clearly, the potential
for efficacy and relative risks of retreatment regimens require careful
assessment.

In discussing treatment of non-responders, two major issues must
be analyzed separately: first, retreatment of patients who have failed to
respond to a previous, non-optimal course of therapy; second,
retreatment of patients who have failed to respond to the current
optimal regimen. Furthermore, it is also important to consider the type
of previous non-response for each category, whether it is a virological
response and relapse or a documented virological non-response [10].

RETREATMENT OF NON-RESPONDERS TO STANDARD
INTERFERON WITH OR WITHOUT RIBAVIRIN

Response rates with pegylated interferon have been consistently
higher than those with standard interferon with or without ribavirin [1,
5-9]. Results of the major registration trials of standard interferon with
and without ribavirin and of pegylated interferon with and without
ribavirin are given in Table 1 for patients with genotype 1 and in
Table 2 for patients with genotypes 2 and 3 (or in some instances
“non-1"”). When analyzed by genotype, SVR rates to pegylated
interferon and ribavirin were 17 to 25% higher than those to standard
interferon and ribavirin and 35 to 48% higher than those to standard
interferon alone. From these results one can calculate a hypothetical
response rate to retreatment:
Expected rate = [(SVR of current regimen) — (SVR to previous regimen)]/
(1-SVR to previous regimen).
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Author IFNa IFNa IFNa IFNa IFNa Peg Peg Peg

(yr) & & IFN IFN& IFN&
type RBV  RBV RBV  RBV

24 wks 48wks 24wks 48wks 48wks 24 wks 48 wks

McHutchison alpha- 1.8% 6.8% 159%  27.7% - - -

(1998) 2b

Poynard alpha- - 11.2% 18.1%  31.1% - - -

(1998) 2b

Lindsay alpha- - 6.5% - - 14.0% - -

(2001) 2b

Heathcote alpha- - 2.1% - - 12.5% - -

(2000) 2a

Manns alpha- - - - 33.2% - - 41.7%

(2001) 2b

Fried alpha- - - - 36.1%  20.7% - 46.3%

(2002) 2a

Hadziyannis alpha- - - - - - 42.4% 52.0%

(2004) 2a

Average 1.8% 7.6% 17% 32.8% 154% 42.4%  49.2%

Table 1: Sustained virological response rates in large trials in chronic hepatitis C,

genotype 1.

IFNa = interferon-alpha, RBV = ribavirin.
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Author IFNa  IFNa IFNa IFNa IFNa Peg Peg. Peg.
(1) & & IFN IFN& IFN&
type RBV  RBV RBV  RBV

24 wks 48wks 24wks 48wks 48wks 24wks 48 wks

McHutchison * alpha  15.6%  28.6%  68.8%  672% - - -

(1998) -2b

Poynard ® alpha - 333% 64.0% 639% - - -
(1998) -2b

Lindsay ° alpha - 28.4% - - 481% - -
(2001) -2b

Heathcote * alpha - 14.6% - - 51.3% - -
(2000) -2a

Manns ° alpha - - - 78.8% - - 81.0%
(2001) -2b

Fried " alpha - - - 60.7%  449% - 75.7%
(2002) -2a

Hadziyannis ® alpha - - - - - 82.5%  79.4%
(2004) -2a

Average 15.6%  282%  659% 682% 47.7%  825%  79.3%

Table 2: Sustained virological response rates in large trials in chronic hepatitis C,
genotype 2 & 3 or non-1.

“Non-1 genotype (thus genotypes 2, 3, 4, 5 and 6),® Genotypes 2 and 3

IFNa = interferon-alpha, RBV = ribavirin.

Thus, for a patient with genotype 1 who previously received a 48-
week course of interferon alone (SVR=7.6%) and is retreated with
pegylated interferon and ribavirin for 48 weeks (SVR=49.2%), the
expected response rate would be [(0.492-0.076)/(0.924)=45%].
Similarly for patients with genotype 1 who previously received a 48-
week course of combination therapy (SVR=33%), the expected
response rate to retreatment with 48 weeks of pegylated interferon and
ribavirin would be [(0.492-0.328)/(0.672)=24%]. For genotype 2 and 3
infected patients, the expected response rates to retreatment with
pegylated interferon and ribavirin would be 71% in patients who had
received monotherapy and 35% in those who had received
combination therapy using standard interferon. This analysis is clearly
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oversimplified and requires prospective assessment. It is based on
several assumptions: a lack of bias in patients selected for retreatment,
an expected clinical and virologic profile and response rate that is
similar to patients in the published registration studies, and a lack of
change in the likelihood of response with time or with previous
treatment. Thus, patients willing to undergo retreatment are likely to
have tolerated therapy well during the first course and had at least a
partial response to treatment or even a virological response and
relapse. Patients who have had poor tolerance to interferon therapy are
unlikely to accept retreatment. Perhaps even more important, there are
specific clinical factors associated with response and an overall
average response rate may not apply to the individual patient being
retreated.

Although there have been many studies of retreatment, few have
used the current recommended regimen of therapy for hepatitis C. The
largest study to date was recently published based upon the lead-in
phase of the HALT-C trial (Hepatitis C Antiviral Long-Term
Treatment Against Cirrhosis) in which patients with advanced fibrosis
or cirrhosis who were non-responders (remaining HCV RNA-positive
on therapy) to a previous course of standard interferon with or without
ribavirin were retreated with pegylated interferon and ribavirin for at
least 24 weeks [13]. The overall SVR was 18% and further analyses
showed that SVR rates were 12% in patients who had previously
received combination therapy and 28% in those who had received
interferon alone (P<0.0001). Furthermore, SVR rates varied by
genotype, and were 14% with genotype 1, 65% with genotype 2, and
54% with genotype 3 (P<0.0001). Thus, response rates were generally
lower than the estimated rates based on the calculations given above.
It is important to note that patients retreated in the HALT-C trial all
had advanced fibrosis or cirrhosis, which has been shown to be
associated with lower response rates. Furthermore, all were non-
responders to a previous course of therapy, and relapse patients were
not enrolled. Finally, the HALT-C trial was conducted in the United
States and had a high proportion of older, overweight or obese,
African-American patients, all factors that have been consistently
associated with lower rates of response to interferon- based therapy of
hepatitis C [1, 13].

Thus, the recommendation of retreatment for non-responders to a
previous less-than-optimal course of therapy, resulted in SVR rates
that are generally lower than predicted. Favorable clinical,
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biochemical, histological and virological factors should be considered
in the decision to retreat patients. Thus, retreatment might be
recommended with some optimism for a young patient with genotype
2 or 3 who previously received a short course of interferon
monotherapy. In contrast, retreatment may not be appropriate for the
older, overweight patient with genotype 1 who previously had a
virological nonresponse to the combination of standard interferon and
ribavirin. Patients who relapse after an initial course of standard
interferon with or without ribavirin are probably good candidates for
retreatment with pegylated interferon and ribavirin. In this situation,
longer courses of therapy might be considered as the duration of
treatment is correlated strongly with a relapse [3, 9, 11]. Clearly, more
studies of retreatment using pegylated interferon and ribavirin for
different periods of time are needed to provide more reliable
recommendations on retreatment.

RETREATMENT OF NON-RESPONDERS TO AN OPTIMAL
REGIMEN OF THERAPY

Patients who have already received pegylated interferon and ribavirin
and who have not had a virological response to therapy should not be
retreated with the same regimen. Previous studies with standard
interferon have demonstrated that retreatment with the same regimen
usually results in the same non-response, unless there was a major lack
of compliance or another unrelated adverse event during the initial
therapy [10-12].

An alternative approach, however, is to retreat, not for virus
eradication, but to ameliorate disease activity and prevent disease
progression. This approach is based on long-term, maintenance
therapy with either interferon (or pegylated interferon) or ribavirin or
the combination. An important factor to mention when discussing
these studies is that prevention of disease progression is a less well
defined endpoint for antiviral therapy of hepatitis C than sustained
virus eradication. The criteria for documentation of prevention of
progression have not been clearly established, and results of studies of
maintenance therapy must be viewed with caution. Disease
progression in chronic hepatitis C is slow, variable and difficult to
document. The proof that maintenance therapy can delay progression
of hepatitis C requires large, randomized, controlled trials with well
characterized cohorts of patients followed for several years with
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careful documentation of disease activity and stage. Endpoints in these
studies need to be carefully selected and focus on the prevention of
fibrosis and cirrhosis and ultimately clinical decompensation. These
requirements have not yet been met by any of the published studies on
long-term maintenance therapy of chronic hepatitis C with interferon,
ribavirin or both.

Maintenance therapy with interferon

Maintenance therapy with standard interferon alpha was evaluated by
Shiffman and coworkers in a preliminary study of patients who had
histological improvement without a complete virological response
(remaining HCV RNA-positive) during 24 weeks of interferon
monotherapy [14]. Patients underwent liver biopsy at the end of
interferon treatment and 65 of 167 non-responder patients were found
to have had a 50% decline in hepatic inflammatory scores compared to
baseline. These patients were considered to be eligible for the study,
and 53 agreed to be enrolled: 26 were assigned to stop interferon
therapy and be followed on no treatment and 27 were continued on
maintenance interferon at doses of 3 million units thrice weekly for an
additional 2 years, with follow-up liver biopsies at 12 and 24 months.
Thus, only virological non-responders who appeared to have had
histological improvement during therapy were enrolled in this study.
Eligible patients constituted approximately 39% of all non-responders
who were evaluated for inclusion and only 32% agreed to enroll in the
study and be treated for an additional 2 years.

The results of this trial showed that continuing interferon therapy
maintained improvements in serum aminotransferase levels, HCV
RNA titers and histological necroinflammatory scores in most
patients. In contrast, discontinuation of treatment was followed by a
shift of the serum biochemical, virological and histological
improvements towards baseline. Thus, the biochemical and
histological improvements that occur in approximately one-third of
virological non-responders can be maintained by continuous interferon
therapy. Of course, the major issue is whether these maintained
responses result in reversal or retardation of disease progression. In
this study fibrosis scores were improved by maintenance therapy but
the differences between treated and untreated patients were not
statistically significant. Thus, mean fibrosis scores increased in the
control patients from 2.2 + 0.3 to 2.4 + 0.4 (P=0.11) and declined in
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the patients on maintenance interferon from 2.5 + 0.3 to 1.7 + 0.4
(P=0.07). This study provided valuable preliminary results which
supported the need for larger and more ambitious studies on
maintenance interferon therapy.

Maintenance therapy with pegylated interferon

The possibility that maintenance therapy with standard or pegylated
interferon will result in long-term improvement of hepatitis C despite
lack of virus eradication is the focus of several ongoing trials,
including the National Institutes of Health-supported trial entitled
HALT-C. In that study, over 1500 patients with chronic hepatitis C
and advanced fibrosis or cirrhosis (Ishak fibrosis scores 3-4 and 5-6)
who previously failed to respond to a course of standard interferon
with or without ribavirin were retreated with pegylated interferon and
ribavirin for 24 weeks [13]. Patients who remained HCV RNA-
positive despite therapy with this optimal regimen were then
randomized to be treated with low doses of pegylated interferon alpha-
2a (90mg/week) or to be followed on no specific therapy. Treatment
was scheduled to last for 4 years with repeat liver biopsies at 2 and 4
years. The endpoints in this trial are progression to liver-biopsy
determined cirrhosis (in patients with bridging fibrosis initially) and/or
the clinical endpoints of death, liver transplantation, clinical
decompensation or hepatocellular carcinoma. This trial is in its fifth
year and most patients have completed the first two years of treatment
and follow-up evaluation.

Maintenance therapy with ribavirin

The use of ribavirin alone is another approach to maintenance therapy
to improve disease and prevent progression. Ribavirin monotherapy
has been shown to improve serum aminotransferases and liver
histology in approximately one-third of patients [15-18]. Patients
treated with ribavirin for one to two years have shown improvements
in necroinflammatory activity on liver biopsy [15, 18]. The question is
whether these biochemical and histological improvements are also
associated with prevention of disease progression whose major
surrogate marker is hepatic fibrosis.

Recently, a randomized controlled trial evaluated the benefits of
continuing ribavirin monotherapy when there was no virological
response to a 24-week course of standard interferon and ribavirin [18].

96



Treatment of Non-Responders

In this study 108 patients with chronic hepatitis C were treated with a
standard regimen of interferon alpha-2b and ribavirin for 24 weeks.
Patients who did not become HCV RNA-negative on therapy were
randomized to continue placebo or ribavirin alone (1000 to
1200mg/day) without interferon. Fifty patients were non-responders at
24 weeks, and 34 agreed to be enrolled into the double-blind part of
the study. The results showed that serum aminotransferase levels
returned to baseline in most of the 17 patients randomized to receive
placebo, but remained normal or near normal in most of the 17
patients randomized to continue ribavirin. After a year of placebo or
ribavirin therapy, repeat liver biopsies showed improvements in
histological activity among ribavirin- in comparison to placebo-
recipients. The degree of histological improvement on ribavirin
monotherapy was not as great as that in sustained virological
responders. Furthermore, fibrosis scores improved significantly among
the virological responders but did not change in the ribavirin
recipients. Thus, ribavirin was able to maintain biochemical and
histological responses in patients who continued to be viremic (at least
in a proportion of patients) but did not appear to improve fibrosis.
Patients with marked improvement in histological scores had normal
or nearly normal serum aminotransferases levels after therapy.

Thus, maintenance therapy with ribavirin or interferon or both is
an attractive approach to treat virological nonresponders but has yet to
be shown to have a significant effect on the course of chronic hepatitis
C. While both approaches appear to induce or maintain biochemical
and histological responses, neither has been shown to delay the
progression of disease or reverse fibrosis.

Maintenance therapy with ribavirin and pegylated interferon must
be considered experimental and of unproven benefit at present. If this
therapy is to be used outside of controlled trials, it should be limited to
patients who tolerate maintenance therapy well and who exhibit and
maintain a biochemical response while on treatment. Better definition
of patients who may benefit from maintenance therapy and optimal
means of monitoring and directing therapy is likely to arise from the
ongoing trials of this approach in the near future.
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Future therapies of hepatitis C

The importance of hepatitis C as a liver disease and the limited
efficacy of current therapeutic regimens have led to a search for more
effective and better tolerated therapies. These approaches have
included non-specific therapies and recommendations; immune
modulatory agents and cytokines, and specific antiviral drugs. These
approaches are particularly appropriate for patients who have failed to
respond to the optimal current regimen of pegylated interferon and
ribavirin or who have specific contraindications to this therapy. The
recent description of marked inhibitory effects of a HCV-specific
serine protease inhibitor provides great promise that safe and effective
small molecule therapies for hepatitis C will eventually be developed
[19]. Furthermore, multiple alternative and innovative approaches to
the treatment of hepatitis C are under active investigation and are
likely to bear fruit [20]. At present these therapies remain
experimental [21]. A patient who has failed to respond to optimal
current therapy of hepatitis C is a prime target for new therapies of
this important disease.
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Case Study in the Management of
Chronic Hepatitis C in Non-responders
to Antiviral Therapy

Jenny Heathcote

CASE

A 39 year old white business man was first found to have abnormal
liver biochemical tests in 1990 when he went to see his family
physician for a routine checkup. At the age of 17 he had begun
injecting drugs and at age 18 he had an episode of acute hepatitis.
Despite this he continued to be an injecting drug user for another 3
years. He had never been a heavy drinker, consuming no more than 3
beers per month. He has been overweight since he was a teenager
(Body Mass Index 32). He has asthma, and takes local medication to
relieve the symptoms. His mother is said to have died of liver cancer.
The patient was first referred to a hepatology clinic in 1997 after
being tested and found positive for hepatitis C. At that time, his liver
function tests were normal; serum bilirubin 11umol/L, serum albumin
48g/L, and international normalized ratio (INR) of 1.2. His liver
biochemical tests revealed an aspartate aminotransferase (AST) of
81IU/L and an alanine aminotransferase (ALT) of 160IU/L, serum
alkaline phosphatase levels were normal. His hemoglobin was 146g/L,
white cell count was 4.2x10°L, and platelet count was 148x10°%/L.
Ultrasound suggested that the liver texture was heterogeneous without
focal lesions and the size of the liver and spleen were normal. Bile
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ducts were normal. A percutaneous liver biopsy performed in 1998
showed grade 2 activity and stage 4 fibrosis (METAVIR). Genotyping
and viral load were not available at that time.

The patient was treated with interferon 3mU 3 times/week for 12
weeks. However his liver biochemical tests never returned to normal,
he had headaches, fever and nausea and his white blood count
decreased, so after 12 weeks he stopped treatment. The following year
he was identified as genotype la with a viral load of 9x10*TU/L. In
2001 he was retreated with pegylated interferon alpha-2a (180ug/wk)
and ribavirin 1200mg daily for a full year with no improvement in
either liver biochemistry or viral load. He described the treatment as
“brutal”.

In 2003 he was reassessed because he was anxious about
undergoing long-term therapy. He was recruited for the European
prospective investigation into cancer and nutrition (EPIC) program
and received a further 12 weeks of treatment with pegylated interferon
alpha-2b 1.5pg/kg/wk + ribavirin 1200mg/day. At the end-point of
these 12 weeks, his white blood cell count was only 1.5x10° (absolute
neutrophil count [ANC] 0.9) and his platelet count 70x10°/L. Liver
function tests (Alb 4.1g/L, bilirubin 17mmol/L) were normal and his
serum aminotransferases remained elevated (AST 149, ALT 252).
There was a <2 log decrease in his viral load after 12 weeks of
therapy. Treatment was stopped and he was randomized to long-term
observation rather than long-term low dose pegylated interferon alpha-
2b.

This 46-year old male has a 30 year history of hepatitis C and
currently has compensated cirrhosis. He has failed to respond to
interferon monotherapy, or pegylated interferon alpha + ribavirin. This
case history raises a number of questions.

What are the risk factors for progressive disease?

Factors recognized to influence the rate of progression in chronic
hepatitis C include age at acquisition, male gender, co-infection with
hepatitis B and/or HIV, regular alcohol consumption and hepatic
steatosis. In addition, there may be genetic factors which are unknown
as yet [1].
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What factors influence response to antiviral therapy?

Lack of response to treatment is influenced by viral genotype
(genotype 1a responds particularly poorly), the pattern of quasi species
development during treatment, and the viral titer. Genetic factors such
as ethnicity (African-Americans respond poorly) and genetic factors
controlling interferon responsiveness play a role. There may also be
viral factors which influence interferon response genes, e.g. IRF3
inhibited by genotype 1. Host factors influencing antiviral therapy
include the degree of hepatic fibrosis, hepatic steatosis, continued
alcohol consumption and central obesity [2, 3].

Is antiviral therapy beneficial in patients with persistent viremia?

Short-term follow-up of individuals treated with interferon and
ribavirin indicate that in some individuals, there may be a reduction in
the degree of hepatic fibrosis, despite persistent viremia. However,
long-term follow-up studies of therapy do not show that this
improvement is maintained.

In patients with cirrhosis the risk of hepatocellular carcinoma
(HCC) is only slightly reduced even in those with a sustained
virological response to treatment, i.e. antiviral therapy needs to be
given prior to the development of cirrhosis to effectively reduce the
risk of HCC [4-7].

What treatment strategies are there for hepatitis C patients with
cirrhosis who are non-responders to antiviral therapy?

Preventive strategies such as regular screening for hepatocellular
carcinoma on a semiannual or annual basis (and early treatment if
HCC is detected) as well as screening for esophageal varices and
prophylactic therapy with non-selective beta blockers when varices
develop may improve overall survival.

General strategies for patients with cirrhosis include advice on
avoiding certain drugs, e.g. benzodiazepines, nonsteroidal anti-
inflammatory drugs (NSAIDs), and aminoglycosides. Patients should
also always be reminded to have infections treated rapidly. In patients
who are not immune to hepatitis A and B, vaccination is
recommended to avoid the risk of developing a superimposed acute
hepatitis.
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Because the risk factors for HCC in cirrhosis due to hepatitis C
include iron overload, diabetes/obesity and smoking, attempts should
be made to reduce these additional risks.

There are some data which suggest that the use of triple therapy
(interferon, ribavirin and amantadine) may be effective in non-
responders to antiviral therapies [8, 9].
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Management of Patients with
HCV/HIV Co-infection

Vincent Soriano

INTRODUCTION

Both HIV and hepatitis C virus (HCV) infections are global public
health problems. Currently, more than 42 million people are estimated
to have HIV worldwide, while HCV infection is found in 2-3% of the
world’s population, which represents around 175 million people [1].
Overall, nearly 10 million people are co-infected with both HIV and
HCV.

Transmission of either HCV or HIV is frequent throughout
parenteral exposure to contaminated blood and blood products, with
HCYV being 10 times more infectious than HIV. Co-infection with both
viruses is therefore frequent in this population. For instance, HCV can
be found in 70-90% of HIV-positive hemophiliacs and in 60-80% of
HIV-positive intravenous drug users (IDUs) [2]. In contrast, sexual
transmission of hepatitis C is rare, which explains the low 4-8% rate
of HCV co-infection among HIV-positive homosexual men [3].
However, small epidemics of acute hepatitis C have been reported
among homosexuals in London and Berlin, which seem to be
associated with many sexual partners and blood shedding sexual
practices [4, 5] Taking these differences in transmission among
different risk groups into account, around one third of HIV-positive
persons are estimated to be co-infected with HCV in Europe and the
United States [6, 7].
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Around 85% of HCV antibody-positive HIV co-infected
individuals show HCV viremia [8, 9], a rate that is slightly above the
75% reported among HIV-negative individuals with HCV-positive
serology. Thus, HIV seems to favor hepatitis C chronicity after initial
exposure. Moreover, higher plasma HCV RNA levels (1 log on
average) are found in HIV-positive individuals compared to hepatitis
C patients without HIV [10]. In one study conducted among
hemophiliacs, plasma HCV RNA levels increased 10-fold within the
first 2 years after HIV seroconversion [11].

The distribution of HCV genotypes in the HIV population reflects
the main route of HCV transmission. Genotype 1b accounts for more
than two thirds of post-transfusion HCV infections and accordingly is
the predominant genotype among hemophiliacs [12]. In contrast,
genotypes la and 3a are much more frequent among IDUs [13].
However, recent evidence suggests that HCV genotypes 1 and 4 are
becoming more frequent than genotype 3 in Europe, while the
frequency of HCV-3 is steadily decreasing [14]. Given the prognostic
value of HCV genotypes and HCV load on treatment response, co-
infected patients should be generally considered as a difficult-to-treat
population.

NATURAL HISTORY OF CHRONIC HEPATITIS C IN HIV-
POSITIVE PATIENTS

There is no doubt that HIV accelerates the progression of HCV liver
disease, especially when HIV-associated immunodeficiency
progresses [15, 16]. In the American Multicenter Hemophilia Cohort
study, liver failure occurred in 9% of multitransfused HCV/HIV co-
infected hemophiliacs with no AIDS-defining condition [15]. In
contrast, during the same period, no cases of liver failure were
observed among HCV-positive hemophiliacs without HIV infection.
Subsequently, several studies have confirmed the unfavorable course
of hepatitis C in HIV co-infected patients, particularly in the setting of
advanced CD4 depletion [16, 17]. The time interval between HCV
acquisition and the development of cirrhosis is significantly shortened
in co-infected subjects. Overall, within 10-15 years after the initial
HCV infection, 15-25% of HCV/HIV co-infected patients develop
cirrhosis [18-21], compared to 4-6% of HIV-negative patients with
hepatitis C. It is important to note that co-infected hemophiliacs who
died from advanced liver disease were 10 years younger than HIV-
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negative hemophiliacs with hepatitis C [22]. Moreover, several reports
have also emphasized the occurrence of hepatocellular carcinoma at a
younger age and after a shorter duration of hepatitis C infection in
HCV/HIV co-infected individuals [23]. Finally, in a recent European
study including 914 patients co-infected with hepatitis C and HIV,
who underwent liver biopsy, the distribution of METAVIR liver
fibrosis stages was FO in 10% of patients, F1 in 33%, F2 in 22%, F3 in
22% and F4 in 13%, clearly showing the increased severity of liver
fibrosis in this population [24]. In that study, the best predictor of
severe liver fibrosis was age: nearly 50% of HCV/HIV co-infected
patients over 40 years had bridging fibrosis or cirrhosis (Figure 1). It
should also be stated that the mean age of HIV-positive individuals
being treated in European and North American clinics is 40-45 years
old.
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Figure 1: Liver fibrosis stage according to age in HCV/HIV co-infected patients [24].

Recent evidence suggests that the immune restoration that
follows the use of antiretroviral therapy might reverse the unfavorable
course of hepatitis C in co-infected patients. A study in 162 HCV/HIV
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co-infected individuals who underwent liver biopsy, demonstrated that
use of protease inhibitors as part of the highly active antiretroviral
therapy (HAART) regimens resulted in significantly reduced rates of
fibrosis progression [25]. These findings have been further confirmed
by a recent long-term cohort analysis showing that HCV/HIV co-
infected individuals on HAART had significantly lower liver-related
mortality than patients receiving either suboptimal (1 or 2 HIV drugs)
or no antiretroviral therapy [26]. Overall, the data available suggest
that HAART has a favorable impact on the further course of hepatitis
C in co-infected patients. These benefits of HAART seem to largely
outweigh the risks of increased liver toxicity in this population [7].
Thus, HAART should be offered to all HCV/HIV co-infected patients
using the general guidelines of antiretroviral treatment [27].

However the short and long-term success of HAART in
HCV/HIV co-infected patients, is limited by an increased risk of
hepatotoxicity [28, 29]. Multiple studies have demonstrated that
underlying hepatitis C is an independent predictor of liver enzyme
elevations after initiating HAART [30-33]. Further studies have
shown a significantly increased risk of liver toxicity in co-infected
patients especially with the protease inhibitor ritonavir (at doses of
600mg bid) and with nevirapine [34, 35]. Moreover, the use of “d-
nucleosides” (didanosine [ddI], Zerit [d4T], Hivid [ddC]), especially
the combination of d4T plus ddl has been found to result in an
increased rate of hepatic steatosis in co-infected patients [36-39].
Therefore, d-nucleosides (especially the combination of d4T plus ddI)
should be avoided, when possible, in HCV/HIV co-infected patients.

Liver disease due to chronic hepatitis C is now a leading cause of
morbidity and mortality among HIV infected patients in the developed
world, where the classic opportunistic complications of severe
immunodeficiency have declined dramatically thanks to the
widespread use of potent antiretroviral therapies [40-43]. Initial trials
with interferon and much later with interferon plus ribavirin provided
disappointing response rates and high drop-out rates due to adverse
events in HCV/HIV co-infected patients [44-48]. However, the recent
availability of the new pegylated forms of interferon (pegylated
interferon) provides better maintenance of effective interferon levels
for over a week after a single injection, allowing weekly subcutaneous
administration of the drug. The first results with the pegylated
interferon plus ribavirin combination are now available and the
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improved performance of this combination in several trials is
encouraging for HIV-positive patients with hepatitis C. As a result,
new guidelines about how to manage HCV/HIV co-infected patients
have recently been released [49] and will be the main body of
discussion of this review.

THE BEST HIV-POSITIVE CANDIDATES FOR HCV
THERAPY

All HIV infected individuals should be screened for HCV antibodies
in serum or plasma. HCV-antibody negative but HCV RNA-positive
cases may exist, mainly in patients with severe cellular immune
suppression due to HIV [10, 50, 51]. Those with repeatedly elevated
aminotransferase levels should be tested for HCV load and HCV
genotype, to assess anti-HCV therapy.

All HIV-positive patients with chronic HCV infection should be
considered as potential candidates for anti-HCV therapy, due to the
higher risk of progression to end-stage liver disease and increased risk
of liver toxicity after beginning antiretroviral therapy, compared to
HIV-negative patients [49]. Since response to HCV therapy is
dependent on the CD4 count [44, 52], ideally it should only be
prescribed when the CD4 count is above 350 cells/uL, a threshold
which is relatively easy to obtain in most instances when antiretroviral
therapy is properly used. Besides, this is currently the immunological
cut-off for beginning antiretroviral therapy in drug-naive patients [27].
In subjects with CD4 counts between 200 and 350 cells/uL, who are
already receiving long-term antiretroviral therapy, the decision to treat
HCYV should take into account other factors, such as the estimated
length of HCV infection, the severity of liver disease, the extent of
suppression of HIV replication, and classical predictors of response to
anti-HCV therapy, such as HCV genotype and HCV load [53, 54].

Finally, anti-HCV therapy should be postponed in individuals
with less than 200 CD4+ T cells/uL, since the response rate is very
low in this subgroup of patients [44, 52]. Moreover, the risk of
opportunistic infections in the short-term may be high and may worsen
with HCV therapy [55, 56]. Therefore, these patients should be treated
with antiretroviral therapy and receive prophylaxis for opportunistic
infections first. Later on, when their CD4 counts have risen and their
plasma HIV RNA is under control, the possibility of HCV therapy
should again be assessed.
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Patients with prior liver decompensation (ascites, gastrointestinal
bleeding, hepatic encephalopathy, etc) should not be treated, due to the
higher risk of serious side-effects using the current approved drugs,
pegylated interferon and ribavirin. These patients should be assessed
for liver transplantation. However, patients with compensated cirrhosis
(Child-Pugh class A) must be treated, since their chance of response is
currently relatively high and are ultimately those who will benefit
most from HCV clearance.

Individuals with a prior history of severe neuropsychiatric
disorders should not be treated, since interferon can exacerbate these
conditions. Individuals who have heavy alcohol intake and/or are
addicted to illegal drugs should delay treatment, and all efforts should
be made to put them onto detoxification programs. Patients on
methadone are acceptable candidates for anti-HCV therapy. Up to one
third of patients may require adjustment in methadone dosage [57];
however, this is for psychological reasons rather than pharmacological
interactions between HCV drugs and methadone. Ideally, a
multidisciplinary team, including experts in addiction, psychologists/
psychiatrics and infectologists should treat these patients [58, 59].

Based on the 2002 NIH Consensus Conference recommendations
[60], subjects with repeated normal liver enzymes may benefit from
current HCV therapy, particularly those infected with HCV genotypes
2 or 3. However, more data on liver damage in this subgroup of
HCV/HIV co-infected patients are needed to balance the cost-benefit
of anti-HCV therapy [49]. Preliminary data from the APRICOT trial
suggest that liver fibrosis may be recognized in a substantial
proportion of co-infected patients with normal ALT levels, although
treatment response rates seem to be lower in this population.

In drug-naive individuals with HCV/HIV co-infection, chronic
hepatitis C should be treated first if the CD4 count does not require
antiretroviral therapy. However, in patients with CD4 counts above
350 cells/uL but high plasma HIV RNA (i.e., above 50,000
copies/mL), it is not clear whether suppression of HIV replication
should be done first, postponing anti-HCV therapy until after HIV
viremia becomes undetectable. In these patients, a possible greater
efficacy of HCV therapy should be weighed against a greater risk of
interactions between antiretroviral and HCV drugs [49].
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THE ROLE OF LIVER BIOPSY IN TREATMENT DECISIONS

The value of liver biopsy before prescribing HCV therapy is under
debate [61-64]. Liver histology allows staging of HCV liver damage
and predicts the development of cirrhosis in the short-mid term. At the
same time, it may rule out other causes of liver damage, such as
hemochromatosis, alcoholic steatosis, Wilson’s disease, autoimmune
hepatitis, etc., although these conditions may be identified by other
non-invasive means [61-64].

This controversy is less a problem in HCV/HIV co-infected
patients, because the rate of advanced liver fibrosis is much higher
than in HCV monoinfected persons [20-24]. Anti-HCV therapy will
almost always be justified because of the extent of histological
damage in HCV/HIV co-infected patients [65]. Moreover, nearly half
of co-infected patients may show unexpected cirrhosis or pre-cirrhosis
[24]. The main predictor of advanced fibrosis stages seems to be age,
reflecting the estimated duration of HCV infection. On average, nearly
half of patients will have cirrhosis 25 years after first exposure to
HCV. The mean age of co-infected patients is currently 40 years old,
and most are former intravenous drug users who began to exchange
needles when they were about 20 years old, thus many of them should
now have significant liver fibrosis. Therefore, if they are not treated, a
rapid increase in liver complications among HIV infected persons
should occur over the next decade.

Those in favor of a liver biopsy before treating chronic hepatitis
C in HIV co-infected patients argue that side-effects, the risk of
interactions with antiretroviral treatment and the relatively low
efficacy of current anti-HCV therapy in this population are major
limitations so that medication should only be prescribed for those who
histologically really need it. However, liver damage is a dynamic
process and progression of fibrosis is accelerated in HCV/HIV co-
infected patients [66, 67], so those who support this point of view
should be reminded that if treatment is not offered to patients without
or with minimal fibrosis, liver biopsy should be repeated at 2-3 year
intervals. However, this option would be refused by many patients and
may significantly increase costs. Accordingly, a recent analysis has
demonstrated the cost-effectiveness of therapy in co-infected
individuals [68].
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TREATMENT RESULTS IN HCV/HIV CO-INFECTED
PATIENTS

In the last few months, the final results of large trials assessing the
efficacy and safety of pegylated interferon plus ribavirin in co-infected
patients have been released. Most of these studies have been
performed by European investigators [69-72]. However, the trials
about this treatment modality in co-infected patients that had the
greatest public impact appeared in February 2004, when three large
comparative trials were presented orally at the 11th Retrovirus
Conference, in San Francisco, CA. In contrast to many prior studies,
these three pivotal trials all provided treatment for 12 months to all
patients, irrespective of their HCV genotype. Besides, due to concerns
on drug interactions and further toxicities, lower than recommended
doses of ribavirin were prescribed. Moreover, only patients with a
relatively good immunologic status were recruited into these trials,
acknowledging that severely immunosuppressed patients should not
be treated.

Table 1 summarizes the main treatment schedules and results of
the main trials conducted in co-infected patients assessing the efficacy
and safety of pegylated interferon plus ribavirin.
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Study No. Treatment schedule Discont. End-of- Sustained
due to treatment virological
adverse response* response*
events
Pérez- 68  pegylated interferon alpha-2b 15% 40% 28%
Olmeda 1.5pg/kg/week + ribavirin
et al. [69] 800mg/d 48 weeks (genos 1 &
4) and 24 weeks (genos 2 & 3)
Voigt 72 pegylated interferon alpha-2b 17% 46% 26%
et al. [70] 1.5pg/kg/week + ribavirin
800mg/d
48 weeks (genos 1 & 4) and 24
weeks (genos 2 & 3)
Ballesteros 28  pegylated interferon alpha-2b 29% 25% 29%
etal. [71] 1.5pg/kg/week + ribavirin
800mg/d
48 weeks (genos 1 & 4) and 24
weeks (genos 2 & 3)
Moreno 35  pegylated interferon alpha-2b 17% 40% 31%
etal. [72] 0.5ng/kg/week + ribavirin
800mg/d
48 weeks (all genos)
Chung 66  pegylated interferon alpha-2a 12% 41% 27%
etal. [73] 180ug/week + ribavirin (geno 1:29%)  (geno 1:14%)
600mg/d (increased to (geno 3:80%)  (geno 3:73%)
1000mg/d at week 12)
48 weeks (all genos)
Perronne 205 pegylated interferon alpha-2b 38% 36% 27%
et al. [74] 1.5pg/kg/week + ribavirin (genos 1-4:16%)
800mg/d (geno 2-3:43%)
48 weeks (all genos)
Torriani 289  pegylated interferon alpha-2a 12% 49% 40%
etal. [75] 180ug/week + ribavirin (geno 1:38%)  (geno 1:29%)
800mg/d (genos (genos 2-3:62%)
48 weeks (all genos) 2-3:64%)

*results based on intent-to-treat analyses.

Table 1: Response to pegylated interferon plus ribavirin in HCV/HIV co-infected
patients; results of pivotal studies.
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The AIDS Clinical Trials Group (ACTG) 5071 included 66 co-
infected patients from several centers located in the United States.
Subjects were treated with a fixed dose of 180ug/week of pegylated
interferon-alpha-2a (Pegasys) plus ribavirin [73]. All subjects began
ribavirin at doses of 600mg/day and increased up to 1000mg over the
last weeks if the tolerance was acceptable. In this trial, 77% of patients
carried HCV genotype 1, which tends to respond less well to HCV
therapy. End-of-treatment-response (EOTR) was reached in 41% of
patients, but sustained virological response (SVR) only was
maintained by 27% (14% in subjects with HCV genotype 1 and 73%
in those with other genotypes).

The RIBAVIC trial was a multicenter French study performed by
the Agence Nationale de la Recherche Scientifique, in which 205 co-
infected patients were treated with a weight adjusted dose
(1.5pg/kg/week) of pegylated interferon-alpha-2b (pegylated Intron)
plus a fixed dose of 800mg of ribavirin [74].

AIDS Pegasys Ribavirin International Co-infection Trial
(APRICOT) is the largest trial so far in co-infected patients assessing
the response to current HCV therapy. A total of 289 co-infected
patients from several countries and continents received at least one
dose of pegylated interferon-alpha-2a (Pegasys) 180ug/week plus a
fixed dose of 800mg of ribavirin per day [75]. The overall rate of SVR
was 40%, but it dropped to 29% in patients with HCV genotype 1.
Close monitoring of patients and strict inclusion criteria provided a
relatively low discontinuation rate in this trial (25%), whereas in the
French RIBAVIC trial up to 38% of patients did not complete therapy
[74].

Much better response rates were obtained for HCV genotypes 2
or 3 compared to genotype 1 in all these trials. For instance, in the
APRICOT trial the rate of EOTR was 64%, with a rate of SVR of
62%. This low relapse rate for these genotypes should be mentioned,
and suggests that extending treatment beyond 24 weeks for those
particular genotypes appears necessary to avoid relapses in the setting
of HIV infection [76]. In prior studies in which co-infected patients
with HCV genotypes 2 or 3 were treated for only 24 weeks, relapse
rates were recognized in more than one third of patients [76].

In summary, the use of pegylated interferon plus ribavirin
improves the rate of SVR in HIV-positive patients with chronic
hepatitis C and therefore should be considered the best treatment
choice in this population, as it is in HCV monoinfected individuals
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[60]. The best response rates were seen in the APRICOT trial,
although some differences existed between the studies. For example,
the lower ribavirin dosages of 600mg per day given initially in ACTG
A5071 could explain the lower response rates. Similarly,
discontinuation rates of nearly 40% significantly penalized the
response in the RIBAVIC trial. Other features, such as the proportion
of patients with HCV genotype 1, with cirrhosis, or who were
intravenous drug users could also further explain the lower response
rates in those trials (see Table 2).

ACTG 5071 APRICOT RIBAVIC

No. on pegylated + ribavirin 67 289 205

IDUs 80% 62% 81%
Cirrhotics 11% 15% 18%
Genotypes 1-4 77% 67% 69%
Mean CD4 count 492 520 525

With HAART 85% 84% 82%
Discontinuations - 25% 42%
EOTR (ITT) 41% 49% 36%
SVR (ITT) 27% 40% 27%

Table 2: Mean characteristics of the study populations and results of the three pivotal
studies reported at the 11th Retrovirus Conference (February 2004).

The reason why anti-HCV therapy obtains such a poor response
in the setting of HIV infection are multiple (Table 3) [49]. Since both
pegylated interferon and ribavirin act, at least partially, as
immunomodulatory agents, subtle immune defects due to HIV
infection might have a negative influence on the performance of these
drugs, even in patients with high CD4 counts and undetectable plasma
HIV RNA under antiretroviral therapy.
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Use of lower than optimal doses of ribavirin in most trials.

Less activity of anti-HCV therapy in the setting of HIV-related
immune dysfunction.

More advanced liver fibrosis stage.

Higher rate of steatosis (alcohol, nucleoside analogs).
Unfavorable HCV virological features (high HCV RNA titers).
Lower initial HCV RNA clearance on treatment.

More frequent relapses after treatment discontinuation.

Higher rate of treatment withdrawals due to side-effects.

Lower drug compliance.

Table 3: Factors explaining the lower response rates to HCV therapy in HCV/HIV co-
infected patients.

In addition, we also mentioned that there was a high rate of HCV
treatment discontinuation in some of the trials performed in HIV co-
infected patients, sometimes more than one third of recruited patients.
Although this may reflect a higher rate of serious adverse events in
this population compared to HIV-negative patients, which is usually
less than 15% [77, 78], it might also suggest that some HIV physicians
are not familiar with the management of side-effects of anti-HCV
therapy. Thus, efforts to minimize side-effects with preventive
symptomatic treatments and appropriate management of complications
are critical to ensure completion of HCV therapy in most patients.

MONITORING THE RESPONSE TO HCV THERAPY IN HIV-
POSITIVE PATIENTS

Individuals with HCV alone who will clear HCV RNA with HCV
treatment show a virological response soon after beginning therapy
[60, 78, 79]. Therefore, early assessment of serum or plasma HCV
RNA titers after starting treatment may help identify who will benefit
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from prolonging therapy and who will not. Those HIV-negative
patients who show a decline in HCV RNA greater than 2 logs and/or
to undetectable levels at 12 weeks of therapy, may eventually reach a
sustained response. In contrast, almost none of those who have HCV
RNA reductions of less than 2 logs at 12 weeks achieve this goal.
Therefore, HCV therapy may be discontinued at week 12 based on this
virological criteria in early non-responders [60]. This guide to HCV
therapy can spare side-effects and cost in individuals with no chance
of cure. In HCV/HIV co-infected patients these considerations are
even more crucial, since interactions between antiretrovirals and HCV
drugs are frequent and issues related to poor compliance in subjects
under polymedications are highly relevant [49].

Kinetic studies suggest that HCV clearance after beginning
therapy with interferon may be delayed in the setting of HIV infection
[80] (Figure 2a). Therefore, concern exists about the reliability of the 2
log HCV RNA reduction rule at 12 weeks: it might not work in
HCV/HIV co-infected patients. However, data from several recent
trials, included those from ACTG A5071, RIBAVIC, APRICOT and
others suggest that despite a slower decay in HCV/RNA in HIV co-
infected patients after beginning HCV therapy, all subjects who will
reach SVR show a greater decline than 2 logs at week 12 of therapy
[71-75]. Furthermore, a more recent report has demonstrated the
predictive value of the 2 log rule at week 12 in co-infected patients in
a better designed study [81]. In this study, the only difference between
HIV-positive and HIV-negative subjects with hepatitis C was that the
proportion of patients reaching virological response at any given time
point was much lower in the co-infected population (see Figure 3), but
it did not deny the predictive value of SVR using early virological
assessments. Therefore, the principles guiding anti-HCV therapy in
HIV-negatives may also apply to HIV co-infected patients (see Figure
4).
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Figure 2: Hepatitis C virus kinetics under interferon therapy. Influence of HIV
infection [49]: a) early phase; b) second phase.
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65%
YES
0,
86% 56%
SVR
YES 39%
0,
no.=453 58%
HCV-RNA 44%
drop >2 logs
3%
no.=89
NO 14% YES
SVR 0%
42% 97%

HIV-neg (Fried et al. NEJM 2002)

100%
HIV-pos (Soriano et al. Antiviral Ther, in press) ’

Figure 3: Virological response at different time points in HIV-positive [81] versus
HIV-negative patients [78].
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Continue until month 12 (HCV-1/4**)

Pegylated interferon + ribavirin

Figure 4: Algorithm for the treatment of chronic hepatitis C [60].

* In patients with high baseline HCV loads, treatment might be prolonged beyond 24
weeks despite the recognition of detectable viremia at that time if a reduction greater

than 2 logs was observed at week 12 of therapy.

** In the light of higher relapse rates in the setting of HCV-HIV co-infection, patients
with HCV genotypes 2-3 showing good virological responses at earlier time-points

should be advised to prolong therapy up to 12 months.

Patients with high HCV loads may have a good early virological
response but may not reach undetectable viremia at week 24, even
though they will clear HCV much later [82]. This subset of patients
represents less than 3% of HCV monoinfected individuals, but may be
larger in HIV co-infected patients, who frequently have higher
baseline HCV RNA titers and who may have slower HCV RNA
decays on treatment [10, 80]. In this situation, extending treatment for
12 months may be advisable since it may allow the patient to reach

SVR.
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There is a second phase of clearance of HCV RNA in subjects on
long-term HCV therapy, which explains the steady destruction of
infected cells (hepatocytes) [83, 84]. A slower decay in HCV RNA in
the presence of HIV infection (see Figure 2b) could explain why the
early discontinuation of therapy might result in higher relapse rates in
virological responders. We have already mentioned that the most
recent data support this notion, and make it necessary to reconsider
how long to continue HCV therapy in HCV/HIV co-infected patients
with an early virological response. This particularly applies to HCV
genotype 3, since relapses are uncommon in HIV-negative subjects
infected with this genotype while it may occur in one third of
HCV/HIV co-infected patients treated for only 6 months [76], based
on what is recommended in HIV-negative patients [60]. Recent studies
such as RIBAVIC and APRICOT, which provided treatment for 12
months to patients with HCV genotypes 2 and 3, have proven that
relapses are markedly reduced using the extended period of therapy.
Therefore, co-infected individuals with HCV genotypes 2 or 3 should
be treated for 12 months instead of for shorter periods. Relapses in
HCV genotypes 1 or 4 in co-infected patients treated for 12 months
occur in 20-35% of patients. In this population, the benefit of long
periods of therapy, at least among early virological responders, should
be investigated, since results from patients with HCV alone have
recently shown a reduction in relapse rate to less than 15% when HCV
treatment is extended to 18 months [85].

Patients with HCV alone who do not clear HCV RNA during
HCV treatment might benefit from long-term therapy with interferon
alone [86-88]. Maintenance therapy with interferon may provide
histological improvement and even reduce the risk of hepatocellular
carcinoma. It is currently being investigated as an alternative approach
in large trials (i.e., hepatitis long-term treatment against cirrhosis
(HALT-C) and EPIC). Whether this strategy could be considered in
some HCV/HIV co-infected individuals with advanced fibrosis who
did not respond virologically to HCV therapy, should be further
investigated. The use of lower doses of pegylated interferon (half
those recommended at first line) may improve tolerance and facilitate
long-term administration of the drug. However, this potential benefit
should be weighed against an expected reduction in the quality of life
due to the long-term prescription of a drug administered
subcutaneously, which often causes side-effects, including a reduction
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in the CD4 count which is considered undesirable in most HIV-
positive patients.

MANAGEMENT OF SIDE-EFFECTS OF HCV THERAPY IN
HIV-POSITIVE PATIENTS

Side-effects of HCV treatments are common, and include five main
categories: influenza-like symptoms (headache, fever, asthenia,
myalgias, decreased appetite), hematologic  abnormalities,
neuropsychiatric  disorders (depression, irritability, insomnia),
gastrointestinal symptoms (nausea, diarrhea), and inflammation at
injection sites. In addition, other adverse events are rare but include
alopecia and thyroid dysfunction [60, 89]. Overall, they result in
treatment discontinuation in around 15% of patients with HCV
infection alone, and to dose reductions of either pegylated interferon
and/or ribavirin in another 20-25% ([77, 78]. Higher treatment
discontinuation rates have been found in some studies in HIV co-
infected persons [71, 74]. The lack of expertise in the management of
HCV treatment-related side-effects by doctors as well as insufficient
information to patients both help explain these high drop-out rates.
These aspects should therefore be properly addressed in the future.
When possible, hepatitis C in HIV co-infected patients should be
treated by medical teams with expertise in the field.

The hematologic abnormalities may be due to either pegylated
interferon or ribavirin. Anemia due to ribavirin typically is mild and
due to extravascular hemolysis, and is accompanied by an increase in
reticulocytes. Although ribavirin dose reductions may reduce anemia,
the usefulness of recombinant erythropoietin (r-EPO) has been shown
in these patients [90]. Supplements of folinic acid are advisable.
Otherwise, the dose of ribavirin should be reduced to half when
hemoglobin (Hb) drops below 10g/dL, and it needs to be discontinued
if it goes below 8.5g/dL. However, ribavirin exposure appears crucial
to obtain higher sustained response rates, especially in patients with
HCV genotype 1 [77, 91]; therefore any efforts to keep patients on
adequate doses of the drug (i.e., using r-EPO) should be favored.

Leukopenia, especially neutropenia and less frequently
lymphocytopenia, may develop with pegylated interferon. Patients
should be informed about the risk of reduced CD4+ counts [44, 55,
56] which mostly affect absolute CD4 number but not the percentage
of cells. Moreover, it reverses after discontinuing interferon therapy
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[92]. For neutropenia, the use of therapeutic growth factors, such as
granulocyte colony stimulating factor (GCS-F), may be considered
and may be better than reducing pegylated interferon doses, especially
in patients with HCV genotype 1, who seem to be particularly
sensitive to pegylated interferon doses.

INTERACTIONS BETWEEN ANTIRETROVIRAL DRUGS
AND HCV MEDICATIONS

Since anemia is a frequent side-effect during ribavirin treatment,
attention should be paid to patients who are taking azidothymidine
(AZT), which is also known to cause anemia. Thus, in patients with
AZT-related anemia this drug should be discontinued before
prescribing ribavirin. Alternatively, Hb values should be closely
monitored during the first 6 weeks of therapy [49].

Mitochondrial damage is a result of the inhibition of
mitochondrial polymerase gamma by nucleoside analogs [93, 94].
Ribavirin can enhance intracellular concentrations of phosphorylated
ddI metabolites, and result in a higher risk of toxicity [95-97]. Several
cases of pancreatitis and/or lactic acidosis have been reported, and the
FDA now warns against the risk of giving ribavirin and ddI
concomitantly. Therefore, subjects who begin treatment with ribavirin
should not use ddl concomitantly [49]. The role of d4T in the
development of lactic acidosis in these patients has also been shown in
the RIBAVIC and APRICOT trials, mainly when used concomitantly
with ddI [74, 98].

More recently, cases of liver decompensation, some fatal, have
been reported in subjects receiving ribavirin with ddl [74, 98]. All
these cases occurred in patients with cirrhosis, and hypothetically ddI
and ribavirin acted synergistically leading to liver failure. Therefore,
the concomitant administration of ddl and ribavirin should be
contraindicated in subjects with advanced liver fibrosis.

Finally, several observations have shown that ribavirin could
potentiate subcutaneous fat loss when used concomitantly with some
nucleoside analogs, mainly d4T [99]. In this form, severe weight loss
mimicking progression of lipoatrophy could be another characteristic
side-effect due to the interaction of ribavirin and antiretroviral drugs.
Patients should be informed in advance about the risk of this
complication and, when possible, drugs with a lower lipodystrophic
profile should be prescribed.
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Treatment of Chronic Hepatitis C
in Special Populations

Anais Vallet-Pichard, Stanislas Pol

INTRODUCTION

We will focus on the antiviral treatment of HCV infection in special
populations, namely patients with hematological diseases, psychiatric
disorders or kidney diseases (hemodialyzed patients and kidney
recipients). In these patients, the prevalence of HCV infection is high
(10 to 90%), mainly related to blood transfusions (before 1990) or
clotting factor transfusions before 1986 and to the solvent-detergent
procedure of viral inactivation (genotype 1b), as well as nosocomial
transmission with frequent mixed infections. In hemophiliacs [1, 2] or
hemodialysis patients [3], the natural history of HCV infection is
similar to that of the general population, while it is accelerated in
alcoholic patients [4] and kidney recipients [3,5] with increased viral
replication and a higher frequency of cirrhosis. Early treatment is
logical and cost effective by decreasing the prevalence of cirrhosis and
hepatocellular carcinoma before irreparable severe liver lesions have
occurred and before highly complex populations of HCV genomes
have been generated.
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TREATMENT OF CHRONIC HEPATITIS C IN PATIENTS
WITH HEMATOLOGICAL DISEASES

Hemophiliac patients

Hemophilia does not modify the recommended therapeutic strategies
because there are risks of liver-related mortality, whatever the HIV
status [1]. The tolerance and efficacy of interferon alone and
combination therapy with ribavirin are similar to that in the general
population [6, 7], even with HIV co-infection [8] and a risk of lactic
acidosis associated with the use of nucleoside analogue reverse
transcriptase inhibitor (NRTI). To date there is no experience of
combination therapy with pegylated interferon and ribavirin, but this
should be the first line treatment. Even if there are limited data about
the risk of developing anti-FVIII antibodies in hemophiliac patients
treated with interferon [9], monitoring of these patients should be
recommended.

Thalassemic patients

In thalassemic patients, a sustained virologial response is obtained in
40 to 57% of cases with interferon monotherapy with no more side-
effects than in other populations [10-16]. There is limited data about
interferon and ribavirin but efficacy seems to be comparable to that
observed in the general population [16]. Ribavirin therapy may be
difficult to manage because of pre-existing anemia but treatment is
relatively well tolerated with enhancement of blood transfusions.
Finally, iron overload may limit the efficacy of treatment [17].

As in the general population, pegylated interferon-alpha in
association with low and increasing doses of ribavirin should be
recommended in thalassemic patients. The place of associated
erythropoietin therapy in these patients needs be discussed.

TREATMENT OF CHRONIC HEPATITIS C IN PATIENTS
WITH PSYCHIATRIC DISEASES

Psychiatric diseases, such as depression, are more frequently found in
HCV-infected patients than in the general population [18]; this seems
to be related both to chronic disease and to fear of the future [19] as
well as to past medical history because some HCV-infected patients
are alcoholic or ex-intravenous drug abusers, which may be associated
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with psychiatric disorders [20, 21] such as schizophrenia [22].
Treatment with pegylated interferon and ribavirin is associated with
mental side-effects in 20 to 40% of cases [23]. Results of therapy in
this population are limited and contradictory [24-25] and a psychiatric
evaluation, clear explanations to the patient and his family and close
follow-up are recommended before treating patients with severe liver
disease. The use of preventive or therapeutic antidepressant
medication also helps decrease or control side-effects [25-31].

In a recent study including patients with psychiatric disorders, ex-
intravenous drug users using methadone or who had stopped drug
abuse for at least 3 months and a control group, the mental side-effects
were neither more frequent nor more severe in the psychiatric
population than in the control group and compliance to treatment was
comparable [32]. No increase in underlying psychiatric disease was
noted.

In summary, antiviral treatment in psychiatric patients, including
psychotic patients may be proposed but should include
multidisciplinary management, with a psychiatric evaluation before
treatment and close follow-up as well as possible preventive
antidepressant therapy.

TREATMENT OF CHRONIC HEPATITIS C IN PATIENTS
WITH EXCESSIVE ALCOHOL CONSUMPTION

Chronic alcohol consumption increases HCV viremia [4, 33, 34]. No
data are available about compliance to antiviral therapy in heavy
drinkers, but it may be decreased as was found in the HIV-infected
patients studied in highly active anti-retroviral therapy (HAART) [35].
Little is known about the effects of alcohol on the safety of anti-HCV
treatment, but one study has suggested that interferon may trigger
alcoholic hepatitis [36]. The efficacy of interferon therapy is decreased
in heavy drinkers [37-39]. Patients should therefore be asked to reduce
or stop alcohol during the 3 to 6 months preceding anti-HCV
combination treatment of pegylated interferon and ribavirin to
improve treatment efficacy and safety.
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TREATMENT OF CHRONIC HEPATITIS C IN PATIENTS
WITH RENAL DISEASES

HCYV infection is frequent in patients with end-stage renal failure who
receive chronic hemodialysis with a prevalence varying from 10 to
65% according to the geographical area [40]. The prevalence is
significantly associated with the duration of dialysis and the number of
transfused blood products [41]. It has dramatically declined with
hemovigilance [42, 43] even if, despite the high efficiency of blood
screening and erythropoietin therapy, there is a continued yearly
incidence of HCV contamination of 1.4% [43] suggesting nosocomial
transmission. HCV contamination may result in cirrhosis in 10% of
dialysis patients. Immunosuppressive regimens for the prevention of
allograft rejection results in: (1.) increased HCV viral replication [44];
(2.) frequent histopathological deterioration with a 25% prevalence of
biopsy-proven extensive fibrosis or cirrhosis within a mean 5 years
after transplantation) [45]; (3.) rare fibrosing cholestatic hepatitis [46].
Liver disease results in a significant decrease in survival [47].

In dialysis patients, liver biopsy (or biochemical markers) should
be performed to assess the histopathological impact: most patients will
have mild liver disease which does not require antiviral treatment
compared to those with significant liver disease (fibrosis score >2). In
dialysis patients, ribavirin is contraindicated for pharmacokinetic
reasons (accumulation of ribavirin metabolites in erythrocytes); a
ribavirin/interferon-alpha combination should not be used due to the
risk of deep and long-lasting hemolytic anemia in dialysis patients
with a poor secretion of erythropoietin [48].

Thus, standard interferon-alpha therapy appears to be the only
alternative in dialysis patients: it is feasible with a standard schedule,
3MU subcutaneously three times a week after hemodialysis. In
dialysis patients, the biochemical and virological efficacy
(summarized in Table 1) is, at least as good as in the general
population with a 20 to 90% rate of viral eradication depending on the
dose and duration of treatment [49-55] and on virological factors.
Moreover, histological improvement is common, even without
virological efficacy [50]. Tolerance is poorer than in non-
hemodialyzed patients since treatment discontinuation is necessary in
20 to 40% of cases with a high incidence of cardiovascular side-
effects, anemia, erythropoietin resistance and general symptoms
(weight loss) [55]. It should be noted that persistent detectable viremia
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2 months after the beginning of treatment suggests that there will be
no lasting viral eradication [55]. Nevertheless, treatment could be
continued if the therapeutic aim is improvement of the disease in
hemodialysed patients with severe liver disease (palliative treatment to
reduce fibrosis in the absence of virological efficacy (Figure 1).

Authors N Mos ALTN PCR Relapse SVR**
(%) (%) (%) (%)

Koenig et al. 23 5 50 65 33 43

[49] 14*

Pol et al. 19 6 85 53 62 20

[50] 1*

Casanovas etal. 10 12 90 10 0 20

[54]

Izopet et al. 23 6 85 92 54 42

[51] 3* 12 90 0 90

Degos et al. 37 12 70 66 NT 19***

[55] 21%

Table 1: Treatment of chronic hepatitis C by interferon-alpha in hemodialysis
patients.

* number of treatment discontinuation or reduction.

**SVR=sustained virological response (negative PCR at least 6 months after
discontinuation).

**% 38% of patients who received a 12-month course (n=12).
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Renal function Treatment Liver biopsy
’L Tl Pegylated interferon-alpha
Snalishury (+ RIBA if creat <200umol)
A2-A3
Interferon-alpha
) e F3-F4
emoc ysi . . [
3MU after dialysis 12 months
(if PCR- at M2)
Combined liver and renal Tx. (F4) A0-A2
T FO-F2
Ribavirin? liver biopsy
Liver Tx. (F4) or 13 years
Combined liver and renal Tx. (F4)

Figure 1: Therapeutic options in HCV-infected patients with renal disorders.
Antiviral therapies should be proposed to patients with active and/or fibrotic liver
lesions while patients with low fibrotic activity will not be treated and will receive
regular liver biopsies (every 3 years) for early detection of histopathological
deterioration. Patients with cirrhosis may benefit from liver transplantation or
combined renal and liver transplantation depending on renal function.

The greater efficacy and poorer tolerance could be due to the
significantly greater pharmacokinetic area under the curve of
interferon-alpha showing an increased half life (10 hours vs. 6 hours)
and to the upper concentration because of the decrease in renal
clearance in dialysis patients [56]. Because of the specific
pharmacokinetics of interferon in dialysis patients the use of pegylated
interferon is unclear and is under evaluation [57].

In acute hepatitis C, which may occur in dialysis patients at a
yearly incidence of 2.6% [58], interferon may be less effective than in
the general population [59]: viral clearance is obtained in 26% and
51% of hemodialyzed patients treated by 3MU and 6-10MU for 3
months (compared to spontaneous clearance in 5.6%) [60].
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In essential mixed cryoglobulinemia associated with HCV
infection, interferon-alpha may improve urinary protein excretion,
renal failure and hematuria but recurrence of the nephrotic syndrome
is common after treatment discontinuation [61, 62]. The real benefit of
higher doses or durations of interferon-alpha or of a combination with
ribavirin (in the absence of renal failure) is anecdotal considering the
high rate of relapse after treatment discontinuation and should be
confirmed in large series.

Finally, interferon-alpha is not recommended in kidney allograft
recipients since it is not effective and associated with an unacceptably
high rate of allograft rejection (15 and 29%) [63, 64]. Interferon-
alpha-related nephrotoxicity has also been reported in the absence of
graft rejection with glomerular nephropathy or acute interstitial
nephritis. Among the 42 reported kidney recipients who were treated
with interferon-alpha therapy for HCV infection, 47.6% had acute
renal failure after a mean 3.6 months of therapy (range 11 days to 9
months) and 65.0% resumed dialysis; in contrast, only 5.9% had a
long-term virological response. This is also why the treatment of HCV
in kidney recipients must be discussed before the renal transplantation
even if anecdotal encouraging results of combination therapy have
been reported in kidney recipients.
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INTRODUCTION

Liver disease caused by the hepatitis C virus (HCV) is the main
indication for liver transplantation (OLT) in Europe and the United
States. Recurrence of hepatitis C on the graft is a major issue and may
lead to graft loss. In the absence of effective prophylaxis, recurrent
HCV infection is almost constant. Recurrence of HCV leads to
chronic active hepatitis in most patients and may lead to cirrhosis or
cholestatic hepatitis in some with a risk of graft failure at medium or
long-term. Thus effective treatment for recurrent HCV is mandatory.
In this review, current knowledge on the treatment of HCV graft
infection after liver transplantation is discussed.

LIVER TRANSPLANTATION FOR HCV-RELATED
CIRRHOSIS

The effect of HCV infection on patients and graft survival after liver
transplantation is controversial. However, recent data have confirmed
that HCV infection impairs patient and allograft survival [1]. HCV
recurrence is almost universal and 60-80% of patients will develop
lesions of chronic hepatitis on the graft [1-4]. Cholestatic hepatitis can
occasionally (2-8%) result in progressive liver dysfunction. Overall,
the course of HCV graft disease is accelerated in liver transplant
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recipients compared to that observed in immune competent patients,
with a S-year rate of cirrhosis of around 10-20% [1, 3-5] reaching 28-
40% [6]. When cirrhosis occurs on the graft, there is a high risk of
decompensation in the following years and a 60% risk of death within
the year after the first episode of decompensation [7]. At least 10% of
patients transplanted for HCV cirrhosis will require retransplantation
for hepatitis C graft failure. The factors which influence disease
severity and the consequent progression of graft injury or survival
remain unclear. Factors clearly associated with the severity of
recurrent hepatitis C are: high pre-transplant and early post-transplant
serum HCV RNA levels [8, 9], severe early histological recurrence
[10], rejection episodes and treatment with more potent
immunosuppression (methylprednisone  boluses, anti-CD3
monoclonal antibody (OKT3), use of mycofenolate mofetil
(MMF) [6, 11-13] and the increasing age of donors [14, 15]. Some of
these factors are negative predictors for a virological response to
interferon. In the long-term, HCV RNA levels are related to the level
of immunosuppression and correlate with the severity of liver injury
[16]. Strategies to reduce the impact of immunosuppression on
recurrent HCV infection include an overall reduction in
immunosuppression, discontinuation of individual agents and the use
of immunosuppressive agents with possible antiviral effects. Current
data have failed to show differences in the incidence or severity of
HCV recurrence using tacrolimus or cyclosporine [3, 8]. Many studies
have shown a strong correlation between multiple rejection episodes,
exposure to pulse solumedrol, greater daily exposure to steroids or
OKTS3 and the incidence and severity of HCV recurrence [6, 12, 13,
17]. Despite general acceptance of early steroid withdrawal in patients
with chronic hepatitis C, data are limited on the effectiveness of this
approach and more recent data suggest that this strategy may have a
harmful effect. The post transplantation use of MMF has not been
associated with consistent beneficial or deleterious effects [18]. The
effects of induction immunosuppression with anti-IL2 receptor
antibodies in HCV-infected transplant recipients have not been clearly
determined [18].

It therefore appears to be legitimate to offer antiviral therapy to
patients with recurrent chronic hepatitis C to stop hepatitis disease
progression on the graft. However, certain points should be kept in
mind before starting antiviral treatment: (1) 20-30% of patients have a
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benign or mild long-term course of HCV hepatitis on the graft and
may not require treatment. (2) Optimal treatment is a combination of
interferon and ribavirin, which is not well tolerated in transplant
patients and which may cause serious side-effects (i.e., hemolytic
anemia, risk of rejection). Antiviral therapy could be used: (1) before
transplantation to suppress viral replication and reduce the risk of
recurrence, (2) early post-transplantation to prevent hepatitis disease
progression (3) at time of HCV recurrence.

PRE- AND POST-TRANSPLANTATION TREATMENT OF
HCV INFECTION

Pre-transplantation antiviral therapy

Interferon alone or in combination with ribavirin has been shown to
reduce viral levels in patients with cirrhosis but its use is very difficult
in this setting due to the risk of severe decompensation of cirrhosis
and the development of cytopenia or uncontrolled sepsis [19]. Forns et
al. evaluated the efficacy and safety of antiviral therapy in 30 patients
with HCV cirrhosis awaiting OLT (Child A n=15, Child B/C n=15,
genotype 1b n=25) [20]. Treatment with interferon-alpha-2b 3MU/day
and ribavirin 800mg/day was initiated when the expected time for
OLT was less than 4 months (median duration of treatment 12 weeks).
Virological response was observed in 9 patients (30%). After OLT 6
of them (20%) remain free of reinfection after a median follow-up of
46 weeks and HCV infection recurred in 3. A viral load decrease >2
logs at week 4 of treatment was the strongest predictor of virologic
response. Side-effects were frequent and dose reduction was necessary
in 63% of patients. Everson et al. reported on 102 HCV-cirrhotic
patients treated with interferon and ribavirin for one year with a low
accelerating dose regimen [21]. The end-of-treatment virological
response was 40% and the sustained virological response 20%. None
of the 10 sustained responders who underwent OLT had recurrent
HCV infection. There are no data on the safety and efficacy of
pegylated interferon with or without ribavirin in patients with
decompensated HCV cirrhosis. In conclusion, antiviral therapy in
patients awaiting OLT should be considered as a strategy to prevent
HCV  recurrence in patients without severe hepatocellular
insufficiency.
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Preventive therapy in the early post-transplantation period

HCV RNA is present in the serum of more than 95% of those who are
HCV RNA-positive before transplantation, which is the vast majority
of patients. HCV RNA is detected in serum as early as the first post-
transplant hours [22]. However, HCV RNA is at the lowest level in
serum during the first post-transplant week, which is the rationale for
starting treatment early [23]. Treatment is generally considered
prophylactic if it is started during the 3 first post-transplant weeks.
Indeed acute hepatitis on the graft may occur around 3 weeks, with a
median at 4 months [4]. Few studies have been performed on
prophylactic antiviral treatment. In one study, 86 patients were
randomized within 2 weeks after transplantation to receive either
interferon alone (n=38) or placebo (n=48) for one year [24]. Patient
and graft survival at 2 years and HCV viremia were not affected by
treatment, but histological disease recurrence was less frequent in
interferon treated patients than in those who were not treated (26% vs.
53%, P=0.01). Interferon and 1-month HCV RNA levels were
independent predictors of recurrence. Interferon was stopped in 30%
of patients because of adverse effects (acute rejection n=I,
thrombopenia n=4, other n=3). In a second trial, 24 patients were
randomized 2 weeks after transplantation to receive interferon (n=12)
or placebo (n=12) for 6 months [25]. No difference in graft or patient
survival, incidence or severity of histological recurrence or 6 months
HCV RNA levels were observed. However, interferon significantly
delayed the occurrence of HCV hepatitis in treated patients (408 vs.
193 days, P=0.05). Although the use of interferon was not associated
with rejection, adverse effects that were probably due to interferon
were observed in 50% of the patients (leucopoenia 17%, headache
and/or fatigue 33%). In a non-randomized pilot study, 36 patients were
treated with interferon-alpha-2b and ribavirin started during the 3
post-transplant weeks [26] and were followed up for a median of 4.5
years. HCV RNA clearance was obtained in 12 patients (33%) at the
end of treatment. All these patients remained HCV RNA-negative 6
months after the completion of therapy. Six of the 12 patients who
became HCV RNA-negative were infected with genotype 1b (20%
response rate), whereas 6 had genotype 2 (100% response rate). Of the
remaining 24 patients, only 7 developed recurrent hepatitis with
significant fibrosis in 4. Dose reduction because of drug toxicity was
needed in 25% of patients but no patients were withdrawn from the
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treatment regimen. A subsequent pilot study of combination interferon
and ribavirin therapy failed to obtain these excellent results because of
high dropout rates (48% related to severe ribavirin-induced hemolysis
and interferon-induced neutropenia). Sustained virologic response was
achieved in only 16% of patients [27]. Multicenter studies are
currently underway and should provide further data on the safety and
efficacy of pegylated interferon with or without ribavirin as
prophylaxis against recurrent hepatitis C after liver transplantation. In
conclusion from the published studies combination therapy is probably
more effective on viral load than monotherapy with interferon. The
occurrence of hepatitis may be delayed using antiviral therapy. The
main drawbacks are the high risk of poor hematological tolerance, the
risk of rejection and sepsis. With existing drugs, results in intent to
treat are disappointing. Indeed most patients have contraindications to
treatment during the first post-transplant weeks.

Treatment of established infection

The treatment of patients with HCV graft reinfection is necessary
when the disease is severe to avoid progression of the hepatitis. As in
the non-transplant setting, the decision to treat should take into
account all parameters: Age, general status, genotype, severity of
hepatitis, risk of graft loss, and expected tolerance to treatment. There
are some patients that absolutely must be treated: those with fibrosing
cholestatic hepatitis due to the poor short-term prognosis and those
with rapidly evolving fibrosis on successive biopsies. For the latter
reason, we suggest routine yearly biopsies to determine the rate of
HCV-related progression of fibrosis.

Interferon or ribavirin monotherapy (Table 1)

Interferon is an immunostimulating agent enhancing the expression of
HLA class I and II molecules on hepatocytes and has been reported to
facilitate the occurrence of rejection in transplant recipients [28-30]. In
our experience, a histological disappearance of interlobular bile duct
suggestive of chronic rejection was observed in 5 patients. Three of
them were retransplanted [28]. Interferon at doses of 3MU thrice
weekly for 6 months had a sustained virologic effect in 0 to 7% of
patients and had a minor effect on liver histology [28, 31-33]. Using
ribavirin, a biochemical improvement was observed in 44 to 93% of
patients but virological clearance in none [32, 34, 35]. The main side-
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effect was hemolysis and dosage had to be adapted to renal function
since the incidence of hemolysis was significantly associated with
higher serum creatinine and decreased creatinine clearance [36].
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Combination therapy (Table 2)

Combination therapy is more effective than monotherapy with
interferon or ribavirin. In a non-randomized pilot study, 21 patients
with early recurrent hepatitis (median time from transplantation: 9
months, 3-24) received a combination of interferon and ribavirin for 6
months and then ribavirin alone for an additional 6 months [37]. After
6 months of combination therapy, all patients had normal ALTs and
histological improvement. Ten patients (48%) cleared HCV RNA
from serum. During maintenance ribavirin monotherapy, ALTs
remained normal in all but one patient and HCV RNA reappeared in 5.
The main side-effect was anemia, which required cessation of
ribavirin therapy in 3 patients. No patient experienced graft rejection.
Off-treatment response rates were not reported in this study. In a
randomized controlled trial we compared 12 months of combination
therapy vs. no treatment in 52 patients with HCV reinfection [38].
Intent to treat analysis for loss of serum HCV RNA showed a
sustained virologic response of 21% in the treated group, vs. no
patient in the control group (P=0.019). Twelve treated patients (43%)
were withdrawn from the study for anemia in 7, chronic rejection in 1,
insomnia in 1, depression in 1 and irritability in 2 patients. Lavezzo et
al. reported 57 patients treated with interferon and ribavirin for 6 or 12
months [39]. Six additional months of ribavirin monotherapy was
given to virologic responders who had tolerated the drug well during
combination therapy (n=7). End of treatment and 12 months post-
therapy, the sustained virological response was 33 and 22%
respectively for 6 months of therapy and 23 and 17% for 12 months of
therapy (P=0.4). Genotype non-1 compared to genotype 1 was a
significant predictor of sustained virologic response (43% vs. 12%
P=0.02) and HCV RNA level below 2meq/mL correlated with a
higher rate of end of treatment virologic response. The principal side-
effects were anemia and leucopoenia, which required a dose reduction
in 51% of patients. Several recent studies of combination therapy have
shown that the sustained virological response rate was between 8 to
33% (Table 2) [40-47]. Bizollon et al. described the virological and
histological course of 14 liver transplant patients with a sustained
virological response to antiviral therapy (combination therapy for 6
months and maintenance ribavirin monotherapy for 12 months) [48].
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A complete response was obtained in 93% for 3 years after cessation
of therapy and was associated with an absence of detectable
intrahepatic HCV RNA and marked histological improvement
(marked reduction of necroinflammatory activity, stabilization of the
stage of liver fibrosis).

The optimal duration of therapy is uncertain. In contrast to an
immunocompetent population, the increase in efficacy seems limited
in patients treated for 12 months vs. 6 months [37-39]. The efficacy
and duration of additional ribavirin monotherapy in patients with a
sustained response to the combination of interferon and ribavirin
needs to be determined [49]. As in the non-transplant setting, patients
with HCV genotype non-1 responded better than patients with
genotype 1 [39]. Other factors such as interval between transplantation
to the start of therapy and the type and amount of immunosuppression
could influence treatment efficacy.

All these studies showed a high incidence of side-effects
compared to that observed in non-transplant patients. Between 20%
and 50% of patients could not complete treatment because of side-
effects. The most important side-effect of ribavirin is hemolysis,
which required dose reductions or cessation of therapy. The use of
erythropoietin may be effective in the treatment of anemia during
combination therapy. Common side-effects of interferon such as
neutropenia, thrombocytopenia or depression are also present. In
addition the risk of rejection in patients receiving interferon plus
ribavirin seems lower than in patients receiving interferon alone. This
may be because ribavirin has an immunosuppressive effect.

There is little information about the potential benefit of pegylated
interferon versus interferon. Pegylated interferon is more effective in
immunocompetent patients, however its long half-life and its main
renal clearance may be a risk in transplant patients. In a randomized-
trial 32 liver transplant recipients were treated with pegylated
interferon-alpha-2a monotherapy 180ug/week for 48 weeks vs. no
treatment [50]. At the end of treatment, 35% of patients had
undetectable HCV RNA. Post-treatment data are awaited. Preliminary
results of treatment with pegylated interferon and ribavirin showed
virological response during treatment in 33% of naive patients and in
18% of non-responders to interferon-alpha-2b and ribavirin patients
[51, 52]. We report a sustained virologic response rate of 26% using
pegylated interferon-alpha-2b and ribavirin [53]. Recently the group in
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Lyon treated 20 patients with increasing doses of pegylated interferon
(from 0.5m/kg/week to Img/kg by week) plus increasing doses of
ribavirin (from 400mg/day to 1000mg/day). 4 patients (20%) were
withdrawn from the study and 13 patients required dose reduction of
ribavirin because of anemia. The sustained virological response rate
was 9/20 (80% of patients were infected with genotype 1).
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Retransplantation

Recurrence of HCV infection may lead to graft failure and an
indication for retransplantation in a minority of cases (5-10% of
patients). Early reports suggested that the outcome was worse
following retransplantation for HCV reinfection than in patients
undergoing retransplantation for other indications [54]. However, the
natural history of recurrent HCV disease in the second graft seems to
be unrelated to that observed in the first graft. Recent studies reported
an improved outcome when retransplantation was performed before
the development of infectious and renal complications [55, 56]. Due to
increased organ shortage and uncertainty regarding the natural history
of HCV recurrence, retransplantation is still the subject of debate and
requires further studies.

CONCLUSION

Most patients with HCV infection will develop recurrence after
transplantation. Although recurrence of HCV on the liver graft does
not significantly reduce the medium-term survival of the patient and
the graft, HCV infection impairs long-term patient and graft survival.
Treatment of recurrent HCV disease with interferon or ribavirin as
single agents has been disappointing, but results with combination
therapy are encouraging with sustained virologic response in about
25% of patients. Preventive therapy in the early post-transplant period
is limited by the high rate of side-effects. Treatment of established
infection on the graft is a matter of controversy and several questions
should be raised. What is the best treatment? Combination therapy
with interferon and ribavirin, or combination pegylated interferon +
ribavirin? The duration of therapy and doses are not yet known. The
need for ribavirin monotherapy following interferon discontinuation is
unclear. Which patients should be treated and what is the optimal
timing for initiation of treatment? Further studies are required to
resolve these questions. Future research should also focus on
improving the tolerance of treatment; this can be achieved with the
administration of erythropoietin during ribavirin treatment.
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Hepatocellular Carcinoma
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The incidence of hepatocellular carcinoma (HCC) has increased
worldwide and is now the 5th most frequent cancer representing
approximately 5% of all cancers worldwide. More than 500,000 new
cases are diagnosed per year and it is the third cause of cancer-related
death and the first cause of death in patients with cirrhosis [1]. The
incidence of HCC has major geographical differences, but most
patients diagnosed with HCC have underlying cirrhosis. The highest
risk is observed in cirrhosis from chronic infection by the hepatitis B
virus (HBV) or hepatitis C virus (HCV) [2]. In patients with HCV
infection the risk increases with the confirmation of cirrhosis, when
the yearly incidence varies between 3-5% and the 5-year cumulative
incidence ranges from 15-20% [2]. Since vaccination against HCV is
not available, prevention of HCV infection is based on preventing
transmission by blood products. Progression from chronic HCV
infection to advanced fibrosis or cirrhosis may be prevented in 40% of
patients who are sustained responders to new antiviral strategies, such
as pegylated interferon and ribavirin [3]. Thus, the prevention of
cirrhosis can prevent the development of HCC. On the other hand, in
patients with confirmed cirrhosis, the preventive effect of these agents
has not been proven [4].
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DIAGNOSIS

When cirrhosis has been confirmed, surveillance is the only available
strategy to limit tumor-related mortality. If early stage HCC are
detected, treatment and cure are possible [2]. Nevertheless, despite
surveillance programs, only 30% of HCC are diagnosed at an early
stage [1].

A panel of experts organized by the European Association for the
Study of the Liver (EASL) proposed surveillance based on abdominal
ultrasound (US) and serum alpha-fetoprotein (AFP) every 6 months.
Only patients with cirrhosis that could be treated and potentially cured
for HCC should undergo surveillance [2]. This includes Child-Pugh A
and B patients. Child-Pugh C patients should be evaluated for liver
transplantation. If this is not possible, surveillance is a cost-effective
choice for early detection and treatment will not improve survival. The
following strategy was recommended to diagnose nodules detected by
US during surveillance (Figure 1) [2]. If the nodule is <lcm, close
follow-up is recommended since less than 50% of the cases are
malignant and a reliable diagnosis is not possible with current
diagnostic techniques. In 1-2cm nodules, diagnosis of HCC is based
on positive cytology or histology. However, false negative biopsies
may occur in 30-40% of cases. Thus, a negative biopsy does not
clearly exclude malignancy. If the nodule is >2cm and the underlying
liver is cirrhotic, diagnosis of HCC can be determined by non-invasive
criteria proposed by the EASL experts: two coincident imaging
techniques showing a focal lesion >2cm with characteristic arterial
hypervascularization, or one imaging technique with a specific pattern
associated with AFP >400ng/mL [2]. After detection and diagnosis of
HCC the extent of the tumor must be properly staged based on state of
the art computed tomography (CT) or magnetic resonance imaging
(MRI) [5]. Angiography is not helpful for diagnosis and staging and
lipiodol CT is not reliable [2]. Prognosis of HCC depends on the stage
of the neoplasm at diagnosis, liver function impairment and the
treatment received.
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Figure 1: Surveillance and recall strategy for HCC

(reproduced from Bruix et al, J Hepatol 2001 [2], with permission).
FNAB: Fine needle aspiration biopsy.

* Available for curative treatments if diagnosed with HCC.

** AFP levels to be defined.

**% Pathological confirmation or non-invasive criteria.

PROGNOSIS

HCC is generally considered to be a neoplasm with a poor prognosis.
However, at present diagnosis occurs earlier; thus certain patients are
now successfully treated resulting in an encouraging disease-free
survival at 5 years. Nevertheless, prediction of prognosis is still
debatable. Several scoring systems exist that divide patients according
to expected survival [5]. Almost all of them take into account tumor
stage and liver function parameters, but unfortunately predictive
accuracy is limited and there is no link between estimated prognosis
and treatment indication. Thus, we have developed the Barcelona-
Clinic Liver Cancer group (BCLC) staging system which links
staging, treatment indication and predicted outcome [5]. With this
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system, patients are stratified into four categories (early, intermediate,
advanced and end-stage) and the best possible treatment and outcome
within each category are established according to specific parameters.

EARLY HCC

The definition of early HCC has varied over time as size limit has
steadily decreased; Patients with single tumors <5cm or with up to 3
nodules <3cm each are usually included. However, pathological and
clinical data show that some of these tumors are not early at all, while
some are very early HCC or carcinoma in situ (CIS). CIS is a small,
very well differentiated HCC with an ill-defined nodular appearance
with no invasion of malignant cells in any structure. Cancer invasion
and spread (microvascular invasion and satellites) may occur even in
tumors <2cm but others are CIS [6]. Both entities may be detected by
US, but CIS may be identified if there is no arterial supply as it is a
minute, non-arterial enhanced nodule.

The natural history of untreated early HCC is not known because
these patients are usually treated. The few available studies report a
65% 3-year survival in Child-Pugh A patients with single tumors [7].
Since survival may exceed 50% at 5 years with proper treatment,
effective treatment of early stage HCC is thought to improve patient
survival [5]. Effective long-term treatments include surgical resection,
liver transplantation and percutaneous ablation.

Surgical Resection

This is the first treatment option in non-cirrhotic patients. However,
few cirrhotic patients may receive this treatment [8] because it is
limited to those patients with a single HCC <5cm and well preserved
liver function to prevent morbidity and mortality after resection [5].
Japanese researchers use the indocyanine-green retention rate to
identify the best candidates [9], whereas portal pressure and bilirubin
are used in Europe. Clinically relevant portal hypertension is defined
as the presence of a hepatic vein pressure gradient >10mmHg,
esophageal varices and/or splenomegaly with a platelet count
<100x10%/L. Patients without portal hypertension and with normal
bilirubin have a 70% 5-year survival rate, while those with an adverse
profile have 50% or less, even if they are Child-Pugh stage A [5].
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The main drawback of surgical resection is tumor recurrence,
which may exceed 70% at 5 years [10]. This is the main argument in
support of resection instead of transplantation as the first treatment
option. Tumor recurrence includes true recurrence secondary to tumor
dissemination and de novo tumors. Microvascular invasion and the
presence of additional nodules or satellites are the best predictors of
recurrence due to tumor dissemination [11]. Because of this high
recurrence rate these patients are the best patients for evaluation of
preventive agents. These include agents that prevent true recurrence
such as intraarterial lipiodol-I"*" or adoptive immunotherapy or those
that prevent metachronic tumors such as retinoids or interferons.
Nevertheless, despite promising results in randomized studies, all of
these substances require further validation before being accepted as
standard preventive agents after resection [10].

Liver transplantation

Liver transplantation (LT) is supposed to simultaneously cure the
tumor and the underlying cirrhosis if it is limited to carefully selected
patients and restrictive criteria. Most groups limit transplantation to
patients with single HCC <5c¢m or with up to 3 tumors <3cm each.
This policy results in a 70% 5-year survival rate with <15% of
recurrence during follow-up [5]. Nevertheless, the main concern is the
shortage of donors leading to a long waiting time, tumor progression
and drop-out from LT. This problem concerns 15% to 50% of enlisted
patients depending on the waiting time and has a severe impact on
patient survival if outcome is analyzed according to intention to treat
[5].

Thus, most programs have established priority policies to
decrease the drop-out rate. The United Network of Organ Sharing
(UNOS) bases organ allocation on the model for end-stage liver
disease (MELD). This model does not give any points to HCC patients
who are thus granted a fixed score: patients in stage | (single <2cm)
received 24 points and patients in stage II (single 2-5cm or 3 <3cm) 29
points. However, this policy unfairly increased the proportion of HCC
patients that were transplanted and points were thereafter reduced to
20 and 24 respectively [12].

Living donor liver transplantation (LDLT) using the right hepatic
lobe is the most feasible alternative to cadaveric LT and may help
overcome the shortage of donors [13]. Analysis of cost-effectiveness
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based on the exclusion rate (4% monthly), the morbidity/mortality of
donors (0.3-0.5% mortality) and costs has shown that live donation for
early HCC in patients enlisted for cadaveric LT is adequate for
waiting times of more than 7 months [14].

The availability of LDLT has allowed patients with more
advanced HCC to undergo transplantation. The definition of
acceptance criteria is a major controversy with critical ethical
considerations. In the Barcelona Liver Unit, we have proposed a
moderate expansion of criteria to achieve a 50% survival at 5 years: 1)
Single HCC <7cm; 2) Multinodular HCC with 3 nodules <5cm or
5 nodules <3cm each; 3) Downstaging to cadaveric criteria by
locoregional treatment lasting >6 months [5]. Long-term follow-up
will determine whether this strategy is adequate.

Adjuvant  therapies  (resection, percutancous  ablation,
chemoembolization) have also been proposed to reduce tumor
progression while waiting for a donor. Since there are no randomized
controlled trials (RCTs) in the field, there is no proof of the benefit of
these therapies. Cohort studies and cost-effectiveness analysis suggest
that there is improved survival if the waiting time exceeds 6 months
both for resection and percutaneous treatments [5].

Reinfection of the graft with HCV is a major and unsolved
problem in HCV carriers treated by transplantation. It affects almost
all patients and leads to cirrhosis in half of them. Antiviral treatments
while waiting, during, or after transplantation is only effective in a few
patients.

Percutaneous ablation

Percutaneous ablation can be considered for patients with early stage
HCC who are not suitable for surgical therapies. HCC foci can be
necrosed by the injection of chemical substances (alcohol, acetic acid
or hot saline) or by modifying the temperature [radiofrequency (RF),
microwave, laser and cryoablation]. Percutaneous Ethanol Injection
(PEI) is the gold standard treatment. It is inexpensive, easy to perform
and has few adverse events. Complete tumor necrosis (complete
response (CR) in oncologic terms) is achieved in 90-100% of HCC
<2cm, while the efficacy is reduced as tumor size increases [5]. The
best outcome is achieved in Child-Pugh A patients, with a 5-year
survival rate of approximately 50% [15]. RF ablation is the most
extensively used alternative to PEL. It can be applied percutaneously,
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laparoscopically or during laparotomy, and is claimed to result in the
same objective responses as PEI, but in significantly fewer sessions
[16]. In addition, RF may ablate a 1cm safety margin in surrounding
parenchyma and also ecliminate satellites. However, there is no
evidence that this results in better survival [16]. The side-effects of RF
are more severe than those of PEIL. For example while tumor seeding is
infrequent after PEI, treatment of subcapsular HCC by RF may induce
peritoneal dissemination [17] and thus, RF should be avoided in these
tumors.

INTERMEDIATE-ADVANCED HCC

Most HCC patients are diagnosed with advanced stage HCC, thus
preventing radical treatments. The natural outcome of these patients if
left untreated is better known now than two decades ago when patients
did not survive any more than 1 year after diagnosis. Nevertheless,
modern reported figures of untreated patients in 25 RCTs are
extremely heterogeneous with 1- and 2-year survival rates ranging
from 10-72% and 8-50%, respectively [18]. This heterogeneity
suggests that these patients need to be stratified into separate
categories. This was done by our group by joining two control groups
of two RCTs in a cohort of 102 patients. Their 1, 2, and 3 year
survival was 54%, 40% and 28% and the independent prognostic
factors were the presence of cancer-related symptoms (Performance
status 1-2) and of an invasive pattern defined as vascular invasion or
extrahepatic spread. When patients were divided according to the
absence (intermediate stage) or presence (advanced stage) of these
prognostic factors the survival at 1, 2 and 3 years was 80%, 65% and
50% vs. 29%, 16% and 8% respectively [19]. This finding is highly
relevant when assessing new therapeutic options. Patients are
frequently recruited because they cannot receive surgical treatment,
but clearly, non-surgical patients represent a very broad spectrum of
the disease.

Palliative treatment

These treatments are for patients who cannot undergo radical
therapies. Although there is a large list of options that have been tested
in patients with HCC, unfortunately the scientific evidence about their
use in conventional clinical practice is limited. Since no treatment is
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accepted as the standard of care in patients with advanced HCC, the
only way to demonstrate an advantage in survival is to perform an
RCT comparing active intervention vs. best supportive care. The
review of RCTs published in the last 25 years showed 63 trials
assessing primary treatments for HCC but only 26 including a control
group with conservative treatment [18]. The most extensively
evaluated interventions were arterial embolization, with or without
chemotherapy, and estrogen blockade. A meta-analytical assessment
was possible for both of these techniques, since there are enough trials
and patients to obtain robust conclusions. This analysis showed
improved survival with transarterial chemoembolization (TACE) in
well selected candidates. Accordingly, TACE is now the standard
treatment in patients with intermediate stage HCC [18]. In contrast, no
improvement in survival was found for tamoxifen [18].

The lack of improved survival with available therapies in patients
who are not candidates for TACE, suggests that any new agent
proposed for HCC patients should be compared to the best
conservative support or placebo. Comparisons with a control arm of a
proven inactive treatment such as systemic chemotherapy should not
be accepted for scientific and ethical reasons [5].

1. Transarterial embolization

This is the most extensively used treatment for unresectable HCC.
Acute obstruction of hepatic artery blood flow nourishing the HCC
induces different degrees of tumor necrosis. Gelatin, coils, alcohol,
spheres and blood clots have been used to block blood flow and the
most common is to inject chemotherapy (doxorubicin, mitomycin and
cisplatin are the most usual agents) mixed with lipiodol before arterial
obstruction. This treatment induces partial response in 15-55% of
patients and delays tumor progression and vascular invasion [18].
Seven RCTs have compared arterial embolization with no treatment
[18]. TACE with doxorubicin or cisplatin was assessed in five of
them. Only two of them showed significant improvement in survival
and in one of them, treatment response was shown to be an
independent predictor of survival. Cumulative meta-analysis showed
that TACE improved survival compared to no treatment. The data for
embolization without chemotherapy were not conclusive due to the
few studies and recruited patients. It is important to note that selection
of candidates for TACE is critical to avoid side-effects leading to liver
failure and death. The optimal candidates have preserved liver
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function and asymptomatic multinodular tumors without vascular
invasion. Ongoing investigations should define the best
chemotherapeutic agents or combinations, as well as the optimal
treatment schedule. It is well known, for example, that after extensive
necrosis, the tumor is revascularized thus indicating need for new
treatment sessions. It has not been clearly established whether
treatment should be administered at regular intervals or on a case by
case basis and the timing for evaluation of response to treatment and
follow-up monitoring requires further studies.

2. Estrogen blockade

Because some HCC present wild or mutant estrogen receptors,
antiestrogenic therapy has been tested in patients with advanced
disease. Initial studies were encouraging, but large double-blind trials
and cumulative meta-analysis of the seven RCTs comparing tamoxifen
vs. no treatment failed to show that tamoxifen affected patient
outcome [18]. A recent RCT with higher dosage of tamoxifen has also
failed to identify any benefit [20], thus confirming that tamoxifen is
not active in HCC patients.

Several other treatments such as systemic chemotherapy, internal
radiation with lipiodol-I"*!, proton beam radiotherapy, immunotherapy
or octreotide have either been shown to be ineffective or if they have a
marginal activity, were only assessed in small sample size studies.
Thus, they should not be proposed or should be properly tested to
reach enough statistical power to provide solid conclusions [5].

BCLC TREATMENT STRATEGY

Very early stage (Stage 0) or early stage (stage A) HCC patients are
candidates for radical treatment. Resection is the first option in
patients with single tumors, without clinically relevant portal
hypertension and with normal bilirubin. LT is considered in patients
with 3 lesions <3cm each or with single tumors <5cm with liver
function impairment. If the waiting time is more than 6 months,
adjuvant treatments are recommended and LDLT can be considered.
Percutaneous ablation is proposed in small non-surgical HCC.
Asymptomatic patients with large/multinodular tumors without
vascular invasion or extrahepatic spread (Stage B) are candidates for
TACE if they have underlying compensated cirrhosis. Patients with
advanced tumors (symptomatic and/or invasive pattern) or with
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decompensated liver disease (Stage C) can be considered for entry into
trials assessing new antitumoral agents. Finally, patients with terminal
stage cancer (Stage D) with impaired physical status (Performance
status >2) or tumor burden (Okuda stage III) should only receive
symptomatic treatment (Figure 2) [5].

l HCC
Stage 0 Stage A-C Stage D

PST 0, Child-Pugh A Okuda 1-2, PST 0-2, Child-Pugh A-B Okuda 3, PST >2, Child Pugh C
|

| I 1 | |

Very early stage (0) Early stage (A) Intermediate stage (B) Advanced stage (C) Terminal

Single <2cm.  Single or 3 nodules Multinodular, PS 0 Portal invasion, N1,M1, stage (D)
Carcinoma in situ ! <3cm, PS 0 PS 1-2
1
¥
Single 3 nodules <3cm
¥
Portal pressure/bilirubin Associated Portal invasion,
l—» Increased ——> diseases N1, M1
Normal No Yes No Yes
¥ ¥ ¥ ¥
q Liver Transplantation it
Resection (CLTILDLT) PEI/RF | Chemoembolization New agents
Curative Treatments Randomized controlled trials Symptomatic
50%-75% at 5 years 40%-50% at 3 yr vs 10% at 3yr treatment

Figure 2: Barcelona-Clinic Liver Cancer (BCLC) staging classification and treatment
schedule. Stage 0: Patients with very early HCC are optimal candidates for resection.
Stage A: Patients with early HCC are candidates for radical therapies (resection, liver
transplantation or percutaneous treatments); Stage B: Patients with intermediate HCC
may benefit from chemoembolization; Stage C: Patients with advanced HCC may
receive new agents in the setting of RCT; Stage D: Patients with end-stage disease
will receive symptomatic treatment. (Llovet JM et al. Lancet 2003 [S]). Reprinted
with permission from Elsevier (Lancet 2003, 362, pp 1907-1917).
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Case Study in the Management of
Patients with Hepatocellular Carcinoma

Eugene R. Schiff

This 50-year-old married man with three children has a history of
chronic hepatitis C that progressed to cirrhosis. Risk factors for
hepatitis C were intravenous drug use in the 1960’s and multiple
transfusions given for trauma in 1975. Cirrhosis had been complicated
by bleeding esophageal varices in 2001 but treatment with endoscopic
banding was effective. Furthermore he developed ascites and hepatic
encephalopathy. A computed tomography (CT) scan in November
2001 demonstrated a 6x6.5x7cm mass lesion in segment 7 of the liver.
The mass increased in size to 11.2x9.2x5.8cm on a repeat CT scan two
months later (Figure 1). Serum alpha-fetoprotein (AFP) was above
16,000ng/mL..
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Figure 1: CT scan demonstrating mass in right hepatic lobe.

What therapy would you recommend?

Chemoembolization was undertaken with mitomycin, adriamycin and
carboplatinum in February of 2002. By late July 2002 the CT scan
showed an area of decreased enhancement 3-4cm in diameter in
segment 7 associated with a dramatic drop in serial AFP values.

Would you recommend liver transplantation at this point?

An orthotopic liver transplant was performed in August of 2002. The
explant showed advanced cirrhosis without any histologic evidence of
residual hepatocellular carcinoma (Figure 2, Figure 3).
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Figure 2: Liver biopsy showing presence of cirrhosis.

Figure 3: Liver tissue from site chemoembolization.
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Would you treat the patient with chemotherapy post-liver
transplant?

The decision was made not to treat the patient with chemotherapy.
Five months post transplant he was maintained on tacrolimus 7mg
b.i.d. and medrol 16mg q.d. after several episodes of acute rejection.
He was generally feeling fine but had developed diabetes and was
started on insulin. Laboratory values included total bilirubin
1.2mg/dL, alanine aminotransferase (ALT) 32U/L, aspartate
aminotransferase (AST) 42U/L, alkaline phosphate 102U/L. hepatitis
C virus (HCV) RNA >500,000IU/mL. Liver biopsy was consistent
with chronic hepatitis C (Grade 3) and mild rejection.

Would you treat this patient with pegylated interferon and
ribavirin?

Treatment was not started until 6 months later when he became
increasingly icteric and developed diarrhea. A repeat liver biopsy
suggested recurrent hepatitis C and mild rejection. At that time the
total bilirubin was 21.5mg/dl, AST 417U/L, ALT 218UL, alkaline
phosphate 267U/L, albumin 2.7g/dL, creatinine 0.8mg/dL, AFP 14.3.
He was treated with pegylated interferon-alpha-2a, 90ug weekly and
ribavirin 200mg b.i.d. He continued to deteriorate and a repeat liver
biopsy one month later was consistent with fibrosing cholestatic
hepatitis and without significant rejection. He succumbed 1.5 years
post liver transplantation. There was never any evidence of recurrent
hepatocellular carcinoma.

CASE DISCUSSION

This patient presented with a hepatocellular carcinoma more than Scm
in diameter that grew to 11cm in diameter. Liver transplantation was
contraindicated at that stage. However he underwent
chemoembolization, which literally eradicated the hepatocellular
carcinoma which was absent in the explant. Hepatic artery
chemoembolization for hepatocellular carcinoma in patients listed for
transplantation is beneficial but must be considered in relation to the
risk of chemoembolization induced deterioration. The latter was a
transient problem in this patient prior to transplantation. The impact of
the Model for End Stage Liver Disease (MELD) for patients with
hepatocellular carcinoma has significantly improved the probability of
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a timely orthotopic liver transplant. Recurrence of hepatocellular
carcinoma after a liver transplant develops in approximately 20% of
patients with a median of one year. Recurrence of hepatocellular
carcinoma significantly shortens post transplant survival but as many
as 20% of these patients survive for at least 5 years compared to 65%
in patients without recurrent hepatocellular carcinoma. Recurrence of
hepatitis C is inevitable in almost 100% of patients with endstage liver
disease secondary to chronic hepatitis C who undergo liver
transplantation. Unfortunately current antiviral therapy for hepatitis C
is contraindicated in patients with decompensated cirrhosis.
Furthermore there is no antiviral regimen comparable to that used in
decompensated cirrhosis secondary to hepatitis B prior to liver
transplantation, e.g. nucleoside analogs and hepatitis B
immunoglobulin. The development of protease and polymerase
inhibitors for HCV is in a relatively early stage and thus far no high
titer anti-HCV preparation has been shown to successfully prevent
hepatitis C. Although the use of pegylated interferon and ribavirin post
liver transplant is being assessed, efficacy is limited and the side-effect
profile is high in this immunosuppressed group. As many as 40% of
post transplant patients with recurrent hepatitis C develop cirrhosis
within 5 years after transplantation. Retransplantation of patients with
fibrosing cholestatic hepatitis as in the present case has been shown to
be ineffective as has antiviral therapy. Retransplantation of recurrent
hepatitis C patients who have progressed to cirrhosis has been
associated with relatively poor survival rates but these patients would
do better if they were retransplanted with MELD scores less than 16
and with livers from donors who are under 60 years old.
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Clinical Virology of Hepatitis B

Fabien Zoulim

NATURAL HISTORY OF HEPATITIS B VIRUS INFECTION
1,2, 3]

The natural history of hepatitis B infection varies according to the age
that the infection is contracted. In adults with normal immunological
status less than five percent of individuals with acute hepatitis B
infection develop chronic infection, characterized by persistent
circulating viral antigens and viral DNA and most acute infections
resolve spontaneously because the immune system eliminates infected
cells while developing antibodies to viral surface antigens. However,
acute infection is associated with clinical manifestations in
approximately one third of patients. On the other hand, the rate of
progression to chronic hepatitis is much higher when the infection is
acquired in childhood, even though the initial infection is usually
clinically asymptomatic. Moreover, progression to chronic hepatitis is
more frequent in subjects with immunodepression.

The clinical manifestations of the chronic phase of the disease
depend on the immune attack on infected cells, resulting in elevated
serum transaminase levels and in some cases clinical symptoms. The
natural course of infection is characterized by distinctive phases that
differ in the replicative activity of the virus and the intensity of the
immune response (Table 1). Generally, in the early stages of infection,
the infected cells do not stimulate an immune response and continue to
shed viral particles. This immunotolerant phase is characterized by
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high serum levels of viral antigens and DNA and normal transaminase
levels. Then the immune system mounts an attack on infected
hepatocytes. During this immunoactive stage, serum levels of viral
DNA fall, transaminase levels rise, and clinical symptoms may appear.
If this stage persists because the immune system fails to control viral
infection, liver damage will lead to chronic hepatitis. However chronic
infection may remain clinically silent for significant periods. In many
patients, hepatitis Be antigen (HBeAg) seroconversion occurs and
HBe antigens disappear while anti-HBe antibodies appear, although
low levels of DNA may persist. Biological markers of hepatic function
normalize. This is predictive of a good clinical outcome, and indicates
good immunological control of liver infection (Figure 1). In this
phase, patients are inactive carriers of hepatitis B virus. As viral
supercoiled DNA persists in the liver, episodes of viral reactivation
may occur either spontaneously or because of immune suppression. It
should be noted that certain individuals carry hepatitis B strains that
bear mutations and prevent HBe antigen expression. These individuals
may thus present with active chronic hepatitis without serum HBeAg.
The prevalence of chronic HBeAg-negative hepatitis varies from
region to region, and is more prevalent in the Mediterranean basin, for
example, than elsewhere in Europe. There is also some evidence that
this form of hepatitis is associated with more severe liver disease than
HBeAg-positive hepatitis. In patients with chronic infection, the
incidence of cirrhosis and of hepatocellular carcinoma is less than ten
cases per hundred patient years. The five-year mortality rate for
uncomplicated chronic hepatitis is 0-2%, for chronic hepatitis with
compensated cirrhosis is 14-20% and for chronic hepatitis with
decompensation is 70-86%.
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Infection phase

Serum markers

Clinical risk

Immunotolerant phase HBYV DNA high High risk of
HBsAg high transmission to the
HBeAg high household

Transaminases normal

Immunoactive phase HBYV DNA decrease Development of
Chronic hepatitis HBsAg high cirrhosis and HCC
HBeAg decrease
Transaminases high
Low-replicative phase HBV DNA very low  Development of HCC
Inactive carrier state HBsAg decrease Viral reactivation:
HBeAg absent, anti- wild type or pre-core
Hbe-positive mutant
Transaminases normal
HBsAg clearance phase HBsAg-negative Occult HBV infection

Viral reactivation
(immune suppression)
Transmission of occult

Anti-HBc-positive
Anti-HBs-positive
or -negative

Normal ALT HBYV (nosocomial
HBV DNA may be infection)
positive by PCR

Table 1: Evolution of serum markers in the different phases of chronic hepatitis B
virus infection.
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Figure 1: Evolution of virological markers during the natural history of chronic
hepatitis B.

MEASURING VIRAL LOAD

Since hepatitis B virus infection can remain clinically silent, it is
important to have accurate methods to determine the presence of viral
replication to monitor treatment outcomes and to identify changes in
viral activity before they provoke clinical symptoms. The most
rigorous way of determining viral replication is to measure circulating
viral DNA. The threshold for risk of liver damage is around 10*
virions/mL.

A surrogate measure of viral load is the presence of circulating
hepatitis B virus e antigen; this method has been extensively used
because it is inexpensive and relative simple compared to DNA
measurement. Loss of this antigen and the appearance of anti-HBe
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antibody (HBeAg seroconversion) is associated with a decrease in
viral DNA titers to below 10* copies/mL and clinical remission.
However, certain variants of the hepatitis B virus carry mutations in
the pre-core region of the HBV genome encoding the HBeAg that
prevent determination of serological status.

MONITORING TREATMENT EFFICACY AND RESISTANCE

Patients with hepatitis B treated with antiviral drugs must be closely
monitored to assess virological efficacy and to detect any treatment
resistance as early as possible. This requires the measurement of viral
load, genotyping of viral DNA and assessment of hepatic function
(Figure 2).

Treatment initiation

/ Viral load
’

’
’
Mutation detection Viral breakthrough
4

’
4 Transaminases
/
’
’
_7
_________

Liver damage

Time

Figure 2: Time-course of emergence of antiviral resistance as measured by evolution
of viral load (- -) and serum transaminases (—).

SEROLOGICAL ASSAYS

Regular monitoring of viral markers is necessary to evaluate the
virological response to therapy and treatment end-points. In wild type
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virus infected patients, HBeAg seroconversion is one of the major
aims of antiviral therapy. Usually, it follows a rapid decline in serum
viral load that may lead to a restored hepatitis B virus (HBV) specific
T cell immune response [4, 5]. In patients infected with a pre-core
mutant, hepatitis B surface antigen (HBsAg) clearance is a major
endpoint.

VIRAL LOAD

Measuring viral load in serum is important to characterize the early
virological response and to detect viral breakthrough. Viral
breakthrough is generally defined as an increase in viral load of one
log unit compared to the nadir value (lowest viral load obtained during
therapy). Breakthrough indicates that the resistant strain has become
dominant and that the proportion of hepatocytes infected with this
strain and actively shedding the virus has become significant. This is a
sign of treatment failure and indicates that the patient is again at risk
of developing clinically symptomatic hepatitis (Figure 2).

The most recent assays to quantify intrahepatic viral covalently
closed circle DNA (cccDNA) show that the kinetics of clearance
during adefovir dipivoxil therapy are much slower than that of serum
viral load and total intrahepatic viral DNA. These studies suggest that
viral cccDNA decline is mainly a result of the inhibition of
intracellular recycling and not of a non-cytolytic process.
Mathematical modeling suggests that 14 years of therapy would be
required to clear viral cccDNA from the liver [6].

GENOTYPING

Genotyping is the only way to confirm that clinical resistance is due to
the emergence of a drug-resistant variant strain of hepatitis B.
Genotyping has several functions. First, the use of very sensitive
assays is the best way to detect resistant strains before viral
breakthrough has taken place. This is because resistant strains mainly
infect uninfected cells to become the dominant strain while
hepatocytes containing the previously dominant drug-sensitive strain
are eliminated from the liver. Thus there is a lag between the
appearance of a drug-resistant variant that actively sheds virions, the
colonization of the liver by this variant and viral breakthrough. The
length of time of this lag period depends on the rate that the immune
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system removes the wild type virus infected hepatocytes so that they
are replaced with healthy cells. Thus, resistant strains may be detected
in plasma before any noticeable change occurs in viral load. The
interval between detection of drug-resistant strains in patients treated
with lamivudine has been shown to precede viral breakthrough by 4 to
6 months [7]. This is important because suitable treatment may be
started to control replication of the resistant strain and to prevent
worsening of liver disease.

The second reason to use genotyping to identify resistant strains
rather than waiting for viral breakthrough is to determine the genetic
variant, and to choose the most appropriate alternative treatment in
relation to the sensitivity of the variant to antiviral drugs. This will
become increasingly relevant as new antiviral drugs with different
resistance profiles become available. Furthermore, genotyping
confirms the diagnosis of drug resistance by identifiying specific viral
mutants thus ruling out any questions about patient compliance.

Different methods are available for genotyping viral strains
(Table 2). Direct sequencing identifies all possible mutations
including previously unknown mutations. This is particularly pertinent
in patients receiving new nucleoside analogs that do not yet have any
resistance profiles. However, genotyping can only be used if the
proportion of the strain in the total viral population is significant,
around 20%. In addition, if multiple mutations are identified direct
sequencing cannot determine if they originate from one or multiple
strains. This problem can be solved by cloning individual viral strains
before sequencing, although this technique is too labor intensive to be
used in routine screening. Hybridization with oligonucleotide probes
or restriction enzyme polymorphism can be easily automated, but
these techniques only identify previously characterized mutations.
Hybridization with specific oligonucleotide probes is more sensitive
than direct sequencing of Polymerase Chain Reaction (PCR) products,
since a minor mutant can be detected even if it is as little as 5% of the
total viral population [8]. Although it is only under development for
the moment, DNA chip technologies would allow large scale
screening of multiple mutations in viral sequences (Table 3).
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Direct sequencing using RT-PCR
Sequencing of cloned viral DNA
Hybridization using specific oligonucleotide probes (Lipa)

Size polymorphism of fragments after restriction enzyme digestion

DNA chip technology

Table 2: Available methods for genotyping of hepatitis B viral strains.

Lamivudine Emtricitabine  Adefovir = Entecavir Telbivudine

dipivoxil

Resistance M204V M204V N236T S202G M2041
mutations M2041 M2041 Al181V/T S2021

T184G

M250V
Compensatory V173L
mutations L180M
Drugs active Adefovir Adefovir Lamivudine Adefovir
on resistant Tenofovir Tenofovir Emtricitabine Tenofovir
mutants Entecavir Entecavir Entecavir

+— +—

Table 3: Main polymerase mutants responsible for drug resistance.

PHENOTYPING ASSAYS

The phenotype of HBV clinical isolates can now be analyzed. Rapid
cloning of the entire HBV genome or the polymerase gene of the virus
in appropriate vectors allows transfection of single or multiple HBV
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clones in hepatoma cell lines to study their replication capacity and
sensitivity to drugs [9, 10]. These assays can be used to show that the
M2041 and L180M+M204V polymerase mutants confer resistance to
lamivudine and have a lower replication capacity than the wild type
virus and to characterize the newly identified N236T polymerase
mutant that causes adefovir resistance [11]. These assays may become
critically important as more drugs become available and more resistant
mutants are selected by therapy. They also show that combined
therapy with compounds that do not have cross-resistance should
prevent or significantly delay the selection of drug resistant viruses.

BIOCHEMICAL ASSAYS

Serum transaminases should be monitored as a marker of hepatic
function. Elevated transaminases suggest that the immune system is no
longer controlling the infection and that extensive lysis of hepatocytes
is occurring. This is a signal that a new round of clinical symptoms
may occur, since severe acute exacerbation of the disease can be
observed in some patients in association with viral resistance.
However, alanine aminotransferase (ALT) flares are usually preceded
by an increase in viral DNA titers, suggesting that close monitoring of
viral markers is required for optimal management of patients receiving
antiviral therapy.

MONITORING PROTOCOLS

The choice of a monitoring protocol should take into account the
clinical status and history of the patient (for example, HBeAg
seroconversion, other risk factors for hepatic disease, immunological
status) [12, 13]. The cost of monitoring is significant and will
influence the public health policy on the type and frequency of tests
when allocating resources. Treatment cost will also be considered in
the future, but it should be weighed against the rate of drug resistance
for each drug as well as the cost of management of drug resistant
patients.

An optimal monitoring regime would be to follow the emergence
of mutations using genotyping while measuring viral load, serological
status and transaminases. This would provide information about the
emergence of potentially resistant strains before intrahepatic spread of
the mutant and viral breakthrough, and allow a suitable treatment
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strategy to be begun. However, DNA sequencing is resource-intensive
and may not be considered cost-effective for routine monitoring,
although this may change if DNA chip technology could be used for
automated screening. To guarantee consistency, DNA sequencing may
also need to be performed by reference centers. The risk of emergence
of resistant strains with currently available antiviral drugs may also
affect the decision on the need for regular DNA sequencing. Although
genomic assays are obviously of interest, there is no consensus on the
optimal frequency of these tests.

The frequency of monitoring depends on the severity of hepatitis
and the treatment duration. If treatment has been stopped, monitoring
of biochemical and virological markers should be continued because
of the risk of viral reactivation.
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Natural History of Hepatitis B and
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INTRODUCTION

Hepatitis B virus (HBV) infection is a serious global health problem
responsible for between 500,000 and 1.2 million deaths annually from
cirrhosis and hepatocellular carcinoma (HCC) [1]. Although the HBV
vaccination has significantly reduced the number of new infections, a
large reservoir of HBV infected individuals remains and it has been
estimated that worldwide 360 million people are chronic carriers of
the virus [1]. The clinical course and outcome of HBV infection is
greatly influenced by age at infection, the level of HBV replication
and host immune status. Thus hepatitis B is a heterogeneous disease
that may either resolve spontaneously or progress to various forms of
chronic infection, including the inactive hepatitis B surface antigen
(HBsAg) carrier state, chronic hepatitis, cirrhosis and HCC [1-3].
Knowledge of the natural history of hepatitis B and the risk factors of
disease progression is important for developing strategies for
management and therapy.

PHASES OF HBV INFECTION

The individual course of HBV infection is determined by the
interaction between virus replication and the host immune response
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and can be divided into four phases: immune tolerance, immune
clearance, low or non-replicative, and reactivation.

In the initial immunotolerant phase, patients are hepatitis Be
antigen (HBeAg)-positive. They have high serum levels of HBV
DNA, but normal or minimally elevated serum alanine
aminotransferase (ALT) levels and normal liver or minimal
histological activity, thus indicating that the host immune response
against the infected hepatocytes is lacking or minimal. After a variable
period of HBeAg positivity, depending on the age at acquisition of
HBYV infection, immune tolerance to the virus is lost and patients may
enter the immunoactive phase, characterized by fluctuating, but
progressively decreasing HBV DNA levels and increased ALT and
histologic activity, reflecting immune-mediated histologic damage.
The third low or non-replicative phase involves seroconversion from
HBeAg to its antibody (anti-HBe). This is usually preceded by a
marked decrease in serum HBV DNA that is not detectable by
hybridization techniques, although low levels of HBV DNA can be
detected with sensitive polymerase chain reaction (PCR) assays.
During this phase, referred to as the inactive HBsAg carrier state, liver
disease is inactive with normal ALT and there is a subsidence of
hepatic necroinflammation [1-3]. The inactive carrier state can last for
decades or even for life, but in a number of patients, reactivation of
HBYV replication with high levels of HBV DNA and a recrudescence
of liver disease occurs either spontaneously or after discontinuation of
immunosuppressive therapy [4]. Reactivation of viral replication may
occur due to reactivation with the wild type virus (with HBeAg
seroreversion) or when replication-competent HBV variants cannot
produce HBeAg because of mutations in the pre-core or core promoter
regions of the core gene [5].

The low or non-replicative phase may lead to resolution of
hepatitis with HBsAg loss and development of neutralizing HBs
antibodies (anti-HBs) [1-3]. After HBsAg seroclearance, HBV DNA
may still be detectable by PCR in serum and liver biopsy specimens,
suggesting that viral eradication is seldom achieved [6].
Immunosuppression in these patients, such as during cancer
chemotherapy or after organ transplantation, can lead to reactivation
of hepatitis B.

204



Natural History of Hepatitis B

CLINICAL COURSE OF CHRONIC HEPATITIS B

Persistence of HBsAg, HBeAg and high levels of HBV DNA in serum
for more than 6 months after the primary infection is defined as
chronic HBV infection. The proportion of patients who develop
chronic HBV infection varies with age at infection; ranging from more
than 90% of infants born to highly infectious HBeAg-positive mothers
to less than 1% in adults, with an intermediate frequency of
approximately 30% in children infected after the neonatal period but
before the age of 5 [7] (Figure 1).

10-70% | perinatal/childhood Adult 9%
acute infection acute infection

I
30-90% <1% :
~1*
| Chronic infection | | Chronic infection | :
1
1 1
1
Mild — Moderate — Severe Inactive
Chronic hepatitis carrier state
T
2-10* |
1
| Cirrhosis | : 0.02-0.2*
* % 1
3-4 I 2-3 :
1
Decompensation | HCC f=-===-=-~-

=

| Death/transplantation |

Figure 1: A diagrammatic representation of the clinical spectrum and potential
outcomes of hepatitis B virus infection.

Hepatocellular carcinoma (HCC)

* incidence per 100 person years.
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HBEAG-POSITIVE CHRONIC HEPATITIS B

The natural history of chronic hepatitis B is influenced by the mode of
transmission and varies with regional endemicity. Perinatal
transmission or infection during early childhood predominates in
highly endemic areas such as Africa and Asia, where most HBsAg-
positive mothers have circulating HBeAg. In low prevalence regions,
such as Western Europe and North America, transmission is primarily
horizontal in adolescents and adults through sexual contact and
intravenous drug use.

Most Asian children with perinatally acquired chronic HBV
infection, are in the immunotolerant phase when they present, with
HBeAg positivity, very high serum levels of HBV DNA and mild or
no liver disease (HBeAg-positive chronic hepatitis with normal ALT).
The immunotolerant phase lasts 10 to 30 years and there is a very low
rate of spontaneous HBeAg clearance [7]. In contrast, individuals who
acquire HBV infection in late childhood, during adolescence or
adulthood and become chronic carriers, usually present in the
immunoactive phase with liver disease activity (HBeAg-positive
chronic hepatitis).

Adult patients with HBeAg-positive chronic hepatitis usually
present in the third or fourth decade of life and are more frequently
males [8]. The spectrum of liver damage ranges from mild
(approximately 20 to 40%) to moderate or severe chronic hepatitis
(approximately 40 to 60%) or active cirrhosis (approximately 10 to
25%) [8]. Children usually show milder chronic hepatitis than adults.

Seroconversion from HBeAg to anti-HBe is a very important
event in the natural history of chronic HBV infection as it is usually
followed by a reduction of HBV DNA replication, biochemical and
histological remission of hepatitis and a good prognosis [8-11]. The
average rate of spontaneous HBeAg seroconversion has been reported
to be between 8% and 15% of patients per year [8]. Factors that can
affect the probability of HBeAg seroconversion include gender, age
and the degree of liver disease activity. Older carriers and female
carriers are more likely to clear HBeAg [12-14].

Patients with ALT levels more than 5 times the upper limit of
normal (ULN) show a spontaneous HBeAg seroconversion rate of
over 50% at the end of 1 year follow-up compared to less than 10% in
patients with ALT levels less than 5 times the ULN [15]. Often the
disappearance of HBeAg is preceded or accompanied by a transient
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rise in ALT levels, known as a flare, which is the expression of a
vigorous HBV-specific immune response. Although a sudden increase
in serum ALT may be a favorable prognostic sign in chronic hepatitis
B, some patients experience repeated episodes of flares without
HBeAg loss. The clinical spectrum associated with these acute
exacerbations varies greatly; patients may remain asymptomatic or
develop symptoms of acute hepatitis that in some cases may progress
to hepatic decompensation [13].

Recently the role of the HBV genotype on the rate of HBeAg
seroconversion has been examined, but it is still uncertain. Studies
from Asia have suggested that patients with genotype B tend to have a
higher cumulative rate of HBeAg seroconversion than genotype C
infected patients, but more recent data indicate that this difference
disappears during long-term follow-up [16, 17]. There is only one
longitudinal study in Western patients indicating that HBeAg
seroconversion rate did not differ with different HBV genotypes [18].

HBeAg seroconversion associated with remission of liver disease
reflects the transition from chronic hepatitis B to the inactive HBsAg
carrier state, but longitudinal studies have shown that a proportion of
HBeAg-negative patients retain or redevelop high levels of HBV DNA
and persistent or intermittent elevation in ALT levels associated with
liver necroinflammation and progressive fibrosis [5, 9-11]. These
patients have HBeAg-negative chronic hepatitis.

HBEAG-NEGATIVE CHRONIC HEPATITIS B

The diagnosis of HBeAg-negative chronic hepatitis can be made in
patients who (1) are HBsAg-positive for at least 6 months to establish
chronic HBV infection, (2) HBeAg-negative and anti-HBe-positive,
(3) have detectable serum HBV DNA levels by molecular
hybridization techniques or by quantitative PCR assays (suggested
threshold of 10° copies per mL), (4) elevated ALT, (5) liver
necroinflammation at histology, and (6) no other concomitant or
superimposed causes of liver disease [1-3, 5].

Most patients with HBeAg-negative chronic hepatitis harbor a
variant virus that cannot produce HBeAg. The most common mutation
preventing HBeAg production is a guanine (G) to adenine (A) change
at nucleotide 1896 (G1896A) producing a stop codon (at pre-core
codon 28) that prematurely terminates synthesis of HBeAg 5. Other
pre-core changes as well as mutations in the basic core promoter
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region which down-regulate HBeAg synthesis at the transcriptional
level have been described [5]. The most common pre-core mutation
(G1896A) is predominantly found in association with HBV genotype
B, C and D with a thymidine (T) at pre-core position 1858. In contrast,
in HBV genotype A the nucleotide 1858 is a cytosine (C) and, given
the impaired base pairing between C and A, a G1896A mutation is not
selected since it would diminish the replicative efficiency of HBV.
Thus, HBeAg-negative chronic hepatitis is more common in Southern
Europe, where genotype D predominates, and in Asia, where both
genotype B and C are common. However available data suggest that
HBeAg-negative chronic hepatitis is present worldwide with marked
variations in the prevalence of pre-core and core promoter variants
among HBeAg-negative patients in different part of the word [19].

Patients with HBeAg-negative chronic hepatitis are usually male
and older than patients with HBeAg-positive chronic hepatitis (median
40, range 36-45 years) [5, 8, 20, 21]. Although the wide spectrum of
histologic damage seen in HBeAg-positive chronic hepatitis may also
be found in HBeAg-negative chronic hepatitis, HBeAg-negative
patients are more likely to have severe necroinflammation (>50% of
cases) or cirrhosis (approximately one third of cases) at the time of
first clinical presentation [8, 20, 21].

HBeAg-negative chronic hepatitis has various profiles
characterized by major fluctuations of both viremia and ALT (HBV
DNA can fall below 10° copies per mL and ALT may normalize
temporarily) in over 50% of patients [20]. Periods of completely
normal ALT may be long lasting, but usually the disease recurs.
Sustained spontaneous remissions of disease activity are rare and
delayed spontaneous HBsAg loss occurs at a low rate of 0.5% [5, 11,
21].

INACTIVE HBSAG CARRIER STATE

The diagnosis of the inactive HBsAg carrier state is based on the
following criteria: (1) HBeAg negativity and anti-HBe positivity, (2)
undetectable or low levels of HBV DNA (suggested levels less than
10° copies per mL), (3) repeatedly normal ALT levels, (4) minimal or
no necroinflammation, slight fibrosis or even normal liver on
histology [1-3]. In patients who have already developed cirrhosis
during the high replicative phase of infection, the picture in the
inactive carrier state will be that of inactive cirrhosis.
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Long-term follow-up studies (up to 29 years) of these carriers
have shown that liver disease remains inactive in most patients, thus
indicating a benign prognosis; patients rarely progress to cirrhosis or
HCC[11, 22-24].

During follow-up an estimated 20 to 30% of all inactive HBsAg
carriers experience spontaneous reactivation of hepatitis B with
reappearance of ALT elevation and high serum levels of HBV DNA,
with or without HBeAg seroreversion [4, 11]. Data indicate that
HBeAg seroreversion occurs in approximately 4% of patients during 1
to 18 years of follow-up and it is often severe with a high risk of
developing cirrhosis [11]. HBV reactivation is usually asymptomatic,
although in some patients it may present as acute hepatitis, with or
without jaundice. Intermittent or persistent reactivation of hepatitis B
may be a major cause of progressive liver damage and in cirrhotic
patients may lead to decompensation [4].

Spontaneous HBsAg clearance occurs during chronic HBV
infection at an estimated annual incidence of 1 to 2% in Western
carriers [14, 25], and even less (0.05 to 0.8%) in areas that are
endemic for HBV where infection is usually acquired perinatally or in
early childhood [12, 26]. The prognosis following HBsAg clearance is
excellent, except in patients with cirrhosis or concomittant HCV or
HDV infection before HBsAg clearance. In fact hepatic
decompensation, HCC as well as liver-related mortality may still
occur in patients who have already developed -cirrhosis when
spontaneous HBsAg loss occurs, with or without concurrent infections
[25, 27].

RATES OF PROGRESSION TO CIRRHOSIS

In untreated carriers with predominantly HBeAg-positive chronic
hepatitis referred to clinical centers, the reported incidence of cirrhosis
ranges from 2 to 5.4 per 100 person years with a cumulative incidence
of 8 to 20% over a 5 year period [8, 28, 29] (Figure 1). It has been
suggested that the rate of cirrhosis is higher in patients with HBeAg-
negative chronic hepatitis than in patients with HBeAg-positive
chronic hepatitis, the incidence being 8 to 10 per 100 person years [11,
30, 31]. In a prospective study of patients with HBeAg-negative
chronic hepatitis followed from early occurrence of the disease to after
HBeAg seroconversion, the incidence of progression to biopsy proven
cirrhosis was as high as 9.6 per 100 person years [11].
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In adult patients with chronic hepatitis B, the average age at the
time of diagnosis of cirrhosis was 41 to 52 years old (median 46) [8].
In general, progression to cirrhosis occurs insidiously and without
symptoms, as indicated by a European study where only a minority
(24%) of patients were symptomatic at diagnosis of compensated
cirrhosis type B [32].

LIVER-RELATED COMPLICATIONS AND MORTALITY

Long-term liver-related complications of chronic HBV infection
include the development of HCC, hepatic decompensation and death
(Figure 1).

Hepatocellular carcinoma

The risk of HCC varies according to geographic factors, duration of
HBYV infection and the severity of liver disease. Indeed, there is a
greater risk of HCC with chronic HBV infection from perinatal
transmission in highly endemic areas than for infections acquired as an
adult. In the presence of cirrhosis, the risk of acquiring HCC is
correspondingly higher than inpatients without cirrhosis. In studies in
countries where HBV is highly endemic (Taiwan, Singapore), the
summary HCC incidence rate was 0.2 per 100 person years in inactive
carriers, 1.0 in chronic hepatitis B without pre-existing cirrhosis at
diagnosis and 3.2 in patients with compensated cirrhosis, with a 5-year
HCC cumulative incidence of 15% in cirrhotics [33]. In Western
countries where infection is slightly or moderately endemic the
summary HCC incidence was 0.02 per 100 person years in inactive
carriers, 0.1 in chronic hepatitis B without cirrhosis at diagnosis and
2.2 in compensated cirrhosis, with a 5-year HCC cumulative incidence
of 10% in cirrhotics [33].

In a study analyzing the natural history of compensated cirrhosis
type B in 161 Western European caucasian patients (EUROHEP
cohort), who were delta-negative and remained untreated during a
mean follow of 6 years, the 5-year cumulative HCC risk was 9% [34].
Most patients with HCC did not experience hepatic decompensation
before or at the time of diagnosis of liver cancer, indicating that HCC
usually develops in clinically silent cirrhosis [34].
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Hepatic decompensation

The average age for the development of clinical cirrhosis is 55 years
old [34, 35]. In longitudinal studies conducted in Europe [34] and Asia
[36] including patients with early stages of cirrhosis (Child class A)
the incidence of hepatic decompensation was 3 to 4 per 100 person
years with a 5-year cumulative incidence of 16 to 20%. Overall these
findings indicate that decompensation usually occurs several years
after cirrhosis is diagnosed.

Mortality rates

Several longitudinal studies of the natural history of untreated chronic
HBV carriers demonstrate that the mortality rate varies with the
baseline clinical setting. In a series of untreated patients with chronic
hepatitis B, both HBeAg-positive and HBeAg-negative, without pre-
existing cirrhosis at baseline and without HDV infection, the incidence
of liver-related death was low, ranging from 0 to 1.0 per 100 person
years with a 5-year mortality rate of 0-1% [8, 28, 29].

The 5-year mortality rate is 14-20% in patients with compensated
HBV-cirrhosis [32, 34, 37]. In the EUROHEP cohort of patients with
compensated cirrhosis type B, the incidence of liver-related death was
3.5 and the 5-year mortality rate was 14% [34]. HCC and liver failure
were the main causes of death. Once liver disease decompensation
occurs, the prognosis is poor with the 5-year mortality rate ranging
from 65%-85% [37, 38]. There is some correlation between the type of
decompensation and the prognosis. The highest mortality was
observed in patients with more than one complication and the lowest
mortality rate in patients with ascites (62% at 5 years) [34].

PROGNOSTIC FACTORS OF DISEASE PROGRESSION

A number of viral-related, host-related and external factors may have
an impact on the rate of disease progression (Table 1).
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Viral-related

HBYV replication status during follow-up
HBYV variants

HBYV genotype *

HDV co-infection

HCV co-infection

HIV co-infection?

Host-related

Age at diagnosis

Gender

Severity of liver disease at presentation
Recurrent flares of hepatitis

Sustained ALT normalization

External

Alcohol
Smoking *

Environmental contaminants (aflatoxin)

Virus-related factors

212

Table 1: Factors affecting progression of chronic hepatitis and compensated cirrhosis
due to hepatitis B virus (HBV).
Hepeatitis delta virus (HDV), hepatitis C virus (HCV), human immunodeficiency virus
(HIV) *more research needed; ® important in HBV endemic regions.

Ongoing “clinically” significant HBV replication, defined by the
presence of detectable serum HBV DNA using a non-PCR assay
(>10°-10° copies per mL) or HBeAg, may accelerate the progression
of chronic hepatitis to cirrhosis [20, 28, 39]. Once cirrhosis has
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developed, patients with high levels of HBV replication are at
increased risk of liver-related death, whereas those undergoing
clearance of HBeAg, suppression of HBV DNA and ALT
normalization have an improved survival rate [37, 40]. In the
EUROHEP cohort of patients with compensated cirrhosis, the risk of
decompensation and liver-related mortality in HBV DNA-positive
patients compared to HBV DNA-negative patients was 4 fold and 5.9
fold respectively [34]. In the Dutch cohort of cirrhotic patients, loss of
HBeAg and development of anti-HBe during follow-up was associated
with a reduction in the likelihood of liver-related death by 2.2 fold
[37]. Even in patients with decompensated cirrhosis, suppression of
HBYV replication and delayed HBsAg loss is an important event that
may be associated with improved survival [35].

On the other hand, the prognostic role of active HBV replication
at diagnosis in the prediction of HCC is still controversial. A
population-based study in 11,893 Taiwanese men found that the risk
of HCC increased 10-fold among men who were positive for HBsAg
alone and 60-fold for those positive for both HBsAg and HBeAg at
diagnosis compared to HBsAg-negative men [41]. In the EUROHEP
cohort of patients with compensated cirrhosis type B, the risk of liver
cancer did not differ among HBeAg-positive, HBeAg-negative/HBV
DNA-positive or HBeAg-negative/HBV DNA-negative patients at
diagnosis [34]. However, these negative results may be related in part
to the small sample size in each group of patients and to the low
overall incidence of HCC.

The influence of the HBV genotypes on the clinical outcome of
chronic hepatitis B is still under investigation [42]. One study from
Taiwan found that genotype C is associated with advanced fibrotic
liver disease and genotype B is associated with an increased risk of
HCC [43], but other studies from Japan and China reported that the
life long risk of progression to cirrhosis and the development of HCC
did not differ between HBV genotype B and C [17, 44] In India and
the Mediterranean area, genotype D is associated with more severe
liver disease than genotype A [18, 42]. Whether differences in the
preferential occurrence of the pre-core and core promoter mutations in
association with different HBV genotypes affect the clinical outcome
of chronic liver disease has still not been clarified.

An important factor in disease progression is co-infection with
similarly transmitted viral infections. The reported worldwide
prevalence of serum anti-HCV in patients with chronic HBV or HDV
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infection is greater than 10%, particularly among injecting drug users
[45]. Co-infection with HCV and HBYV or triple infection with HCV,
HBYV and HDV tend to aggravate the severity and the progression of
liver disease to cirrhosis [45-47]. HCV or HDV co-infection in
patients with cirrhosis has been linked to an increased risk of HCC
[48-50].

In homosexual men with chronic HBV infection, HIV infection is
associated with a lower rate of spontaneous HBeAg seroconversion
and an increased incidence of cirrhosis in cases of low CD4 count
(<200/mm®) compared to HIV-positive patients with a CD4 count
>200/mm’ and to HIV-negative patients [51]. To our knowledge, no
data are available on the risk of HCC in HBV/HIV co-infected
persons.

Host-related factors

Older age at diagnosis appears to be an important determinant of
progression to cirrhosis, HCC and increased mortality [32, 34, 37, 38,
49]. This may be because the aging immune system cannot contain the
disease process or simply because of the longer duration of infection
and liver disease. Fibrosis appears to progress more slowly in females
than in males with chronic hepatitis B, suggesting that estrogens have
a protective effect on fibrogenesis [52]. Contrasting data are available
on the influence of gender on the risk of HCC [38, 53].

The biochemical and histological expression of the disease is
significantly related to disease progression. The natural course of
chronic hepatitis B is punctuated by spontaneous flares of hepatitis
and recurrent episodes of severe necroinflammation and regeneration
may increase the risk of fibrosis and cirrhosis [4, 39]. In addition, the
severity of the fibrosis stage at presentation correlates with the risk of
developing cirrhosis; in one study the rate of progression to cirrhosis
was 0%, 6% and 17% after 5 years for stages F1, F2 and F3,
respectively [29].

In patients with compensated HBV-cirrhosis, baseline clinical
and biochemical characteristics that indicate decreased hepatocellular
function (hypoalbuminemia, mild elevation in bilirubin levels (17-
51umol/L) and the presence of portal hypertension (decreased platelet
counts, splenomegaly) correlate with an increased risk of hepatic
decompensation and HCC and poor survival [32, 34, 37].
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External factors

Chronic alcoholism plays a major role in increasing the rate of
progression to both cirrhosis and HCC. Among patients with chronic
hepatitis B, those with a history of heavy drinking have a 6 fold higher
risk of progression to cirrhosis [29]. A case control study found that
there was a synergy between alcohol drinking and HBV infection in
the risk of liver cancer, with an increased risk of approximately 2 fold
over that with alcohol alone for HBV infected subjects of both sexes
who drank more than 60g/day [54]. Additional external factors that
may increase the risk of liver cancer include smoking and dietary
carcinogens such as aflatoxins which contaminate food stored in
humid conditions [41, 55].

CONCLUSIONS

In conclusion, the difficulties of determining the natural history of
chronic hepatitis B include (1) the absence of symptoms during the
early stages, but also during progression to cirrhosis, (2) the slow and
variable progression to cirrhosis and end-stage liver disease, (3)
accompanying factors that can modify the course, including co-
infections and co-morbid conditions, and (4) the now common use of
antiviral treatments. At present there is no generally accepted way to
predict the long-term outcome in an individual patient, although a
combination of demographic, virological, biochemical, histological
and environmental factors can provide useful information for
describing the natural history of the disease. Further characterization
of host, virus and external factors associated with rates of fibrosis
progression and long-term complications of chronic hepatitis B would
allow more efficient clinical management and treatment of this
disease.
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Three agents have been approved for the treatment of chronic hepatitis
B virus (HBV): interferon-alpha, lamivudine and adefovir. Each agent
has certain limitations and none has an excellent efficacy. Lamivudine
and adefovir have the advantages of oral administration and excellent
safety profiles. However, optimal treatment of chronic hepatitis B is
still under debate. The sustained response rates to these new therapies
are still low, drug resistance to lamivudine limits its efficacy and new
drugs are necessary for the treatment of chronic hepatitis B in different
situations: immunocompromised and decompensated patients, patients
with normal ALT levels, lamivudine-resistant patients and non-
responders to lamivudine or interferon [1].

This review focuses on new antiviral agents such as entecavir,
emtricitabine, clevudine and beta-L nucleosides. Some of them are
still in phase II clinical studies; therefore available information
remains limited.

ENTECAVIR

Entecavir, a cyclopentyl guanosine analog, is a potent inhibitor of
HBV DNA polymerase, inhibiting both the priming and elongation
steps of viral DNA replication [1, 2]. Entecavir is phosphorylated to
its triphosphate, the active compound, by cellular kinases. It is a
selective inhibitor of HBV DNA because it has little or no inhibitory
effect on the replication of other DNA viruses such as herpes simplex,
cytomegalovirus and RNA viruses such as HIV. Although entecavir is
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also effective against lamivudine-resistant mutants, it is less effective
than against wild-type HBV [2, 3].

In a randomized, double blind, escalating-dose, placebo-
controlled phase II trial, four doses of entecavir (0.05, 0.1, 0.5 and
1.0mg once daily for 28 days) were evaluated. Serum HBV DNA
levels decreased by 2-3 logs by day 28 and approx 25% of patients
showed a decline in HBV DNA below the limit of detection of the
Chiron HBV DNA assay (<0.7ME/mL). After stopping therapy, all
patients showed a rebound of ALT levels and HBV DNA [3].

In a 24 week, double blind, randomized, multicenter clinical trial,
the safety and efficacy of three different oral doses of entecavir (0.01,
0.1, or 0.5mg/day) were compared to lamivudine (100mg/day). One
hundred and sixty-nine patients chronically infected with HBV
(HBeAg-positive and HBeAg-negative) were treated for 24 weeks [4].
Both the 0.1 and 0.5mg/day doses of entecavir were more effective
than lamivudine for viral load reduction, as measured by the
Amplicor® polymerase chain reaction (PCR) assay. Compared to
lamivudine, entecavir therapy reduced HBV DNA by an additional
0.97 logs;o with the 0.1mg/day dose and an additional 1.28 logs;, with
the 0.5mg/day dose (P<0.0001 for both comparisons). A clear dose-
response relationship was observed for entecavir with both the 0.1 and
0.5mg/day doses demonstrating significantly stronger viral
suppression of HBV DNA than the 0.01mg/day dose (P<0.0001 for
each). The 0.5mg/day dose of entecavir was more effective than the
0.lmg/day dose (P=0.018). 83.7% of the patients treated with
entecavir 0.5mg/day had a decrease in HBV DNA levels to below the
lower limit of detection of the Quantiplex” branched chain DNA
(bDNA) assay, compared to 57.5% treated with 100mg/day of
lamivudine and 62% treated with 0.1mg/day of entecavir. Entecavir
was well tolerated at all dose levels; most adverse events were mild to
moderate and transient with no significant differences observed
between any of the different doses of entecavir and lamivudine. This
study shows that entecavir has potent antiviral activity against HBV.
The 0.1 and the 0.5mg/day entecavir doses were more effective than
lamivudine in chronically HBV infected patients. Based on the results
of this study, 0.5mg/day of entecavir can be recommended as the
optimal dose for previously untreated patients. In addition, entecavir
has antiviral activity in patients with lamivudine-resistant mutants.
Results from a recent trial of entecavir against YMDD-variant HBV
confirm that it is active in this setting [5]. Three doses of entecavir
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(0.1, 0.5 and 1mg/day) were tested and compared with lamivudine in
181 patients who failed to respond to lamivudine therapy and had
YMDD mutants. At week 24, the percentage of patients with
undetectable HBV DNA by bDNA (Quantiplex assay) was 19% with
0.1mg, 53% with 0.5mg and 79% with 1mg entecavir daily while with
lamivudine (100mg/day), only 13% had undetectable HBV DNA. The
0.5 and Img doses were more effective than lamivudine (P<0.0001).
The mean log;, decrease in HBV DNA levels by PCR assay with
entecavir was 1.95 with 0.1mg, 3.85 with 0.5mg and 4.36 with 1mg in
contrast to 0.92 with lamivudine [5]. Therefore, in patients with
lamivudine resistant YMDD mutants, entecavir significantly decreased
hepatitis B viremia and 1mg of entecavir daily seems to be the optimal
dose in these patients in contrast to the 0.5mg dose recommended for
untreated patients.

Preliminary results do not show any emergence of entecavir
resistance in lamivudine refractory patients treated for at least one year
with entecavir. One hundred thirty two patients with lamivudine
resistance were treated with entecavir for 48 weeks without the
emergence of other reverse transcriptase sequences.

Different ongoing multicenter phase III studies are currently
evaluating the efficacy and safety of entecavir in HBeAg positive and,
HBeAg negative patients as well as in patients resistant to lamivudine.
These studies are comparing entecavir vs. lamivudine for 48 weeks.

EMTRICITABINE

Emtricitabine (FTC) is a cytosine nucleoside analog with antiviral
activity against both HBV and HIV. Unlike lamivudine, it has a
fluorine at the S5-position of the nucleic acid. In a pilot study, 49
patients with HBeAg positive chronic hepatitis B received five
different doses of emtricitabine: 25, 50, 100, 200, or 300mg/day for 8
weeks. At the end of treatment, serum HBV DNA levels decreased by
2-3 logs in patients receiving the higher doses [1].

In a second randomized, double blind study, three doses (25, 100,
or 200mg/day) of emtricitabine were compared for 48 weeks in 98
Asian patients (77 HBeAg positive and 21 HBeAg negative) [6]. At
week 48, HBeAg loss was observed in 40% of the 77 HBeAg positive
patients (ranging from 32 to 50% depending on the dose group). For
all patients, the median decrease in viral load was 2.59 log
copies/mL for the 25mg dose, 3.12 log;, copies/mL for the 100mg
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dose and 2.92 log;o copies/mL for the 200mg dose, with a range of up
to 5.5 logy copiess/mL in patients receiving 100 or 200mg
emtribitabine/day. The proportion of patients with undetectable HBV
DNA at week 48 was 38%, 42% and 61% for the 25, 100, and 200mg
dose groups, respectively. Genotypic analysis performed at week 48
showed that 12% of patients treated with 100mg of emtricitabine and
6% of those treated with 200mg had detectable viremia with
phenotypic changes associated with HBV drug-resistance. The results
of this study suggest that the optimal FTC dose is 200mg once daily.
This dose is well tolerated, produces the highest rate of HBV
suppression and is associated with the lowest incidence of drug
resistant mutants.

HBYV DNA loss occurred in a higher proportion (79%) of the 21
anti-HBe positive patients, than of the HBeAg positive patients.
However, when HBV DNA results were adjusted for baseline viral
load there was no difference between patients who were HBeAg
positive and HBeAg negative in the proportion of patients with
undetectable HBV DNA at week 48. Overall, ALT levels normalized
in 95% of patients at week 48. These results suggest that emtricitabine
has potent antiviral activity in HBeAg-negative, HBV DNA positive
patients and it is an active therapeutic agent in this setting [7].

Phase III clinical trials are under way to determine the long-term
safety and efficacy of emtricitabine. However, the role of
emtricitabine in the treatment of chronic hepatitis B may be limited by
its structural similarity to lamivudine and hence, the potential for
cross-resistance and the development of mutations. For this reason
some clinical trials comparing emtricitabine alone or in combination
with adefovir are ongoing.

CLEVUDINE

Clevudine (L-FMAU;1-[2-fluoro-5methyl-p-L-arabinosyl uracil]) is a
pyrimidine analog with marked “in vitro” activity against HBV but not
HIV [1, 2]. The active triphosphate inhibits HBV DNA polymerase
but is not an obligate chain terminator. “In vitro”, clevudine has an
ECso value ranging from 0.02 to 0.15uM with a mean of 0.08uM. “In
vitro” studies suggest that it may also be effective against lamivudine-
resistant HBV mutants. “In vivo” studies of the infected woodchuck
model have demonstrated that a once daily dose of 10mg of clevudine
resulted in as much as a 9 log;, decrease in viral load. An open labeled

224



New Nucleoside Analogs in Hepatitis B

phase I/Il, non-randomized, dose—escalation study was performed in
patients with chronic hepatitis B. Twenty-five patients were enrolled:
5 received 10mg daily of clevudine for 28 days, 10 received 50mg of
clevudine/day and 10 were treated with 100mg of clevudine/day for
the same period of time and were followed by a 24 week postreatment
period [8]. All patients were HBV DNA positive (more that 3 x 10°
copies/mL). At the end of the dosing period, the median reduction in
serum HBV DNA was 2.48 logjo, 2.74 log;o and 2.95 log;, in the
10mg, 50mg and 100mg/day cohorts, respectively. At the end of
follow-up (20 weeks post-treatment), the median decrease in serum
HBV DNA levels was 1.84 log;y and 2.38 logy in the 10mg and the
50mg/day cohorts, respectively. No data was available for the 100mg
dose cohort. Clevudine was well tolerated without associated adverse
events. These preliminary results show that clevudine has potent
antiviral activity at all three doses tested and maintains a sustained
post-treatment antiviral effect for at least 6 months after the 28-day
treatment period. More studies in patients with chronic hepatitis B are
planned.

BETA-L-NUCLEOSIDES

The natural nucleosides in the beta-L-configuration (beta-L-thymidine
[LdT], beta-L-2-deoxycytidine [L-dC] and beta-L-2-deoxyadenosine
[L-dA]) represent a new class of compounds with potent, selective and
specific activity against hepadnaviruses. “In vitro” studies have shown
that these compounds are not active against other viruses such as
herpes viruses or HIV, but these compounds have marked effects on
HBV replication. It is not yet clear whether these compounds are
active against lamivudine-resistant HBV mutants [1, 9, 10].

LdT is at the most developed stage of clinical investigation. A
phase I/II, 4-week dose-escalation trial has been completed with 35
adults with chronic hepatitis B. All of them were HBeAg positive and
HBV DNA positive. Subjects were randomized to receive five
different oral doses of LdT: 25, 50, 100, 200, or 400mg/day. HBV
DNA level reductions were dose dependent and were observed at all
five doses tested. The dose-dependent antiviral effects of LdT were
especially evident after the first week of treatment. The median HBV
DNA reduction for the 400mg cohort, assessed by Roche polymerase
chain reaction (PCR) assay, was 3.6-4.0 log;y, by week 4. This
reduction seems greater than those previously reported for other
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antiviral drugs (lamivudine, adefovir, entecavir). The safety profile of
LdT appeared similar to placebo [11]. A phase IIb study comparing
five different therapeutic strategies for 1 year was recently completed.
One hundred and four patients were randomized to receive LdT
400mg/day, LdT 600mg/day, LdT 400mg and lamivudine 100mg/day,
LdT 600mg and lamivudine 100mg/day and lamivudine 100mg/day
for one year. Median serum HBV DNA reductions at week 52 in logo
copies/mL for the five treatment groups were 4.66 for standard
lamivudine therapy, 6.43 for LdT 400mg <7day, 6.09 for LdT
600mg/day, 6.40 for combination 400mg and 6.05 for combination
600mg/day. HbeAg loss was observed in 28% of the patients treated
with lamivudine, 33% of those treated with LdT and 17% of those
treated with Ldt plus lamivudine [12]. Therefore after one year of
treatment, viral suppression, PCR non-delectability of serum HBV
DNA and ALT normalization were significantly greater for LdT than
lamivudine.

Another promising beta-L-nucleoside compound is val-LdC. It is
in the middle of phase I/II testing and preliminary results indicate
substantial antiviral activity with a good safety profile [1].

Combinations of beta-L-nucleosides appear to have additive or
synergistic effects against HBV. “In vitro” studies and animal tests
have shown that there is no evidence of cellular or mitochondrial
toxicity. The combination of LdT and Val-LdC was analyzed in
woodchucks. Over a 12-week treatment period, the combination of
LdT and val-LdC cleared PCR detectable woodchuck hepatitis virus
(WHV) DNA in 5 of the 5 animals tested with no safety problems
noted. If similar antiviral activities are observed in humans, a
relatively rapid clearance of HBV viremia could be a realistic goal in
many patients.

SUMMARY AND CONCLUSIONS

Although many of the new antiviral agents discussed above are
promising, it is unlikely that any of these compounds will result in a
definitive answer to the treatment of chronic hepatitis B and the future
of chronic hepatitis B therapy seems to be the combination of different
drugs with two aims: to improve response to therapy and to avoid or
reduce viral resistance.
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INDICATIONS FOR THERAPY

There is no consensus on which patients should be treated for chronic
hepatitis B and current treatments have limited long-term efficacy. In
general, treatment of chronic hepatitis B should target patients with
active disease and viral replication, preferably before there are the
signs and symptoms of cirrhosis or significant injury has occurred [1].
Eradication of infection is only possible in a minority of patients.
However, if HBV replication can be suppressed, the accompanying
reduction in histological chronic active hepatitis reduces the risk of
cirrhosis and hepatocellular carcinoma [2]. Patients with mild chronic
hepatitis should be carefully monitored at appropriate intervals.
Therapy should only be considered if there is evidence of moderate to
severe activity. Hepatitis Be antigen (HBeAg)-positive patients should
be followed for a few months to determine their status, and antiviral
therapy should be considered if there is active hepatitis B virus (HBV)
replication (HBV DNA above 10’ copies/mL) and persistent elevation
of aminotransferases after 3-6 months of observation. HBeAg-
negative patients should be considered for antiviral therapy when
serum aminotransferases are raised and if there is active viral
replication (HBV DNA above 10° copies/mL). Many clinicians
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consider a liver biopsy to be helpful in determining the degree of
necroinflammation and fibrosis.

HBV/HIV co-infected patients whose immune status is preserved
on highly active antiretroviral therapy (HAART) should be considered
for anti-HBV therapy, with appropriate therapy for HIV infection to
minimize resistance. If HAART is indicated in a patient with HIV co-
infection, lamivudine can be administered since it is active against
HIV and HBV. Adefovir dipivoxil (ADV) is also active against both
viruses although a lower dose is used for HBV. Although tenofovir is
active against HBV and HIV, its efficacy in hepatitis B infection has
not been confirmed in large controlled trials.

Hepatitis B surface antigen (HBsAg)-positive patients with extra-
hepatic manifestations and active HBV replication may respond to
antiviral therapy. Patients with decompensated cirrhosis should be
treated in specialist liver units, due to the complexity of antiviral
therapy in these cases.

Prophylactic therapy is recommended in all patients undergoing
liver transplantation for end-stage hepatitis B to lower HBV DNA
levels to less than 10° copies/mL before transplantation. The optimal
timing of transplantation has not been established, but the selection of
resistant strains should be avoided before surgery. Lamivudine and
ADV are suitable. Antiviral therapy for prophylaxis of post-
transplantation recurrence will probably require life long treatment.
The most promising prophylaxis includes lamivudine and lifelong
hepatitis B immunoglobulin (HBIG) treatment after transplantation
resulting in low rates of reinfection/reactivation. Shorter courses of
HBIG and other forms of prophylaxis, including ADV combined with
lamivudine, are being studied. The optimal treatments for hepatitis B,
including suitable combination therapies, are being evaluated in
different studies. Response rates in HBeAg-positive patients are better
in patients with higher baseline alanine aminotransferase (ALT) for all
currently licensed agents.

Interferon remains a benchmark therapy for chronic hepatitis B.
Approximately 35-40% of HBeAg-positive patients are treated
effectively by interferon, at a dose of 5-10mIU/three times weekly
(5mlU daily in the USA) for 4-6 months. The efficacy of interferon
alpha is discussed elsewhere in the present work. The rationale of
first-line treatment with alpha interferon is to achieve loss of HBeAg
(and even subsequent loss of HBsAg) after a short course of treatment.
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Sustained loss of HBeAg is generally associated with a histological
reduction in inflammation [3].

There are alternative options and strategies for treatment; new
nucleoside analogs which act as chain terminators have influenced the
treatment of hepatitis B. Lamivudine can be given (100mg/day for at
least one year and maintained for 4-6 months after a virological
response (loss of HBeAg) is achieved). Loss of HBsAg has been
observed. If a virological response is not achieved within 1 year, the
likelihood that continuation of treatment will produce a response is
offset by the cumulative risk of developing drug resistance. Therapy
remains useful if HBV DNA is suppressed (histological improvement
has been documented). ADV 10mg/day is an effective alternative to
lamivudine. As with lamivudine, most patients do not have a
virological response after one year. ADV can be given at a dose of
10mg/day for at least one year, and maintained for 4-6 months after a
virological response occurs (loss of HBeAg is achieved). Unlike
lamivudine, the likelihood that continuation of treatment will produce
a virological response is not clearly offset by the cumulative risk of
developing drug resistance. Therapy also remains useful if HBV DNA
is suppressed (histological improvement has been documented). Long-
term use of ADV monotherapy (>2 years) will require monitoring for
resistance and possible nephrotoxicity.

Patients with decompensated cirrhosis are not candidates for
interferon-alpha therapy because of the risk of side-effects, but may be
candidates for nucleoside or nucleotide therapy. Patients with
moderate to severe chronic hepatitis (HBeAg-positive or -negative)
whether treated or not, and patients with advanced liver disease should
be monitored for the progression of liver disease and the development
of complications, including hepatocellular carcinoma.

LAMIVUDINE

Lamivudine (2',3'-Dideoxy-3'-thiacytidine ((+) -SddC), 3TC or Epivir)
is a potent inhibitor of HBV, as well as HIV (Figure 1). The drug acts
by inhibiting DNA synthesis through chain termination. The (-)-form
((-)-SddC), which is resistant to deoxycytidine deaminase, is a more
active antiviral stereoisomer than the (+)-form. The negative
enantiomer (-)-SddC does not appear to affect mitochondrial DNA
synthesis. Metabolic studies have shown that the drug is converted to
the monophosphate, diphosphate, and triphosphate form. It is rapidly
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absorbed after oral administration, with a bioavailability of >80%.
Most of the drug is excreted unchanged in the urine. Lamivudine has
been used in trials for the treatment of HIV infection since 1990, and
this compound has been licensed as a component of HAART.
Lamivudine is active in vitro against human hepatitis B transfected
cell lines and in ducklings affected with duck hepatitis B virus
(DHBYV), as well as in chimpanzees infected with HBV.
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Figure 1: Lamivudine (GR109714x) Single (-) enantiomer of the racemic mixture 2’
deoxy-3’ thiacytidine.

Large phase III trials in patients with chronic hepatitis B have
been completed. Doses above 25mg reproducibly decrease HBV DNA
levels in serum. HBV DNA generally became undetectable (by
hybridization assay) in more than 90% of patients who received 25mg-
300mg/day. In most patients, HBV DNA reappears after therapy is
completed. In large trials in Asia and the Western countries,
approximately 15-20% of patients became HBeAg-negative after 12
months of treatment compared to 4% of placebo recipients.
Histological improvement was noted after one year of treatment.
Lamivudine therapy has consistently been associated with a highly
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significant sustained reduction in levels of serum HBV DNA at the
end of one year of therapy in up to 98% of patients. Undetectable
levels of HBV DNA were sustained in 44% of treated patients
compared to 16% on placebo. Loss of the HBe antigen with
seroconversion to anti HBe was observed in 17% of patients after a
year of treatment with lamivudine versus 6% on placebo. Histological
improvement was the main outcome measured in the pivotal trial of
lamivudine therapy in adults. Liver biopsies were scored according to
the degree of necroinflammation and fibrosis and an improvement of 2
or more Human Awareness Institute (HAI) points. Significant
differences in the total HAI score were observed in patients receiving
lamivudine compared to those receiving placebo [4]. Lamivudine
monotherapy reduces HBV DNA concentrations prior to liver
transplant, but may be associated with subsequent resistance.
Lamivudine and HBIG prophylaxis have been shown to be effective
for the prevention of recurrent hepatitis B post-transplantation.

The drug seems to be well tolerated and relatively few serious
side-effects have been reported. Serious side-effects have been
observed in about 5% of patients; these include anemia, neutropenia,
an increase in liver enzymes, nausea and neuropathy. Increased lipases
may occur, but this is uncommon, and serious lactic acidosis has not
been observed. Severe exacerbations of hepatitis accompanied by
jaundice have been reported in patients whose HBV DNA became
positive after stopping treatment, or after the development of
resistance. Reactivation of hepatitis was observed in patients who
developed a methionine to valine or isoleucine substitution in the
highly conserved YMDD motif of the HBV polymerase [5]. This
motif is part of the active site of the polymerase, and this mutation
parallels the M184 mutation seen in resistant HIV where substitutions
of valine and isoleucine for methionine have also been found.
Lamivudine-resistance is conferred through acquired selection of HBV
with mutations of the YMDD motif of the HBV DNA polymerase
gene [5]. Four major patterns have been observed: L180OM + M204V;
M2041; L180M + M204I; VI173L + L180M + M204V; and
occasionally L180M + M204V/I. The L18OM + M204V pattern
occurs most frequently. Although viral “fitness” may be reduced, as
lower levels of HBV DNA occur, recent studies have suggested that
the disease may progress [6]. These changes cause a marked decrease
in sensitivity to lamivudine in vitro. The incidence of lamivudine
resistance in chronic hepatitis rises from 24% after one year of
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treatment to 66% after 4 years. The incidence increases to 90% in
HBV/HIV co-infected patients. The selection of antiviral resistance is
a disadvantage of treatment with nucleoside analogs and is a
fundamental disadvantage of treatment with long-term lamivudine
therapy.

After lamivudine is stopped, HBV replication may reactivate and
can sometimes be associated with severe “flares” or exacerbation of
hepatitis as HBV DNA increases in serum. The pathogenesis of this
injury is not fully understood. It is probably related in part to an
immune response. The emergence of resistance could have a similar
effect, as viral DNA increases. Combination studies with lamivudine
and ADV are in progress.

ADEFOVIR DIPIVOXIL

Pharmacology

Adefovir dipivoxil 9-[2-[bis[(pivaloyloxy)methoxy]phosphinyl]meth
oxy]-ethyl]adenine is an orally bioavailable prodrug of adefovir, a
phosphonate nucleotide analog of adenosine monophosphate (Figure
2). It requires cellular nucleoside kinases for activation to ADV
diphosphate and it then acts as a competitive inhibitor and chain-
terminator of HBV replication mediated by HBV DNA polymerase.
This drug inhibits viral polymerases and terminates the growing DNA
chain by acting as a competitive inhibitor of deoxyadenosine 5'-
triphosphate (dATP). Because ADV diphosphate lacks a 3’ hydroxyl
group, the compound causes premature termination of viral DNA
synthesis upon its incorporation into the nascent DNA chain. ADV is
active against HBV, DHBV and woodchuck hepatitis virus (WHV) in
cell culture models and against chronically infected animals. This
agent also has some immunomodulatory activity and stimulates
natural killer activity.
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Figure 2: 9-[2-[bis[(pivaloyloxy)methoxy]phosphinyl]methoxy]-ethyl]adenine
(ADV).

ADV is active in vitro against all known lamivudine,
emtricitabine, famciclovir and HBIG resistant HBV, using both cell
culture and enzyme assays. Resistance to ADV is remarkably delayed
in patients with chronic hepatitis B. Recently, a novel N236T mutation
was reported in two anti-HBe-positive patients after 96 weeks of
treatment, which was not detectable after one year of treatment. This
mutant showed lowered susceptibility to adefovir. The mutation does
not share cross resistance with lamivudine. Sequencing of the RT
domain of the HBV polymerase has suggested that two mutations, i.e.
rtN236T and rtA181V confer resistance to ADV. These mutants
remain sensitive to lamivudine, emtricitabine, telbuvidine, and
entecavir [7, 8]. Life table analysis has suggested a cumulative
incidence of 3.9-5.9% (in naive patients) after three years of treatment.

The limited development of resistance with ADV could be related
to its close structural relationship with the natural substrate which
limits the potential for steric hindrance as a mechanism of resistance.
In addition, ADV contains a flexible acyclic linker that may allow it to
bind to HBV polymerase with different conformations, and thus,
further subvert steric hindrance [9, 10]. ADV also contains a
phosphonate bond that is less susceptible to ATP-mediated chain
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terminator excision, which has been recognized as a mechanism of
HIV resistance.

Following oral administration of single doses of ADV 10mg in
patients with chronic hepatitis B or healthy subjects, maximum ADV
concentrations in plasma occur a median of 0.76-1.75 hours after
administration. ADV may be taken once daily because of the long
terminal elimination half-life. In preclinical studies, evidence of renal
toxicity, characterized by renal tubular nephropathy, was noted in all
species evaluated. The efficacy of ADV has been investigated in
patients with compensated liver disease and evidence of HBV
replication; in patients who did not respond to lamivudine therapy,
including post-transplantation patients, patients with compensated and
decompensated liver failure and patients co-infected with HI'V.

Pivotal trials of ADV

Doses of 5-125mg/day have been assessed in the clinical development
program. In Phase I/II clinical studies in both HBeAg-positive and
HBeAg-negative patients with chronic hepatitis B, statistically
significant decreases in serum HBV DNA concentrations were
demonstrated within the first week of treatment, and were maintained
for up to 136 weeks. Data from previous studies indicated that daily
doses of 30mg/day after 24 weeks is associated with mild, reversible
nephrotoxicity (seen at higher doses in HIV studies) after the drug is
discontinued. Multinational double blind randomized placebo
controlled trials, in both HBeAg-positive and negative patients with
liver disease have been performed. The primary endpoint of these
studies was the quantitative assessment of histological improvement
after 48 weeks of treatment using the Knodell Histologic Activity
Index (HAI/Knodell) scoring score. Both necro-inflammatory activity
and fibrosis was more improved with ADV 10mg and 30mg than with
placebo (P<0.001). The pivotal phase III studies examined both ADV
10mg and 30mg to determine the dose with the best risk-benefit
profile. These studies were multinational, double blind, randomized,
placebo controlled trials, in HBeAg-positive and HBeAg-negative
patients with compensated liver disease, with evidence of active HBV
replication, who were not undergoing current treatment [11, 12]. In the
HBeAg-positive trial, 515 patients were randomized to one of three
arms: ADV 30mg/day, ADV 10mg/day or placebo. The primary
endpoint of this study was based on the quantitative assessment of
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histological improvement after 48 weeks of treatment using the
HAI/Knodell score [13]. Histological improvement was defined as a
reduction of 2 points or more from baseline in the HAI/Knodell, with
no worsening in the fibrosis score. Secondary endpoints in the study
were based on established methods to determine the virological
response (suppression of HBV replication based on the decrease of
serum HBV DNA) and biochemical response (defined by reductions
and normalization in ALT during therapy). HBeAg seroconversion,
defined as loss of HBeAg and appearance of anti-HBe, was also a key
secondary endpoint. Loss of HBeAg has been correlated with long-
term clinical improvement [2]. A daily dose of 10mg of ADV was
shown to have the best risk-benefit profile for long-term treatment.
This dose resulted in significant improvement compared to placebo:
improvement in liver histology (53% vs. 25%, P<0.001), reductions in
HBV DNA (3.52 vs. 0.55 log copies/mL, P<0.001), normalization of
ALT (48% vs. 16%, P<0.001), and HBeAg seroconversion (12% vs.
6%, P=0.049). There were no significant side-effects and no resistance
was found. As a result, 10mg of ADV is the recommended and
approved daily dose. Improved responses were seen in patients with
increased ALT [11]. An effect of ADV on cccDNA was observed in
treated patients, but the significance of these findings requires further
study. 10mg is the preferred treatment dose because of the favourable
risk-benefit ratio. In the large HIV trials an incidence of
nephrotoxicity of between 17% and 60% was reported. However, in
the two largest hepatitis B phase III trials involving 695 patients, no
clinically significant renal toxicity was found at the 10mg dose.

ADYV for lamivudine-resistant hepatitis B

ADV has been shown in vitro to be active against lamivudine-resistant
HBYV, [9, 14] and there are a number of reports of successful treatment
of lamivudine-resistant patients with ADV, particularly for post —
transplant recurrence of hepatitis B [15-18]. There does not appear to
be an advantage in continuing lamivudine after starting ADV in
patients with compensated liver disease if lamivudine resistance
develops. Rapid reductions in HBV DNA were observed within 4
weeks in all recipients of ADV, but the median changes from baseline
were not greater in those who continued lamivudine. Thus treatment
with ADV alone seems to be most effective in these patients, and there
is no long-term advantage of continuing lamivudine therapy in
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patients with YMDD mutations [19, 20]. Although it is safe to change
to ADV in patients with compensated liver disease, an overlapping
period before discontinuing lamivudine seems advisable in these
patients. However the effect of this strategy on subsequent emergence
of ADV resistance requires further study [9, 15, 21].

ADYV in liver transplant recipients

Recurrent HBV infection in the transplanted liver remains a major
problem. A retrospective study of liver transplantation in Europe
before lamivudine showed that patients with low levels of hepatitis B
replication at transplantation and those given long-term
immunoprophylaxis with HBIG had a reduced risk of recurrent HBV
infection and reduced mortality [22]. Lamivudine has further
improved these outcomes. Pre-transplant treatment with lamivudine
resulted in suppression of HBV DNA levels in 12 of 19 treated
patients [23, 24]. Currently both HBIG and lamivudine are used
prophylactically and recurrent HBV is now rare [25-27]. However,
cases associated with lamivudine-resistance are problematic, as
patients with recurrent post-transplant hepatitis B may develop
fibrosing cholestatic hepatitis, a manifestation of high levels of viral
replication in immunosuppressed patients [28, 29]. A study of 10
patients treated with lamivudine pre-liver transplantation for HBV
showed that there was a risk of lamivudine-resistant strains following
transplant [30]. In a post liver transplant study, lamivudine-resistant
patients all developed liver failure with liver dysfunction [31]. ADV
has proved to be an important antiviral drug in patients with
lamivudine resistance post-transplant. In an open label study 127 liver
transplant patients with lamivudine-resistant HBV were treated with
ADV 10mg [32]. Treatment resulted in a median 4 log;y drop in HBV
DNA concentrations at 48 weeks indicating the important role of ADV
as second-line therapy in patients who develop lamivudine resistance
in the peri-transplant setting. Care should be taken in patients with
pre-existing renal damage due to calcineurin inhibitors in liver
transplant patients.
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NEWER NUCLEOSIDE ANALOGS

Phase I and II trials with several new nucleoside analogs, including
entecavir, emtricitabine, clevudine (L-FMAU), and L-dT are in
progress.

a) Entecavir is a cyclopentyl guanine analog, which is an inhibitor of
all HBV polymerase functions. The drug is readily phosphorylated
to the active triphosphate form. It is a potent inhibitor of WHV, and
in humans with HBV at doses of 0.05-1mg. In phase II trials, 84%
of patients were negative for HBV DNA by bDNA assay after 24
weeks of treatment [33]. The drug is active against lamivudine
resistant variants and phase IlI trials are in progress.

b) Emtricitabine (FTC) is a cytosine nucleoside analog, with fluorine
at the 5 position. Pilot studies have shown that the drug causes a 2-
3 log reduction in HBV DNA at doses of 300mg in patients treated
for 8 weeks. In a 48 week phase II study, 61% of patients had
undetectable HBV DNA. Drug resistant mutants were reported in
6% of treated patients. Phase III trials are in progress.

¢) Clevudine (L-FMAU) is a pyrimidine nucleoside analog. Patients
have been treated in phase II dose escalating studies, and up to 3
log reductions in HBV DNA have been observed [34, 35].

d) Beta-L thymidine (telbivudine), valtorcitabine (Val LdC) and beta-
L-2'-deoxyadenosine (LdA) are small molecule inhibitors of HBV
DNA polymerase. These agents induce marked viral load reduction
in the woodchuck infected with WHV. Telbivudine (LdT) is a
specific and potent inhibitor of hepatitis B and is not active against
HIV or other viruses. Clinical trials are in progress in HBeAg-
positive patients at doses ranging from 25-400mg [36]; phase I
studies [37] have shown a dose dependent 2-4 log reduction in
HBV DNA after 4 weeks of treatment. A phase II trial testing
doses of LdT 400 or 600mg with or without lamivudine in HBeAg-
positive patients is in progress. An interim analysis of the results at
24 weeks indicates that LdT 400 and LdT 600mg result in 6 log
declines in HBV DNA (compared to a 4 log decline in HBV DNA
in lamivudine treated patients). Similarly, a phase III trial of the
efficacy of 600mg LdT vs. 100mg lamivudine in HBeAg and anti-
HBe-positive patients is in progress.
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At this time the long-term efficacy and safety of these new unlicensed
drugs and their role in the management of patients with HBeAg-
positive chronic hepatitis are being assessed. Patients with chronic
type B hepatitis require relatively long courses of treatment, and viral
resistance may emerge. The end-points of treatment must be carefully
evaluated. Combination treatments may become necessary in some,
but not all patients.
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Treatment of HBeAg-Positive
Chronic Hepatitis B with
Conventional or Pegylated Interferon

Solko W. Schalm, Harry L.A. Janssen

INTRODUCTION

Despite the introduction of an effective hepatitis B vaccine in the early
1980s, infection with hepatitis B virus (HBV) is not a problem to be
consigned to the past. Although the prevalence of chronic HBV is
relatively low in Western Europe and the United States, it is 2-7% in
southern and eastern Europe and 8-15% in Africa, some parts of Asia,
and the western Pacific. Chronic HBV infection currently affects an
estimated 400 million people, making it one of the world’s most
common infectious diseases, and it is among the world’s 10 leading
causes of death [1]. Unfortunately, the hepatitis B vaccine is not an
option for patients who are already chronically infected with HBV;
currently antiviral therapy is the only recourse [1].

The aim of this review is to provide practicing physicians with a
brief, pragmatic overview of current concepts regarding treatment
strategies in hepatitis Be antigen (HBeAg)-positive patients, the role
of interferon in the strategy and the potential of pegylated interferon
which is likely to be available for use in the near future.

245



Hepatitis B

NATURAL HISTORY AND PATIENT CLASSIFICATION

Chronic HBV infection is defined by the persistence of serum hepatitis
B surface antigen (HBsAg) for 6 months or longer and accounts for
most HBV-related morbidity and mortality. The onset of chronic HBV
is characterized by persistent HBV DNA, HBsAg, and HBeAg in
serum following infection. Patients with chronic HBV can be
classified according to several phases of viral replication and
immunologic responsiveness. When acquired in childhood, chronic
HBV starts with the “immune tolerance” phase. In this high-
replicative phase, HBeAg and high levels of HBV DNA are
detectable, but ALT is normal, histological activity is minimal, and the
patient is asymptomatic [2]. This phase may persist for 20-30 years.
The second phase, which typically occurs between ages 15-35, is
termed the “immune clearance” phase and is characterized by
declining rates of HBV replication, transient alanine aminotransferase
(ALT) elevation (hepatic flares), and hepatic necroinflammatory
disease and fibrosis. Transition to the third phase is marked by
seroconversion of HBeAg to HBeAg antibody (anti-HBe). Following
seroconversion, ALT levels usually normalize, and hepatic damage is
repaired. This third phase of “immune control” is characterized by
persistent serum HBsAg, undetectable HBeAg, HBV DNA
<10’ copies/mL and normal serum ALT and is now widely called the
“inactive HBsAg carrier state” [3].

The “inactive HBsAg carrier state” is usually associated with
disease remission for decades, but, according to recent observations,
mainly in patients with genotype A. In contrast, patients, particularly
those living in Asia and southern Europe and with HBV genotype B,
C or D, may develop reactivation of hepatitis with persistent or
intermittent ALT elevations; they remain HBeAg-negative while
simultaneously showing elevated levels of serum HBV DNA. This
fourth phase due to “immune escape” is known as chronic HBeAg-
negative HBV, this is the second of the two major forms of the disease
and is also potentially progressive [4].

It is also noteworthy that each year, 5-15% of patients with
chronic HBV seroconvert spontaneously [3]. By the time
seroconversion occurs, however, the disease will already have
progressed to cirrhosis in a proportion of patients [5], a fact that
provides an implicit rationale for intervention.
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DESIRABLE END-POINTS OF THERAPY AND TREATMENT
OPTIONS

Ideally, the objective of treatment in chronic HBV is complete viral
eradication. However, due to the difficulty of eliminating viral DNA
from affected hepatocytes, it is unclear whether this is an attainable
goal [6]. From a practical perspective, the main objective of
therapeutic intervention is to stop progression of disease-related liver
injury. This objective will be nearly achieved when the patient is
brought into and maintained in the “inactive HBsAg carrier state”,
characterized by persistent serum HBsAg, undetectable HBeAg, HBV
DNA <10’ copies/mL and normal serum ALT. The increasing
awareness that the disease may reactivate is changing the desired goal
of treatment to complete serologic resolution of chronic hepatitis B,
characterized by the additional clearance of serum HBsAg. After
HBsAg seroconversion reactivation is rare and the long-term outcome
is further improved [3, 6].

Various antiviral and immunomodulatory agents have been
evaluated for the treatment of chronic HBV. However, until 2004,
only interferon, lamivudine and adefovir have been judged to be
sufficiently safe and effective to warrant approval in most countries. In
the last year large randomized trials have been completed that
document the safety and effectiveness of pegylated interferon and
submission for regulatory approval of two forms of pegylated
interferon is currently ongoing. For the practicing physician it is
important to summarize the results of the trials performed in HBeAg-
positive chronic hepatitis B and to describe the advantages and
disadvantages of interferon-based therapy versus treatment with
nucleoside analogs.

INTERFERON

Interferons are potent, naturally occurring cytokines that have
antiviral, immunomodulating, and antiproliferative effects. Their
complex scope of activity is mediated through a variety of inhibitory
mechanisms that may affect most steps of viral replication. For many
viruses, inhibition of protein synthesis appears to be the major
inhibitory mechanism.

The predominant cause of viral persistence during HBV infection
is generally thought to involve a weak immune response to viral
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antigens. Immune tolerance to high viral burdens almost certainly
plays a key role in chronicity following neonatal acquisition of HBV,
but the specific basis for inhibited viral clearance in adult-acquired
disease is less well-defined. One of several abnormalities found in the
immunologic profile of patients with chronic HBV infection is
deficient production or attenuated response to interferon [7]. This,
coupled with the fact that some patients with chronic HBV respond to
exogenous interferon, provides the basis for clinical use of the agent.
The effects of natural interferon in the treatment of chronic HBV
infection were first reported in small studies in the late 1970s. The
recombinant product interferon has received extensive clinical use in
the treatment of chronic hepatitis B for at least a decade.

EFFICACY FOR SEROLOGIC END-POINTS

A 1993 meta-analysis of 15 well-controlled studies [8] is the most
frequently cited report on interferon in the treatment of chronic HBV.
The aggregate population described included 837 HBeAg-positive
adults with compensated liver disease who were treated with doses of
5-10MU three times weekly for 4-6 months. The primary indices of
efficacy were loss of HBsAg and HBeAg. In this meta-analysis,
interferon was associated with significant treatment effects on both
efficacy indices. A significant treatment effect was also shown for
normalization of ALT. Overall, loss of HBsAg and HBeAg in
interferon-treated patients was about 6% and 20% respectively more
frequent than that occurring spontaneously in the control group.

There is evidence that elevated ALT at baseline is an important
predictor of favorable response to interferon (Table 1).
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Baseline ALT Placebo (n=196) Interferont (n=68)
>1 x ULN 20/171 (11%) 14/66 (21%)
>2 x ULN 16/112 (14%) 11/42 (26%)
>3 x ULN 7/28 (25%) 4/10 (40%)

Table 1: Rates of seroconversion (loss of HBeAg + anti-HBe) with interferon-alpha at
week 52.

"Treatment duration=16 weeks

From Perrillo RP et al. [20].

Although interferon has been widely used in the treatment of
chronic HBV for more than a decade, the optimal treatment duration
remains uncertain. The typical recommendation is for a 16-week
course of 10MU three times per week. However, a recent European
Concerted Action on Viral Hepatitis (EUROHEP) study found that a
second 16-week course in patients who remained HBeAg-positive at
the conclusion of the first course produced a higher rate of
seroconversion compared to a control group who received no
additional treatment (28% vs. 12%, respectively; P=0.04) [9].

EFFICACY FOR CLINICAL END-POINTS

The long-term effects of interferon therapy on morbidity and mortality
are less well defined and are more controversial. Most studies
compared the survival of interferon treated patients with that of
untreated controls [10-14]. Three studies [10, 11, 13] found prolonged
survival and a decreased incidence of hepatocellular carcinoma or
complications in general after HBeAg clearance; in two studies [12,
14] this effect was not demonstrated. The difference between the
results of these studies may be explained by the limited follow-up or
the low rate of complications in general due to the inclusion of mainly
young patients with less advanced disease. In a recent study of 165
HBeAg-positive patients responders to interferon therapy were
compared to non-responders [15]. Response to treatment was defined
as HBeAg loss within 12 months after the end of therapy, thus
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separating interferon-induced responses from later spontaneous
HBeAg loss. Median follow-up was 8.8 years. Fifty-four patients
(33%) responded to interferon treatment. Relapse (HBeAg
reactivation) was observed in 7 (13%) responders. Loss of HBsAg
occurred in 52% of responders compared to 9% of the initial 111 non-
responders (Figure 1). Hepatocellular carcinoma was found in 8
patients, 6 of whom were non-responders and one relapser.
Multivariate analysis showed significantly improved survival and
reduced risk of developing hepatocellular carcinoma in responders.
These results provide further support that the response to interferon
therapy increases survival and reduces the risk of developing
hepatocellular carcinoma.

10 10 4
Responder

61 Responder

Non-responder

Non-responder

Proportion with seroconversion
Proportion with seroconversion

0.0 0.0
123 45678910 12345678910

Time from start of therapy (years) Time from start of therapy (years)

Figure 1: Time to HBeAg loss (A) and HBsAg loss (B) of responders to interferon
therapy compared to non-responders. Response was defined as loss of HBeAg within
12 months after the end of interferon therapy.
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STRENGTHS AND DRAWBACKS

The advantages of interferon are that treatment is given for a limited
time, viral resistance does not occur, and drug-induced seroconversion
is sustained in 80-90% of patients. Most importantly, response to
interferon is associated with clinically proven reductions in HCC and
increased survival [10, 11, 13, 15].

Interferon therapy is not without drawbacks. Interferon can only
be administered by subcutaneous injection. Moreover, doses of
5-10MU are usually associated with an acute influenza-like syndrome
that may include fever, chills, headache, myalgia, and gastrointestinal
disturbances. Tolerance to these effects develops in most patients, but
additional toxicities, such as depression and other central nervous
system (CNS) disturbances, thyroid dysfunction, and blood
cytopenias, may also occur. A large meta-analysis found that dose
reduction of interferon was required in approximately 20% of patients;
however, adverse events necessitated treatment withdrawal in only
about 5% [8].

Some evidence suggests that Chinese patients may have lower
rates of response to interferon than other groups [14]. However,
differences in variables predictive of response to interferon probably
play a role in the between-group differences attributed to race. For
example, HBeAg-positive Asians with high baseline levels of ALT
respond to interferon as well as other ethnic groups, but patients with
low baseline ALT tend to respond poorly to interferon regardless of
ethnicity [4]. However, in Asia many patients who acquire HBV
during the perinatal period have low ALT during the protracted,
immune-tolerance phase of the disease.

PEGYLATED INTERFERON

Pegylated versions of interferon were recently developed to address
the short plasma half-life of interferon. The covalently attached
polyethylene glycol moiety improved the pharmacokinetic properties
of the molecule [16], resulting in greater efficacy, a more convenient
once-weekly dosing schedule, and a similar safety profile in patients
with chronic HCV infections [17]. Pegylated interferon has already
been approved for the treatment of hepatitis C.
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Preliminary studies in patients with chronic hepatitis B infections
suggest that pegylated interferon will be more effective than interferon
in these patients as well.

In the first large randomized controlled trial published in 2003
[18], 194 patients with chronic HBeAg-positive hepatitis, who had not
been previously treated with interferon, were randomized to 3 doses of
pegylated interferon-alpha-2a given weekly by subcutaneous injection
or to conventional interferon-alpha-2a given three times weekly. The
treatment duration was 24 weeks, with a 24 week follow-up. At the
end of follow-up HBeAg was no longer detectable in 37%, 35% and
29% of patients receiving pegylated interferon 90ug, 180ug and
270ug, respectively, compared to 25% of patients on standard
interferon. Two patients on pegylated interferon cleared HBsAg
during treatment and remained negative for HBsAg to the end of
follow-up. ALT normalization at the end of follow-up was observed in
43%, 35%, and 31% of patients on pegylated interferon 90ug, 180ug
and 270pg, respectively, and in 26% of patients on standard
interferon.

Additional favorable outcomes were the low proportion of
patients who prematurely discontinued study medication (2% and 4%
for pegylated interferon and standard interferon, respectively). The
incidence of pyrexia, myalgia, severe fatigue, anorexia, insomnia and
dizziness was similar for pegylated interferon and standard interferon,
whereas headache, alopecia, nausea and diarrhoea were reported more
frequently in patients receiving pegylated interferon. Dose
modifications for laboratory abnormalities (usually neutropenia or
elevated ALT values) occurred in 22-30% of patients receiving
pegylated interferon vs. 10% of patients on standard interferon.

In patients with cirrhosis, adverse effects were not more
prevalent, whereas 54% of 13 patients receiving pegylated interferon
lost HBeAg (none of 4 cirrhotic patients on standard interferon had an
HBeAg response). Other baseline factors known to be predictive of
nonresponse (low ALT, high HBV DNA, genotype C) may also be
less important with pegylated interferon therapy, since the 10%
difference in response rates between pegylated interferon and
conventional interferon was maintained in all subgroups, according to
preliminary findings.

The conclusion that pegylated interferon is more advantageous
than conventional interferon is not generally accepted in view of the,
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according to the critics, low dose of conventional interferon used. It
should be noted that licensed dose regimens differ for different
interferons and different parts of the world; also, in retrospect, the
superiority of the commonly used schedule of 10MU t.i.w. is hardly
based on robust dose-response studies. When pharmocodynamics are
investigated, pegylated interferon appears to have a greater antiviral
effect than conventional interferon, at 4.5 or 10MU t.i.w. (Figure 2).

"""""" 4.5MIU interferon-alpha-2a
10MIU interferon-alpha-2b

— — — - 180pg pegylated interferon-alpha-2a (40KD)

Log,, HBV DNA (copies/ml)

Weeks

Figure 2: Pharmocodynamics of 180ug of pegylated interferon-alpha-2a compared to
two standard regimens of conventional interferon-alpha-2a and alpha-2b in chronic
hepatitis B. Note the steeper decline in serum HBV DNA levels in patients receiving
pegylated interferon (data derived from Cooksley [18] and the EUROHEP study
reported by Janssen [9]).

In a preliminary report from a second large trial [19], 266 patients
with HBeAg-positive chronic hepatitis B and serum ALT levels at
least twice the upper limit of normal, were randomized to pegylated
interferon-alpha-2b 100pg/week and lamivudine 100mg/day or
pegylated interferon-alpha-2b and placebo. Treatment was given for
52 weeks; however, the dose of pegylated interferon was reduced to
50pg at 32 weeks.
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About 80% of patients completed therapy on the full dose; and
dose reduction was about 10% in the first 8 weeks and another 10%
between week 8 and week 26; thereafter dose reduction was rare. Ten
percent of patients prematurely discontinued pegylated interferon,
mainly between weeks 0 and 32; and this percentage was similar to the
9% discontinuation rate with conventional interferon for 16-32 weeks
in 162 control patients participating in a multicenter randomized trial
comparing short- and prolonged interferon therapy between 1994-
1998. Psychiatric disturbances (3%: depression, psychosis),
cytopenias (1%: anemia, neutropenia, thrombocytopenia) and flu-like
syndrome (1%) were the causes with multiple discontinuations.

Thirty-five percent of patients receiving pegylated interferon lost
HBeAg after the end of follow-up and there was no difference
between the group receiving pegylated interferon alone and that
receiving pegylated interferon plus lamivudine. Response rates (loss of
HBeAg) varied by genotype: genotype A, 47%; genotype B, 44%;
genotype C, 28%; and genotype D, 25%.

Together, these studies in 501 patients with chronic hepatitis B
from both Asia and Europe suggest excellent tolerance of pegylated
interferon therapy up to 1 year. The verdict on increased efficacy in
comparison to conventional interferon awaits further study with
stratification for genotype.

DISCUSSION

Effective management of the millions of patients chronically infected
with HBV remains an important clinical objective. The introduction of
nucleoside analogs such as lamivudine and adefovir represents an
important advancement for tolerance, but questions persist about its
long-term efficacy compared to interferon. Given the controversy
about the durability of response and the significance of emergent drug
resistance with nucleoside analogs, it seems premature to dismiss
interferon-based treatment as an outmoded therapy. In fact, for many
patients interferon or pegylated interferon may be the first choice of
treatment.

Despite the success with interferon-based and nucleoside
analogue monotherapy in a proportion of patients with chronic HBV,
clinical and epidemiologic realities raise the question of how this
problem can be managed more effectively. From a long-term
perspective, one can speculate that the definitive treatment approach
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will be based on the discovery of the reason(s) why 5% of
immunocompetent adults exposed to HBV develop chronic infection,
whereas 95% do not. Further investigation is needed to determine how
immune control can be induced and - as important - can be maintained
in patients with genotypes B, C, and D. Given the high prevalence of
chronic HBV, clinicians who address this important disease need to
make the most of the various options at hand.
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Case Study in the Management of
Patients with HBV-Related
Decompensated Cirrhosis

Robert P. Perrillo

CASE

A 60 year-old Middle Eastern male with no prior history of chronic
hepatitis B is admitted to the intensive care unit in grade II
encephalopathy. He is found to be hepatitis B surface antigen
(HBsAg)-positive and hepatitis B Core antigen, antibody (Anti-HBc)
IgM-negative. His aspartate aminotransferase (AST) is 153, alanine
aminotransferase (ALT) is 90IU/L; bilirubin is 1.4mg/dL, and
international normalized ratio (INR) is 1.3. He has mild to moderate
ascites. He is hepatitis Be antigen (HBeAg)-negative but his hepatitis
B virus (HBV) DNA is pending. His blood urea nitrogen (BUN) is
34 and his serum creatinine is 1.5 (upper limit of normal 1.4). What
would you do?

(a) No treatment, wait for serum HBV DNA results

(b) Start lamivudine

(c) Start adefovir dipivoxil

(d) Begin evaluation for liver transplantation and start lamivudine
(e) Begin evaluation for liver transplantation and start adefovir
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Further studies become available. The patient’s HBV DNA is
found to be 3.2 x 10’ copies/mL by a commercially available
polymerase chain reaction (PCR). He is Anti-HBe-positive. His INR is
repeated (next day) and it is now 1.7. His serum creatinine is 1.6
despite hydration and colloid expansion. Would this change your
thinking about how to approach management?

(a) I would start lamivudine because of concerns about
nephrotoxicity with adefovir

(b) Iwould start adefovir as soon as the patient’s renal dysfunction
improves

(¢) I'would use adefovir knowing that I could adjust the dose
according to creatinine clearance as listed in the package
literature

(d) Iwould not worry about starting adefovir since he is unlikely to
have severe significant renal dysfunction

The patient is started on lamivudine. Six weeks later, he no
longer has encephalopathy, AST, ALT and serum bilirubin have
decreased to normal range, and serum HBV DNA has declined to
1.2 x 10* copies/mL. His serum creatinine has stabilized at 1.4, and the
patient’s INR is now 1.2.

The patient is maintained on lamivudine and does well for
11 months when his AST and ALT increase to 80 and 63, respectively.
Serum HBV DNA is now 2.5 x 10° copies/mL. Genotyping results
show lamivudine resistance (double mutant at positions 180 and 204).
His serum creatinine is 1.7. Creatinine clearance is 40mL/minute.
Now what would you do?

(a) Stop the lamivudine and start adefovir

(b) Add adefovir to lamivudine maintenance

(¢) Add adefovir and consider stopping the lamivudine after two to
three months

(d) Maintain the patient on lamivudine alone
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NUCLEOSIDE ANALOGS FOR PATIENTS WITH
ADVANCED CHRONIC HEPATITIS B

Nucleos(t)ide analogs reduce viral replication by competitive
inhibition of HBV DNA polymerase and are the preferred treatment
for patients with decompensated cirrhosis. They do not have any direct
immunologic activity and only rarely have been associated with flares
of aminotransferase levels [1]. Unlike interferon, these agents do not
suppress bone marrow function.

Lamivudine use in stable cirrhosis

Long-term data on lamivudine maintenance therapy for advanced
hepatitis B have recently been reported [2]. In a study with more than
600 patients with clinically compensated stage 4 or greater fibrosis
(Ishak score), lamivudine was compared to placebo in the ability to
prevent disease progression. In this study, lamivudine therapy (median
treatment exposure 32 months) was shown to significantly reduce
disease progression and the risk of hepatocellular carcinoma. In
addition, the presence of YMDD mutant HBV reduced, but did not
totally nullify the benefit of treatment.

Lamivudine use in decompensated cirrhosis

Lamivudine therapy has been a major breakthrough in the
management of patients with decompensated HBV-related cirrhosis
due to its potent inhibitory effects on HBV replication and its
excellent safety record [3]. Treatment with lamivudine monotherapy
before and after liver transplantation has provided proof of concept
that viral suppression often improves the clinical status of patients and
reduces the risk of recurrent infection after liver transplantation [4].
Lamivudine may also increase the likelihood of transplant-free
survival. Investigators at the University of California, San Francisco,
for example, have demonstrated that time to death or transplantation
was significantly longer (P<001) and transplantation was less frequent
(35% vs. 74%) in lamivudine treated patients compared to a historical
untreated cohort that was matched for age, sex, and baseline Child
Pugh status [5].

The major downside of lamivudine has been the high rate of
resistance when used for longer than one year, and this appears to have
greater clinical consequences in patients with diminished parenchymal
reserve. Accordingly, the timing of initiation of lamivudine treatment
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was a key issue in the past because patients with long waiting times
for liver transplantation might develop resistance while awaiting
surgery. Fortunately, this is no longer the case because patients with
lamivudine resistance can be treated with adefovir dipivoxil or
tenofovir isofumarate [6, 7]. HBV DNA and serum aminotransferase
levels often remain lower than baseline after the emergence of
lamivudine resistance, but without specific treatment histological
responses have been shown to eventually become blunted in clinically
stable patients [8]. Some reports suggest that progressive liver injury
and liver failure occur more commonly when drug resistance occurs
after liver transplantation, and this may be due to the viral enhancing
effects of anti-rejection therapy [9].

Adefovir dipivoxil use in stable or decompensated cirrhosis

This is an oral prodrug of adefovir, a nucleotide analog with antiviral
activity against both wild-type and YMDD mutant HBV. The
remarkable thing about this drug is that resistance is rare, occurring in
2% of patients after two years of continuous use and approximately
4% of patients after 3 years [10]. Adefovir (10mg) can be used safely
and effectively in patients with YMDD mutant HBV irrespective of
whether the patient has clinically stable cirrhosis, decompensated
cirrhosis or recurrent hepatitis B after liver transplantation (Figure 1)
[6, 11, 12]. The decrease in HBV DNA levels has been associated with
a favorable effect on Child Pugh status as well as improvement in
biochemical parameters of liver function.
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Figure 1: Virological and biochemical profiles of three groups of patients with
YMDD mutant HBV who were either maintained with lamivudine alone (¢) or
lamivudine and adefovir (ll and A). Group B patients (n=40) either had
decompensated cirrhosis or recurrent hepatitis B after liver transplantation. Group A
patients (n=94) were clinically stable.

Nephrotoxicity has been observed when adefovir is used in
higher doses (30mg or more) than is currently recommended for
hepatitis B (10mg). Thus, there may be some concern about the long-
term administration of this agent in patients with concomitant renal
dysfunction, particularly in patients who are treated after liver
transplantation. While dose reduction according to the package insert
based on creatinine clearance is advised, it is not known if this
interferes with the ability of the drug to maintain viral suppression. In
a recently reported study in which 324 patients were treated with
adefovir before or after liver transplantation, changes in renal status
were confirmed in 13% of patients [6]. Most of these patients had pre-
existing renal dysfunction or were taking potentially nephrotoxic
medications, however, making it difficult to attribute the change in
renal function to adefovir therapy.
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Other agents

There are several nucleoside analog drugs under development that
have antiviral activity against YMDD mutant as well as wild type
HBV [13]. Early clinical trials with entecavir look promising [14]. As
this nucleoside has no known nephrotoxicity, it may play a
particularly important role in the future management of renally
compromised patients with lamivudine resistant HBV. Tenofovir is a
drug which is chemically related to adefovir but is considerably less
likely to be nephrotoxic at the effective dose (300mg). It may have
even greater antiviral efficacy against lamivudine resistant HBV than
adefovir [7]. Recently, the author treated a decompensated cirrhotic
patient with tenofovir. The patient had marked improvement (Child
Pugh C conversion to A) after just 4 months of therapy, and continued
to do well with maintenance therapy (Figure 2). It is clear that in the
relatively near future a number of therapeutic options will become
available for lamivudine resistant patients with decompensated
cirrhosis.
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Figure 2: Virological and biochemical events in a 39 year-old nurse with
decompensated cirrhosis due to HBeAg-positive chronic hepatitis B. The patient had
been formerly treated successfully with lamivudine for two years and had stopped
taking this nine months earlier. At the time of the reactivated hepatitis, lamivudine
was restarted unsuccessfully. The patient continued to worsen and was started on
tenofovir because adefovir was not yet available. Within 4 months, the patient had
dramatic virologic, biochemical, and clinical improvement, going from Child Pugh C
to A status. The patient died of unrelated causes two years later.

CASE DISCUSSION

There are several reasons to have instituted nucleoside analog therapy
in the current case. First and foremost, is the potential for clinical
stabilization. Despite the patient’s severe encephalopathy he had a
relatively low MELD score (15) upon presentation and was likely to
be transplanted several months or more in the future. This interval
provided time for continued viral suppression and clinical
improvement. The literature supports the concept that the degree of
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clinical improvement may reduce the need for transplantation [4, 6].
The second reason for treatment with a nucleoside analog is reduction
in risk of recurrent hepatitis B. Lamivudine has been shown, for
example, to reduce the risk of recurrent hepatitis B infection by
approximately 40% [4]. Thus, the key question in the current case is
not whether to use nucleoside analog therapy but which one to use as
initial therapy? The emerging renal dysfunction in this patient makes
lamivudine a better initial choice than adefovir. Tenofovir would also
have been a reasonable (although more expensive) choice for first line
therapy due to a lack of nephotoxicity at the 300mg dose, low
resistance profile, and the probable need for long-term antiviral
suppression in this patient with HBeAg-negative chronic hepatitis B.

Once resistance to lamivudine develops, as in this case,
lamivudine should be continued in combination with a second
nucleotide like adefovir or tenofovir. This is based upon the
observation that a significant number of such individuals will have an
ALT flare which is probably due to rapid emergence of wild type
HBV. In one study in which lamivudine resistant patients received
adefovir monotherapy, 37% of patients had an ALT flare of 5-10 times
the upper limit of normal soon after discontinuing lamivudine [15].

Such flares have not been observed when patients are maintained
on adefovir in combination with ongoing lamivudine maintenance
therapy [12, 15].

CONCLUSIONS AND PERSPECTIVES

Cirrhosis due to infection with HBV is associated with decreased
survival, but interferon can be dangerous in patients with relatively
mild hepatic decompensation and should not be used once liver failure
has emerged. Treatment of patients with advanced hepatitis B has been
made simpler and safer with nucleoside analog therapy. Lamivudine
resistance can be overcome with adefovir, but the potential for
nephrotoxicity may make it difficult to use this agent in patients who
are renally compromised. In the future, the development of alternative
nucleoside analogs with greater antiviral potency, a low rate of viral
resistance, and even better safety profiles will further improve our
options in treating these seriously ill patients.
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Treatment of HBeAg-Negative
Chronic Hepatitis B with
Nucleoside/Nucleotide Analogs

Stephanos J. Hadziyannis

INTRODUCTION AND HISTORICAL VIEW

Hepatitis Be antigen-negative/hepatitis Be antigen, antibody-positive
(HBeAg-negative/anti-HBe-positive) chronic hepatitis B (CHB) was
first identified in the early 1980s [1-3]. At that time, interferon-alpha
was not yet available, while several other drugs were tried in CHB and
proved to have little if any therapeutic benefit. In the mid 1980s, when
conventional interferon-alpha became available for HBeAg-positive
CHB, its efficacy was also evaluated in HBeAg-negative liver disease
[4]. Four small randomized controlled trials (RCTs) of a short duration
were performed in Greece and Italy, where this form of CHB prevails
[3-7]. Although high end-of-treatment (EOT) response rates were
achieved in these early studies, most patients who responded during
therapy, relapsed soon after interferon was stopped. Thus the overall
sustained response (SR) rate was not promising [3, 4]. These early
“negative” treatment results in a disease that was generally viewed as
atypical and rare [5, 6], discouraged pharmaceutical companies and
most - but not all - clinical investigators from further studies on
interferon-based therapies in HBeAg-negative CHB [8]. At the same
time molecular biology made an impressive entry in the field of viral
hepatitis and in 1989 replication competent hepatitis B virus (HBV)
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mutants harboring a novel pre-core stop-codon which abolishes
HBeAg production were discovered in patients with HBeAg-negative
CHB [9-11] and explained, on a molecular basis, how HBeAg (a
marker of HBV replication) can be negative despite ongoing HBV
replication. These observations stimulated further research on several
aspects of HBeAg-negative CHB, including epidemiology and
treatment [12-15]. At present its frequency appears to be increasing
worldwide [12-14] and in the Mediterranean area of Europe as well as
in France and Germany HBeAg-negative type CHB represents 65-
95% of newly diagnosed cases of CHB [12, 14, Hadziyannis. (in
press), M. Manns and P. Marcellin, personal communication].

Treatment of HBeAg-negative CHB with conventional interferon
alpha has continued in the 1990s in certain centers in Greece and Italy
and longer treatment periods and higher interferon doses have resulted
in an increase in the SR rate, in HBsAg loss in a number of patients,
and improvement in the life threatening complications of the disease
over the years [16-18]. Thus interferon-alpha was recently
recommended as a first line therapy for HBeAg-negative CHB by the
European Association for the Study of the Liver (EASL) and Asian
Pacific Association for the study of the Liver (APASL). Pegasys, a
more potent pegylated compound of interferon-alpha-2a [19], is now
under evaluation for efficacy, safety and tolerability in HBeAg-
negative CHB in a large, multicenter, one year phase III trial (see
chapters in this volume by P. Marcellin and F. Bonino). However,
interferon-based therapies may be only applicable in clinical practice
in patients with compensated liver disease and, even with the best
results, a high SR is not expected [8]. On the other hand the practicing
physician now has access to oral nucleos(t)ide analogs, a new class of
potent antiviral agents, [6, 8]. These agents have already been given to
most subsets of patients with CHB, saving lives and revolutionizing
the treatment of many individuals particularly with severe and
advanced forms of viral B liver disease both in the pre- and post-
transplant setting.

The nucleoside analog era in HBeAg-negative CHB started with
lamivudine in 1999 [20], adefovir dipivoxil was introduced in 2003
[21], now includes entecavir [22], telbivudine [23-24] and other
compounds (see chapter by R. Esteban). The first two nucleos(t)ides
have already been approved for the treatment of CHB in the USA,
Europe and in most other parts of the world; entecavir has completed
Phase III registration trials and telbivudine is currently under
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evaluation in phase III pre-registration trials. The aim of all analogs is
the suppression of HBV replication by treatment courses of finite
duration (6 months to 2 years). However short-term treatment courses
with nucleoside analogs in HBeAg-negative CHB have been extended
to maintain effective HBV suppression by long-term and possibly
indefinite administration without the development of viral resistance
[26-27].

In this article the efficacy, safety, tolerance and other aspects of
short- and long-term anti-viral therapy with the two approved
(lamivudine and adefovir dipivoxil) and other non-yet approved
nucleos(t)ide analogs in the various subsets of patients with HBeAg-
negative chronic viral B liver disease will be critically reviewed. Some
evidence-based recommendations for therapeutic decision making in
clinical practice and of treatment strategies in the various settings of
HBeAg-negative chronic HBV infection and/or of liver disease are
also mentioned.

GENERAL REMARKS ON NUCLEOS(T)IDE ANALOGS IN
CHRONIC HEPATITIS B AND THEIR MODE OF ACTION

In the past few years several agents mimicking the structure of natural
nucleosides have been synthesized chemically. They are generally
referred to as nucleoside analogs but some are already phosphorylated
to their triphosphate counterparts and are therefore now specifically
defined as nucleotide analogs. Nucleoside analogs can be produced in
their natural D- but also in the unnatural L-configuration e.g. L-
deoxythymidine (LDT), and therefore they are also referred to as
enantiomers [6].

When nucleos(t)ides are incorporated into newly synthesized
DNA of HBV, they cause chain termination, thus inhibiting viral
replication. Some nucleoside analogs competitively inhibit the
polymerase of HBV either in its reverse transcriptase activity
(synthesis of HBV DNA from the pregenomic HBV RNA transcript)
or in its DNA-dependent DNA-directed activity (synthesis of the
positive DNA strand within core particles). Theoretically, nucleoside
analogs could also inhibit the amplification and replenishment of the
pool of covalently closed circular DNA (cccDNA) in the nuclei of
already infected hepatocytes as well as its formation in newly infected
cells. This activity has recently been well documented in congenitally
infected ducks treated by a combination of lamivudine and a
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deoxyguanosine pro-drug and has been found to be dependent on the
cell cycle phase [6, 25].

Despite the potency of several oral nucleotide analogs against
HBYV and the supposedly low rate of viral resistance even after long-
term administration, none has been found to posses the properties and
clinical characteristics of an ideal anti-HBV agent. In fact few, if any,
HBeAg-negative CHB patients treated with finite courses of
nucleoside achieve sustained virologic and biochemical remission [12,
27]. Thus, the present goal of treatment of HBeAg-negative chronic
viral B liver disease with already approved and newer nucleoside
analogs is effective and continuous suppression of HBV replication
without the development of viral resistance based on various long
lasting or even indefinite regimens [12, 26-28].

PREREQUISITES FOR INITIATING TREATMENT IN
HBEAG-NEGATIVE CHRONIC HEPATITIS B

A number of criteria must be met concerning the diagnosis,
differential diagnosis and severity of liver disease before initiating
treatment of HBeAg-negative chronic viral B liver disease.

Safe diagnosis

For a diagnosis of HBeAg-negative CHB to be made, patients must
have chronic HBV infection with documented HBsAg seropositivity
and HBeAg negativity (usually positivity of anti-HBe as well) for at
least 6 months, preferably one year; persistent or intermittent
elevations in alanine aminotransferase/aspartate aminotransferase
(ALT/AST) activity, detectable serum HBV DNA exceeding 105
copies/mL at least once in the last 3 month period and >grade 3
necroinflammation on liver biopsy [3, 4, 12, 13, 29]. Other
concomitant or superimposed causes of liver disease should also be
absent.

Differentiation from the inactive HBsAg carrier state

The serological profile of HBeAg-negative CHB i.e.
“HBsAg(+)/HBeAg(-)/anti-HBe(+)” is identical to that of the inactive
HBsAg carrier state. Moreover, several patients with HBeAg-negative
CHB exhibit an intermittent rather than a continuous pattern of
biochemical activity, sometimes with quite long-lasting intervening
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periods of biochemical and even virologic remission [30, 31]
mimicking the inactive HBsAg carrier state. Therefore, differentiation
between these two conditions may require follow—up [30-32]. In
studies with frequent assays of ALT/AST and of serum HBV DNA
levels, major fluctuations in viremia and serum aminotransferase
levels have been observed in more than 40% of untreated HBeAg-
negative CHB cases [10, 30-31]. In this context an arbitrary serum
HBV DNA level of 10° ¢cP/mL has been suggested as a cut-off point
for differentiation between patients with HBeAg-negative CHB and
inactive HBsAg carriers [7]. However, several patients with HBeAg-
negative CHB may have serum HBV DNA levels below 10° cP/mL at
certain moments [32, 33]. According to our data, 20-30% of patients
with histologically documented HBeAg-negative CHB, first present
with normal ALT levels and low HBV DNA values below the cut-off
level of 10° and even of 10* copies/mL, and may initially be
misclassified as inactive HBsAg carriers [29, 30]. Thus,
HBsAg(+)/HBeAg(-) individuals should be followed-up clinically,
have frequent ALT assays and in case of increasing ALT levels be
further tested for serum HBV DNA levels and considered as possible
candidates for anti-viral therapy [26].

Severity of liver disease

Untreated HBeAg-negative CHB often runs a progressive course
frequently terminating in cirrhosis and portal hypertension, liver
failure and/or hepatocellular carcinoma [3, 34, 35]. On the other hand,
patients with histologically minimal or mild HBeAg-negative liver
disease and usually minimal ALT elevations may run a non-
deteriorating or a very slowly progressive course, never reaching
cirrhosis. Thus, considering the cost of long-term nucleos(t)ide analog
therapy and the frequent development of viral resistance, at least with
lamivudine treatment [21, 29, 36-38], the decision to treat or not to
treat patients with HBeAg-negative CHB should be based on liver
histology [26, 27, 29, 39]. Thus, in patients with minimal or mild liver
disease, initiation of treatment is not usually recommended unless
serum chemistries and liver necroinflammation/fibrosis deteriorate.

Previous treatment with interferon

In the absence of overt cirrhosis, patients with HBeAg-negative CHB
may first be treated with an interferon course of a finite duration [7, 8,
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31], probably pegylated interferon-alpha-2a for one year [41], thus
providing a chance for sustained remission. If patients fail to respond
to a first or second course of interferon treatment, if they are reluctant
to be treated or retreated by interferon, if their liver disease has already
advanced to de-compensated or clinically overt cirrhosis or if
interferon is contraindicated for any reason, then long-term therapy
with nucleoside analogs unequivocally becomes the treatment of
choice.

GOALS AND END-POINTS OF THERAPY IN HBEAG-
NEGATIVE CHRONIC HEPATITIS B

In HBeAg-positive CHB, sustained seroconversion of HBeAg to anti-
HBe is considered to be a reliable end-point [7]. However, loss of
HBeAg and seroconversion to anti-HBe are not applicable to HBeAg-
negative/anti-HBe-positive CHB. Biochemical and virologic remission
during a course of therapy that is sustained after stopping treatment, is
considered to be a viable goal in approximately 25% of HBeAg-
negative patients treated by interferon [16-18]. In several such
responders, loss of HBsAg may also follow [16, 31]. Moreover, in
observational studies with long-term follow-up, a reduced risk of the
development of liver de-compensation and/or HCC, as well as
improved survival have been reported [17, 35]. However, the goal of a
sustained response is rarely if ever achieved with finite courses of
nucleoside analog therapy lasting for 1, 2 or even 3 years [13, 38].
Thus, very long-term or even indefinite nucleoside analog treatment to
maintain effective HBV suppression without viral resistance appears
to be the next therapeutic alternative in HBeAg-negative CHB [16, 26-
28]. It remains to be seen whether or not, at what frequency and with
which regimens and compounds, sustained virologic responses can be
achieved after stopping successful very long-term (for 5 and more
years) nucleoside analog therapy.

A NOTE ON THE DEFINITIONS AND VOCABULARY OF
RESPONSE TO TREATMENT

In both HBeAg-positive and HBeAg-negative CHB, virologic and
biochemical responses can be evaluated during therapy (on-therapy
responses) or after discontinuation of therapy (off-therapy or sustained
responses) [13, 42]. In particular, on-therapy responses may be
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subdivided into initial (achieved within the first months of therapy),
maintained (persisting throughout the course of therapy), and end-of-
therapy (evaluated at the end of a course of therapy with defined
duration) [42]. Biochemical responses are defined by decreases in
ALT/AST to the normal range, while virologic responses, preferably
evaluated by qualitative polymerase chain reaction (PCR) assays, are
arbitrarily considered to be achieved when serum HBV DNA levels
fall below 10° cP/mL [5, 7, 13]. In particular in HBeAg-positive CHB,
a virologic response also requires loss of HBeAg and seroconversion
to anti-HBe. Although serum HBV DNA levels of 10°cP/mL are
currently used in many definitions of a virologic response [7],
effective HBV suppression is probably achieved when serum HBV
DNA levels drop below 400cP/mL or even 200cP/mL which are the
cut-off levels of the Roche Monitor assay or of most in-house real
time PCR assays [43]. A response is defined as complete when a
biochemical and virologic response is accompanied by loss of HBsAg
[16, 42]. When virologic and biochemical responses are maintained
for several months, histologic improvement can also be demonstrated
and is usually being defined as a reduction of the necroinflammatory
Histology Activity Index (HAI/Knodell) score by >2 points without
worsening in fibrosis [7, 13].

TREATMENT OF HBEAG-NEGATIVE CHRONIC HEPATITIS
B WITH LAMIVUDINE (LAM)

Lamivudine (3TC or (-)-2°,3’-dideoxy-3’-thiacytidine), which was
begun for the treatment of CHB in the late nineties, is a safe drug with
rare and generally mild side-effects [44].

In patients with HBeAg-negative CHB, a 12-month course of
LAM at a daily dose of 100-150mg has been shown to provide initial
biochemical and virologic responses even by sensitive PCR assays in
more than two thirds of patients [20, 37]. Unfortunately, biochemical
and virologic relapses are observed in the vast majority of patients
after stopping a 12-24 month lamivudine course [45, 46]. Given its
excellent tolerability and safety profile, long-term treatment with
lamivudine could be an acceptable, beneficial maintenance therapy in
HBeAg-negative CHB. Unfortunately in clinical practice only 30-40%
of patients remain in remission after the third year of lamivudine
monotherapy without developing viral resistance [37, 38, 42].

275



Hepatitis B

Virologic breakthroughs under LAM monotherapy in CHB
usually develop after the first 6 months of treatment [45, 47] and if
therapy is extended their rate increases progressively, reaching
approximately 60% at the end of the 3rd year in both HBeAg—positive
and HBeAg-negative CHB [38, 45, 47]. Although several questions
were initially raised about the clinical significance of LAM resistance,
it is now quite clear that in patients with HBeAg-negative CHB its
development is almost invariably followed by increasing viremia
levels ending in biochemical breakthroughs [37], which ultimately
have an adverse effect on liver histology [47]. Breakthroughs may be
quite severe and this becomes of particular concern in patients with
advanced liver disease and cirrhosis since it may lead to liver
decompensation and death regardless of HBeAg status [38]. Finally it
should be noted that the LAM resistant mutation M204I, which
develops quite frequently in HBeAg-negative CHB patients of
genotype D [37, 47], also appears to be resistant to treatment with
some newer nucleoside analogs that are active against other LAM
resistant HBV strains [6, 22-24]; but fortunately it remains sensitive to
ADV (Hadziyannis S., unpublished).

Another disadvantage of lamivudine therapy for HBeAg-negative
CHB is that, as previously mentioned, no course of finite duration has
been shown to achieve sustained off-therapy responses in a sizeable
proportion of patients and that the optimal duration of therapy remains
currently unknown [38]. For example, it is noteworthy that most
Greek patients with HBeAg-negative CHB, who have discontinued
effective LAM therapy after 3-5 years duration have virologic and
biochemical relapses [SJ Hadziyannis. unpublished].

TREATMENT OF HBEAG-NEGATIVE CHRONIC
HEPATITIS B WITH ADEFOVIR DIPIVOXIL

Adefovir is an acyclic nucleotide analog with strong inhibitory activity
for HBV replication and other viruses [6, 48]. It is administered orally
in the form of its prodrug adefovir dipivoxil (ADV) and is
commercially available under the trade name Hepsera. ADV is
adefovir esterified with two pivalic acid molecules and has good oral
availability [49]. It is rapidly converted to adefovir in plasma and
tissues, has a plasma half-life of 5-7 hours and 90% of the drug is
excreted in urine within 24 hours [6]. After being transported
intracellularly by a receptor-based mechanism, adefovir is
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phosphorylated to its diphosphate form, which is an analog of
deoxyadenosine-5’-triphosphate but without a 3’-hydroxylic root.
Therefore, it results in competitive inhibition of DNA synthesis by
DNA polymerases and reverse transcriptases [50-51]. ADV has been
shown to have no significant interaction with other drugs [6, 51] and
the 10mg/day dose is very well tolerated with a safety profile similar
to placebo [21, 52]. A higher daily dose of 30mg was found to be
associated with an increased risk of renal damage without a significant
increase in efficacy [52]. Thus, the approved ADV dose for CHB is
10mg/day, which can be safely administered even in patients with
hepatic or mild renal impairment. However, dosing interval
adjustments are recommended for patients with creatinine clearance of
<50mL/min and in patients requiring hemodialysis [53-54].

ADV therapy was approved in 2002 for the treatment of all
subgroups of chronically HBV infected patients with active viral
replication and evidence of liver damage, who require therapeutic
intervention: patients with CHB or decompensated HBV cirrhosis or
HBV transplant patients, irrespective of HBeAg status and of the
development of LAM resistance.

Efficacy, safety and tolerance

ADV monotherapy, at a dose of 10mg once a day, has been evaluated
in a multicenter, randomized, double-blind, placebo-controlled trial
including 185 patients with HBeAg-negative [21]. ADV was
significantly more effective than placebo for all end-points. At 48
weeks, histologic improvement occurred in 64% of patients treated
with ADV compared to 33% of those treated with placebo (P<0.001).
ADV was also found to effectively suppress virologic and biochemical
activity, reducing HBV DNA levels by approximately 4 logs and
normalizing ALT in 72% of patients during the first 48 weeks of
therapy [21].

Long-term extension of this trial has provided further information
on the safety and efficacy of ADV therapy in HBeAg-negative CHB
[28, 39]. During the second and third year on-therapy biochemical and
virologic responses were maintained without any significant toxicity
[28, 39] and with infrequent and late development of viral resistance.
At the end of the second and third years of therapy, serum HBV DNA
levels were undetectable by PCR in 71% and 79% of ADV treated
patients respectively and ALT remained normal in 73% and 69% [28,
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39]. Liver biopsies performed at week 96 in a subset of the overall
cohort of this study suggested that an additional histological benefit is
obtained if the duration of ADV treatment is extended [28].

This ongoing trial on the course of HBeAg-negative CHB also
provided important information concerning results after stopping
ADV treatment. Approximately one fourth of the total patient
population in the trial (one third of the patients initially treated with
ADV) switched to placebo after the first year of therapy. Most of them
experienced biochemical and virologic relapses as well as reversal of
the histologic improvement obtained during the first year of active
treatment. Moreover, post-treatment flares in serum ALT levels were
seen in some patients after stopping ADV [28]. Although these events
were probably self-limiting and not associated with hepatic
decompensation, they nevertheless stress the need for careful
monitoring of patients who stop ADV therapy.

HBY resistance

There are two recognized ADV resistant HBV mutants, the rtN236T
and the rtA181V [40, 56]. The rtN236T mutation is the most frequent
and is associated with a selection of a novel asparagine to threonine
substitution at residue rt236 in domain D of the HBV polymerase. It
should be noted, however, that the incidence of ADV resistant
mutations is delayed and infrequent, with a cumulative probability of
0% after 48 weeks, 2% after 96 weeks and 3.9% after 144 weeks of
ADV therapy [39-40].

Patients developing the rtN236T mutation experience rebound in
HBV DNA of >1 log;y from nadir with an increase in ALT activity
[40]. The model structure of the reverse transcriptase of HBV suggests
that the side chain of the rtN236T mutant may have a more favourable
interaction with the gamma-phosphate of dATP compared to adefovir
diphosphate, thus providing selectivity against adefovir diphosphate
versus the natural substrate. The rtN236T mutation results in >60%
reduction in the replicative capacity of HBV, but it is susceptible to L-
deoxythymidine (LdT) and entecavir in vitro and fully susceptible to
lamivudine both in vitro and in vivo. The significance of the rtA181V
mutation is not clear and needs to be further characterized.
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Efficacy of ADV in patients with LAM resistance

ADV monotherapy is effective in all subsets of patients with
resistance to LAM [42, 57, 58] with similar antiviral efficacy against
all LAM resistant HBV mutants, as well as in cirrhotic and transplant
patients irrespective of their HBeAg status [59-63]. In 95 LAM
resistant CHB patients who continued to take this drug, virologic
responses at 48 weeks (defined as reduction in serum HBV DNA
levels to <10°cP/mL or >2 log,o) were observed in 85% (39/46) of
those who received additional ADV therapy and in only 11% of those
who received placebo (P<0.001). Normalization of ALT was achieved
in 31% and 6% of the cases respectively (P=0.002) [62]. In a large
study including 324 HBV decompensated cirrhotics (n=128) or
transplant patients (n=196) with resistance to LAM, the addition of
ADV resulted in a significant reduction in serum HBV DNA levels,
frequent normalization of liver function tests and improvement in
Child-Pugh score (>90% of patients in both cohorts) [61]. Similar
findings have also been reported in studies including fewer patients
[59, 60, 62, 63]. These observations have been further analysed and
commented on in relation to combination therapy both as an initial and
rescue treatment to optimize efficacy and avoid the problem of
multiple drug resistance [64-69].

The question of whether CHB patients with resistance to
lamivudine should be switched to ADV monotherapy (immediately or
after a period of concurrent LAM therapy) or receive long-term
combination therapy with ADV and LAM is still debatable, primarily
because of the high cost of combination therapy with oral nucleoside
analogs. However, in patients with severe liver disease the financial
cost should not be a criterion since the benefit can mean saving a life
[69].

TREATMENT OF HBEAG-NEGATIVE CHRONIC HEPATITIS
B WITH NEWER NUCLEOSIDE ANALOGS

Several nucleoside analogs are currently under evaluation for efficacy,
safety and tolerance in phase II and III trials either alone or in
combination in various types of chronic HBV infection including
HBeAg-negative CHB. Those in advanced pre-registration stages
and/or the most promising drugs appear to be entecavir, telbivudine,
emtricitabine, clevudine, and tenofovir [43]. Advantages of these
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newer compounds over LAM and ADV in the short- and long-term
treatment of CHB have been claimed on the basis of more profound
and more rapid [6, 55] suppression of HBV replication. However, the
actual frequency of HBV resistance during long-term administration
of the newer nucleoside analogs is still unknown; but a resistance
threshold as high as that of adefovir cannot be really expected.
Moreover the resistance profile of most new nucleoside analogs does
not appear to be much different from that of LAM, and, therefore,
cross-resistance in the treatment of lamivudune failures should be
anticipated. Finally the antiviral efficacy of entecavir in LAM resistant
mutants has been reported to be associated with baseline YMDD
mutations [22] while telbivudine has been found to be inactive against
rt M2041 which is the predominant LAM mutant in HBeAg-negative
CHB genotype D [47].

CONCLUDING REMARKS

The combination of a high rate of HBV replication with a slow death
rate of HBV infected hepatocytes suggests that in chronic HBV
infection, long-term treatment with potent antiviral agents will usually
be required. This seems to be particularly true for HBeAg-negative
chronic hepatitis B where the success of finite courses of interferon-
alpha therapy has been limited [12, 13, 55] Treatment with the
currently available nucleoside analogs has clearly confirmed that this
is indeed the case. However, long-term nucleoside analog treatment,
though initially quite effective in most HBeAg-negative patients, now
faces the problem of a progressive decrease in efficacy because of the
development of high rates of HBV resistance. In HBeAg-negative
CHB patients, long-term monotherapy with lamivudine the first oral
nucleoside analog approved for the treatment of HBV infection, only
remains effective for more than 3 years in 30-40% of treated patients.
Virologic and biochemical breakthroughs during long-term LAM
treatment in HBeAg-negative CHB, destroy the benefit gained during
the earlier periods of treatment. Moreover, such breakthroughs and
relapses can be quite severe and even life threatening, particularly in
patients with advanced liver disease and overt cirrhosis, thus raising
major concerns on the suitability of long-term LAM therapy in such
clinical settings. Long-term monotherapy with adefovir dipivoxil
(ADV, Hepsera), the second nucleoside analog approved for the
treatment of hepatitis B, is effective in more than two thirds of
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HBeAg-negative patients with CHB at least for the first 3-4 years with
rare and delayed appearance of HBV resistance . Moreover it has been
shown to be effective against both wild type and LAM-resistant HBV
strains as well as against all HBV genotypes either with a positive or
negative HBeAg phenotype [65]. Currently the high cost of ADV
remains its major drawback, otherwise it would already have
completely replaced the use of LAM in most parts of the world and in
all settings of HBeAg-negative chronic viral B liver disease. However,
based on the lessons learnt for the treatment of HIV infection,
practicing clinicians know that the use of “monotherapy” with any
nucleoside analog is not the best way for a long-term/indefinite
suppression of HBV replication. Combinations of drugs with
complementary mechanisms of antiviral activity and different HBV
resistance profiles [66, 67] (such as adefovir or tenofovir in
combination with telbivudine or entecavir or lamivudine or
emtricitabine) may soon prevent the development of HBV resistance
and/or induce sustained virologic responses.
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Hepatitis Be antigen, antibody (Anti-HBe)-positive chronic hepatitis B
was first described and characterized in patients in the Mediterranean
basin, where about 20% of hepatitis B surface antigen (HBsAg)
carriers with antibody to hepatitis B “¢” antigen (HBeAg) showed
detectable serum levels of hepatitis B virus (HBV) DNA by
hybridization assays and intrahepatic necro-inflammation [1, 2]. These
patients are infected with HBV variants with mutations in the pre-core
region which hamper HBeAg production. The G to A mutation at
nucleotide 1896 of the pre-core region is the most commonly
described [3, 4]. Liver disease runs an indolent course for 3-4 decades
reaching the stage of histological cirrhosis at a median age of 45 years
[5]; thereafter about 25% of patients progress to end-stage
complications within 10 years [5].

In recent years several reports have suggested a worldwide
increasing incidence of HBeAg-negative chronic hepatitis B [6, 7].
However, further virological and clinical studies are needed before the
disease is completely characterized and to understand whether it
shares common features with the anti-HBe-positive chronic hepatitis B
observed in Mediterranean patients, who are infected with HBV
genotype D, bearing the stop codon at nucleotide 1896 [8]. Because of
the progressive course of HBeAg-negative/anti-HBe-positive chronic

289



Hepatitis B

hepatitis B, interferon-alpha treatment was attempted as soon as the
drug became available for treatment of chronic HBV infection [9-12].
Most studies on interferon-alpha treatment of anti-HBe-positive
chronic hepatitis B were performed in Southern Europe [9-14] and
more recently a few reports have been published from Asia [15-17].

AIMS OF ANTIVIRAL TREATMENT AND MONITORING
CRITERIA

In chronic hepatitis B the aim of antiviral treatment is to cure liver
disease by sustained control of HBV infection. This occurs in steps:
inhibition of viral replication, HBeAg to anti-HBe serocoversion and
eventually clearance of HBsAg and seroconversion to anti-HBs [6,
18]. Since HBsAg to anti-HBs seroconversion occurs months or years
after control of HBV replication it cannot be used as a short-term
marker of response to treatment [19, 20]. Therefore, in HBeAg-
positive patients, HBeAg to anti-HBe seroconversion is considered to
be the hallmark of successful control of HBV replication and it is used
to monitor response to antiviral treatment. In anti-HBe-positive
chronic hepatitis B, however, HBeAg to anti-HBe seroconversion has
already occurred and a general consensus on alternative criteria to
monitor treatment has never been reached.

In addition, anti-HBe-positive chronic hepatitis B has various
profiles characterized by major fluctuations of both viremia and
alanine aminotransferase (ALT) levels (HBV DNA can fall below the
105 genomes/mL and ALT may be temporarily normal) in >50% of
patients [5, 6]. This prevents a precise diagnosis of the disease or
disease relapse when the detection limits for HBV DNA are 105-106
genomes/mL, unless surrogate markers of HBV induced liver damage
(anti-HBc IgM) and stringent monitoring criteria are used [5]. These
factors have significantly contributed to the different response rates to
interferon-alpha therapy reported in the literature [21].

INTERFERON-ALPHA SCHEDULES AND EVALUATION OF
EFFICACY

Two different treatment strategies have been used for anti-HBe-
positive chronic hepatitis B. Between 1986 and 1990, when interferon-
alpha was first introduced for treatment of chronic hepatitis B,
medium-high doses (5-10MU) of recombinant or lymphoblastoid
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interferon-alpha were given for 16-24 weeks, at the same schedules as
for chronic HBeAg-positive hepatitis B [9-13, 21]. Thereafter, longer
treatment courses (12-24 months) were attempted with medium
interferon-alpha doses (5-6MU) [14, 22-24]. Therefore, to assess the
efficacy of interferon-alpha and its impact on disease outcome, the
duration of treatment must be considered in addition to factors such as
disease variability and the different monitoring criteria in different
studies.

On-treatment-response (OTR)

OTR has been described as being associated, independently of the
interferon-alpha schedule, with a progressive decrease in serum HBV
DNA levels, in parallel with a slower ALT decrease [9-11, 22]. ALT
flares, such as those described in HBeAg-positive responders during
month 2-4 of treatment, have only been described in one study, where
serum HBV DNA clearance in 42% of responders was preceded by an
ALT flare at least 2 times above the median pre-treatment value [12].

End-of-treatment-response (EOTR)

EOTR (Figure 1) occurs in 57-90% of treated patients, when defined
as a decrease in HBV DNA levels to below 1-10pg/mL and normal
ALT at the end of treatment [9-13]. A lower EOTR rate (38%) was
only described in one study that had more stringent criteria (HBV
DNA <lpg/mL and normal ALT in the last 6 months) despite the
longer treatment course of 24 months [14].
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Figure 1: End of treatment response in 5 randomized controlled studies [9-12, 14].

At 12-24 months post-treatment relapse rates of 25-89% were
observed [9-14, 21]. This marked variability appears to be influenced
by at least 3 factors: 1) criteria used in the post treatment follow-up; 2)
duration of treatment; and, 3) heterogeneity of the population.

As mentioned above, there is no general consensus for
monitoring criteria (parameters and frequency) during post-treatment
follow-up.

This issue was addressed in a multicenter study in 72 patients
who were followed for 18 months after treatment by monthly
monitoring of ALT, HBV DNA and anti-HBc¢ IgM [21]. The authors
showed that the most pertinent criteria was the monthly monitoring of
ALT and detection of anti-HBc IgM every 3 months. Measurement of
ALT and anti-HBc IgM every 3 months also had an acceptable
diagnostic accuracy, but was slightly less sensitive (Figure 2). In
comparison, HBV DNA was less useful in the identification of relapse
patients, mainly due to the detection limits of hybridization assays.
Future studies should investigate the diagnostic accuracy of
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polymerase chain reaction (PCR) based assays, possibly defining
clinically relevant viremia levels.

P=0.003, 95% CI 0.087-0.359
40% - P=0.069, 95% CI 0.005-0.293
31 29.9
30%
£
o 20% 4
K 16.4 16.4 16.4 16.4
10% A 9.0 9.0
0%
ALT ALT ALT ALT/HBV DNA
HBV DNA HBV DNA anti-HBc IgM
O ALT one time point anti-HBc IgM
O ALT monthly

Figure 2: Rate of SR after 12-month post treatment follow-up according to different
monitoring criteria [21] HBV DNA and anti-HBc IgM were measured every 3
months.

Duration of treatment

Available data suggest that the longer the treatment, the higher the
sustained response (SR) rate. Sixteen to twenty four weeks of
treatment is associated with relapse rates of 50-89%. The mean time
until relapse was 6 months, with >90% of relapses occurring within
the first year of follow-up, when monthly monitoring was begun.

A hepatitis relapse was associated with an ALT flare-up in 50-
86% of patients [9-11, 13, 21]. Three studies report persistent
clearance of viral replication markers and biochemical remission after

293



Hepatitis B

the hepatitis relapse, suggesting a possible “second intention” disease
resolution [9, 11, 13, 21].

Interestingly, the only study with a short course of interferon-
alpha that resulted in a lower relapse rate (37%), was also the only
study to report the unusual association of ALT flares with treatment
response [12]. This suggests a possible patient selection bias as well as
the heterogeneity of the anti-HBe-positive patient population.

Data from a study with 24 months of treatment show a relapse
rate of only 25% at 22 months median follow-up [14]. A longer
follow-up (54 months) of 101 patients treated with the same schedule
showed a slightly higher relapse rate of 35% [23]. These data confirm
the results of a multivariate analysis of 216 patients showing a 1.64
times greater probability of sustained remission in 12-month courses
compared to shorter treatment [22]. All results suggest that longer
treatment increases the remission time and the rate of sustained
response.

Overall the sustained response rate after 2-4 years of follow-up is
10-15% in patients treated for 4-6 months (usually with 9-10MU of
interferon-alpha), 22% and 30% when SMU of interferon-alpha were
given for 12 and 24 months. Despite frequent temporary remissions,
untreated patients very rarely resolve their liver disease. In the only
study where a significant number of untreated patients showed a
sustained remission (10% after 6 months, 17% after 18 months), a 6
month treatment also resulted in an unusually high rate of sustained
response of 53% [12].

During post-treatment follow-up (median 4.5-7 years) 31.6-
66.6% of sustained responders lost serum HBsAg, followed by anti-
HBs seroconversion in 50-77% [5, 22-24]. Interestingly, >50% of
patients who cleared serum HBsAg had HBV DNA levels
<400 copies/mL compared to 25% of sustained responders who did
not clear HBsAg [22], suggesting a better control of HBV replication
in patients who clear HBsAg.

LONG-TERM IMPACT OF INTERFERON-ALPHA
TREATMENT

Long-term studies to evaluate the effect of interferon-alpha therapy on
disease outcome should analyze the early and late phase of the disease
separately, as many factors, including treatment, may vary during the
prolonged course of the disease. In addition, the heterogeneity of
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criteria used to monitor patients and to define response to therapy may
make it difficult to compare results from different studies.
Furthermore, all existing studies with an untreated control group were
not randomized; thus the data should be interpreted with caution. Thus
far the impact of interferon-alpha on the progression of anti-HBe-
positive chronic hepatitis B has been analyzed in 3 studies that
followed 669 patients (413 treated, 256 untreated) for 4.5-6 years [5,
23-24].

Disease progression and terminal events were reduced 2.5 times
in one study that defined a sustained response as persistently
undetectable HBV DNA (<10pg/mL) and normal anti-HBc IgM as
well as normal ALT after interferon-alpha treatment, independent
from the response [5]. None of the long-term responders showed
disease progression, which did occur in 20% of relapsers or non-
responders. This difference was not statistically significant, because of
the low rate of SR (14.6%). interferon-alpha helped reduce the
progression of chronic hepatitis to cirrhosis and the occurrence of end-
stage complications in patients with cirrhosis [5]. Improved long-term
outcome and reduction of liver-related morbidity has been confirmed
in biochemical [24] as well as biochemical and virological [23]
sustained responders in the other 2 studies. The impact of treatment on
the development of hepatocellular carcinoma (HCC) is unclear [23,
24]. The cumulative analysis of available data [5, 23, 24] indicates that
3/102 sustained responders (2.9%) developed HCC compared to
27/311 (8.7%) patients with relapse or no response (P=0.086, chi
squared test 2.954). Therefore, studies in larger cohorts of patients
with adequate follow-up and stratification by diagnosis at baseline
(chronic hepatitis and cirrhosis) are needed to determine if interferon-
alpha reduces the incidence of HCC by slowing the progression of
chronic hepatitis to cirrhosis or by interfering with oncogenic
mechanisms in patients with cirrhosis.

FACTORS INFLUENCING DISEASE OUTCOME AND
PREDICTING RESPONSE TO INTERFERON-ALPHA

When factors influencing the progression of disease were evaluated by
multivariate analysis, older age was predictive of the worst outcome in
treated and untreated patients [5, 24]. In addition, when chronic
hepatitis and patients with cirrhosis were analyzed separately, high
levels of viral replication (more frequently observed in patients with a
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persistent biochemical disease profile) and steatosis were associated
with progression of chronic hepatitis to cirrhosis. Flares of anti-
hepatitis B Core antigen, antibody (HBc) IgM levels, a hallmark of
hepatitis B exacerbation, were associated with progression of cirrhosis
to end-stage complications [5].

Factors predicting an interferon-alpha response are not well
defined. In a pilot study, starting therapy when levels of Anti-HBc
increase were associated with a higher sustained response rate [25].
Recently, a larger study showed a correlation between a high sustained
response, high anti-HBc IgM levels and undetectable HBV DNA [23].
In addition, when baseline HBV DNA levels were measured by
quantitative PCR, median baseline levels were significantly lower in
sustained responders [22]. These findings suggest that starting
treatment immediately after a hepatitis flare may increase the chance
of a sustained response. During treatment an early virological and
biochemical response was associated with a 3.45 times higher
probability of a sustained response [22].

TREATMENT WITH PEGYLATED INTERFERON

A recent, large, multicenter study that investigated both the efficacy
and safety of pegylated interferon-alpha-2a (40kd) with and without
lamivudine versus lamivudine alone resulted in significantly higher
post-treatment response rates in patients treated with pegylated
interferon-alpha-2a than in those treated with lamivudine [26, 27].
Patients received pegylated interferon-alpha alpha-2a 180pg once-
weekly plus oral placebo (n=177); pegylated interferon-alpha-2a
180ug once-weekly plus lamivudine 100mg daily (n=179); or
lamivudine 100mg daily (n=181) for 48 weeks, with a 24-week,
treatment-free follow-up. After 24 weeks of follow-up, the percentage
of patients with either ALT normalization or HBV DNA <20,000
copies/mL was significantly higher with pegylated interferon-alpha
alpha-2a monotherapy (59% and 43%, respectively) and pegylated
interferon-alpha-2a plus lamivudine (60% and 44%) than with
lamivudine monotherapy (44% and 29%; P<0.01). HBsAg loss was
seen in 12 patients who received pegylated interferon-alpha-2a (alone
or in combination) and in none of those receiving lamivudine.
Reported adverse events were as to be expected for lamivudine and
interferon-alpha-based therapy. The addition of lamivudine to
pegylated interferon-alpha-2a did not alter the pegylated interferon-
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alpha-2a safety profile over the 48-week treatment period.
Interestingly, compliance (particularly depression rates) was much
better than previously reported for pegylated interferon-alpha-2a
(40kd) in patients with chronic hepatitis C. Pegylated interferon-alpha
alone or in combination with antiviral treatments could improve the
suppression of HBV replication or may result in a more effective
control of HBV infection.

CONCLUSIONS AND PERSPECTIVES

In conclusion, interferon-alpha is the standard treatment for anti-HBe-
positive chronic hepatitis B. However, optimization of treatment
schedules is necessary.

Early treatment appears to be indicated in patients with disease
profiles associated with faster progression. Interferon-alpha also
appears to reduce end-stage complications in patients with cirrhosis. It
is unclear at present whether interferon-alpha reduces the incidence of
HCC. Prospective studies are needed to answer this question.

Future studies should investigate the kinetics of both wviral
replication and immune response during combination therapy to assess
the antiviral and the immune-modulatory activity of interferon-alpha
[27]. In addition further studies are needed to investigate whether
treatment initiation after flares of transaminases increases the
sustained response rate and whether subgroups of patients (i.e.
infected with certain genotype) respond better to combination therapy
[27].
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