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PUtpoSeof review
This r~viewairnsto providea concise surnrnaryof rel~vant
develóprnentsí!l the treatrnentand preventionof vira!
hepatit!$based on publications between Decernber2D04
and Novernber2005.

Recent findings
Long-terrntherapywith lamivudinewas shownto reducetoe
inCidence.ofadverseclinical outcomes in patientswith
chronlc hepatitisB. This benefit was, however,diminished
in patientswithll.iral.breakthrough.Combinationtherapy
(peginterf~ronor telbivudineplus lamivudine)decreased
the risk olantiviral resistancebut did not improveresponse
comparedwith monotherapy.EnteGavirand teQPfovirWere
shóWnto be effective in suppressingtarnivudine-resistant
hepatitis B. A shorter duration of peginterferon ,ribavirin
treatment.Wa.sshown to be feasible in genotype 2/3
hepatitis C patients. Relapsersto. previoqsstandard
interferon-basedtherapyhad higheWsustalQédvirological
responserates than previousnomresponderswhen
retreatedwith peginterferon"'"riballirio.Hepatitis C patients
with advancedliver disease mayachievesustained
virologicalresponsewith peginterferon"'"ribavirintreatment.
but the cQmplicationrate washigh.
Summary
Newinsights into the managementof viralhepatitis have
been.gained over the past year.The problem of IiOtivi.ral
resistancein chronic hepatitis Bis real andtreatment
options needto keepevolving.Advartceshavebeen made
in hepatitisCtreatmentincluding patientswith genotypes2
or 3 infectionand decornpensatedcirrhosis.
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Abbreviations

anti-HBs
HBeAg
HBV
HCV
HEV
PCR
SVR

hepatitis B surface antibody
hepatitis B e antigen
hepatitis B virus
hepatitis C virus
hepatitis E virus
polymerase chain reaction
suslained virological response

<ti 2006 Lippincott Williams & Wilkins
0267-1379

Introduction

This review presents data from studies on viral hepatitis
published between December Z004and November ZOOS.
The review is focused on hepatitis B and C, in which
substantial advances in treatment have been made in the
past year.

Hepatitis A
Children with subclinical infection are a major source of
the transmission of hepatitis A. One study in Israel, where
the routine vaccination of ali children began in 1999,
and a study in the United States, where children in
selected states with higher incidence rates of hepatitis
A were vaccinated, showed a dramatic decrease (84-98%
reduction) in the incidence of acute hepatitis A not only
among age groups that were vaccinated but also among
adults [1,Z8].Such studies demonstrated that the immun-
ization of children against hepatitis A is cost-effective not
only in countries with high endemicity [3], but also in
non-endemic areas [4].

The importance of hepatitis A in non-endemic areas was
highlighted by a recem outbreak involving 601 individ-
uais, including three mortalities, in Pennsylvania [58].A
US panel has recommended hepatitis A virus vaccination
of ali children aged 1-3 years [6].

Hepatitis B
Several studies have demonstrated that high serum
hepatitis B virus (HBV)-DNA levels correlate with
adverse cIinical outcomes. Promising results of severaI
new treatmems have been reported and follow-up studies
have shown that antiviral therapy can improve cIinical
outcomes.

Predictors of hepatocellular carcinoma development
HBV is the most common cause of hepatocellular carci-
noma worldwide. A cohort srudy showed that higher
baseline HBV-DNA levels [odds ratio (OR) for HBV
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D\A > 5.910g10copies/ml 7.3] and HBV genotype C
(OR5.1)werepredictors of the development of hepato-
reI/lilarcarcinomain untreated Taiwanese men [7]. lt is
likelythatserialHBV-DNAlevelsand the courseof liver
diseaseactivityare more important in risk assessment for
individualcarriers than a single HBV-DNA value.

Long-termantiviraltherapy in hepatitis B e
antigen-negativechronichepatitis B
Lamivudinetherapy has been shown to prevent adverse
clinicalevents in a prospective randomized controlled
trial af Asian patients with high HBV-DNA levels
andbridging fibrosis or cirrhosis [8]. The developrnent
of lamivudine resistance may, however, abrogate the
beneficiaI effects [9]. This is particularly problematical
inpatientswith hepatitis B e antigen (HBeAg)-negative
chronic hepatitis B who require a long duration of treat-
ment. The cIinicaloutcome of 201 patients with HBeAg-
negative chronic hepatitis B (30% cirrhotic), who
received lamivudine was compared with an untreated
and an interferon-treated historical cohort [108]. The
proportion of lamivudine-treated patients with undetect-
able HBV DNA by polymerase chain reaction (PCR)
decreasedfrom 73% at month 12 to 34% at month 48.
The survival and event-free survival of the lamivudine

group was significantly better than the untreated group,
bllt was comparable with the interferon group. As
expected, cIinical events occurred less frequently among
patients with maintained virological remission (2%) com-
pared with those with virological breakthrough or no
response to lamivudine (10%). lt must, however, be
emphasized that this was not a controlled study, and
the favorable outcome of the lamivlldine grollp was
related to the use of adefovir in 73% of patients with
virologicalbreakthrough or no response as well as the
longer duration of treatment (1-8 years) compared
with the interferon group (6-12 months). The srudy
shows the importance of continued viral sllppression in
the prevention of adverse events in chronic hepatitis B
patients.

The need for long-term therapy indicates that antiviral
agentswith a lowerrate of drug resistanceare preferred
for patients with HBeAg-negative chronic hepatitis B.An
extensionofa phase3trialofadefovirin HBeAg-negative
chronic hepatitis B patients showed that HBV DNA was
undetectable by PCRassayin 71 and 79% of patients
after 2 and 3 years of continuous treatment; the high rate
of maintained response was related to a low rate of
adefovir resistance: 5.9% after 3 years of therapy [118].
Only 8% of patients had a sustained virological response
(SVR) when treatment was discontinued after one year.
In view ofthe potential for resistance and nephrotoxicity,
furthersrudiesare needed to determine the durability of
response after a longer period of treatment, as suggested
by a recent srudy on lamivudine [12].

Pre-emptive lamivudine therapy for patients
on chemotherapy
An open-Iabel srudy of 46 patients with hematological
malignancies reported that despi te lamivudine prophy-
laxis beginning one week before and continlling for at
least 12 weeks after chemotherapy, cumulative HBV
reactivation rates were still 5 and 33% at one and 3 years
after chemotherapy [138]. An HBV-DNA levei above
4 10g1Owas the only independent predictor of reactiva-
tion. The srudy sllggested that a longe r duration of
treatment [14], preferably with an antiviral agent with
lower resistance rates, was necessary to prevent HBV
reactivation in patients receiving chemotherapy.

Peginterteronwith or withoutlamivudine
Three trials of a peginterferon and lamivlldine com-
bination verslls monotherapy in patients with HBeAg-
positive chronic hepatitis B were reported in the
past year [15,16",178,18]. Despite differences in srudy
design (Table 1), several conclusions can be drawn:
(1) During treatment, lamivudine monotherapy and a
combination of peginterferon and lamivudine reslllted
in a greater degree of HBV-DNA suppression compared
with peginterferon monotherapy.(2) After 24 weeks of
post-treatment follow-lIP, peginterferon monotherapy
reslllted in higher HBeAg seroconversion rates and more
marked HBV-DNA suppression than lamivudine mono-
therapy,and the additionof lamivudine to peginterferon
did not improve the response. (3) Combination therapy
resulted in a lower incidence of lamivudine resistance
compared with lamivudine monotherapy.

The srudies confirmed previous observations that the
response to interferon is more durable than lamivlldine,
and that activation of the host immune response is
important in inducing HBeAg seroconversion. They also
showed conclllsively that the addition of lamivudine to
peginterferon for 48 weeks confers no added benefit in
patients with HBeAg-positive chronic hepatitis B. The
optimal combination therapy for chronic hepatitis B thus
remains elusive.

Telbivudineandemtricitabine
Phase 2 clinical trial data on telbivudine and emtricita-
bine, two nucleoside analogs that select for the same
resistant mutations as lamivudine, were published
recently [19,20]. A randomized, controlled trial compar-
ing a 52-week course of telbivudine versus lamivlldine
verslls a combination of telbivudine and lamivudine
fOllnd that responses to telbivudine were superior to
those with lamivudine and the combination of tel-
bivudine and lamivudine. HBV DNA was undetectable
by PCR in 61, 32 and 49%, HBeAg seroconversion
occurred in 31, 22, and 15%,and mutations in the YMDD
motif were detected in 4.5, 21 and 12.2%,respectively
[19].
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The emtricitabine trial included a 48-week dose-ranging
study, followed by 48 weeks of open-label 200 mg emtri-
citabine treatment in a mixed population of chronic
hepatitis B patients (79/21% HBeAg-positive/negative)
[20]. Viral DNA suppression at the end of 96 weeks was
similar to the published response rates to lamivudine.

Although resistance rates to both telbivudine and emtri-
citabine were slightly lower compared with lamivudine, it
is unlikely that these compounds will play a major role in
hepatitis B treatments given the availability of antiviral
therapies with much better resistance profiles. The
disappointing results of lamivudine and telbivudine
combination indicate that care must be taken to avoid

antagonistic combinations.

Antiviral-resistant hepatitis B virus
The selection of antiviral-resistant HBV IS a major
problem in hepatitis B treatment. A phase 2 swdy of
entecavir in lamivudine-resistant patients showed that
entecavir 1 mg was more effective than 0.1 and 0.5 mg
doses, or lamivudine [21-]. Only 26% achieved undetect-
able virallevels by PCR at the end of 48 weeks treatment,
however, which is much lower than the 67-90% rate
in treatment-naive patients who received 0.5 mg doses
of entecavir [22]. Furthermore, entecavir-resistant
mutations were present before treatment in 4.4%, and
additional mutations emerged during treatment in
1.5% of patients. Because resistance to entecavir occurs
only in the presence of lamivudine-resistant mutations,
entecavir is not an optimal treatment for lamivudine-
resistant HBV.

A pilot study compared tenofovir and adefovir in 53
patients with documented lamivudine resistance [23].
After 48 weeks of treatment, significantly more patients
who received tenofovir had undetectable HBV DNA by
PCR assay: 100 versus 44% of patients who received
adefovir. Approximately 30% of adefovir-treated patients
had less than 1 log drop in HBV DNA after 48 weeks.
Although this was not a randomized trial and the patient
population was heterogeneous, the results suggested that
tenofovir is more potent than adefovir in suppressing
lamivudine-resistant HBV. A high rate of suboptimal
response to the approved dose of adefovir in that and
other studies has been shown to be a risk factor for
adefovir resistance [24,25]. In-vitro studies found that
adefovir-resistant HBV mutations decreased suscepti-
bility by only three to sevenfold [26,27]. One clinical
series, however, found that adefovir resistance may be
associated with virological rebound as well as hepatic
decompensation [28].

Sequential nucleoside monotherapy may result in multi-
drug-resistant HBV mutants that are not suppressed by
combination therapy [29]. An in-vitro study showed that
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an HBV construct with mutations to both lamivudine and

adefovir (N236T + LI80M + M204V) had less replica-
tion efficiency compared with wild-type HBV but 60-fold
decreased susceptibility to combination of adefovir and
lamivudine [27].

Hepatitis B vaccine
Hepatitis B vaccination results in protective hepatitis B
surface antibody (anti-HBs) titers in 95%. Titers may,
however, wane over time. Three studies found that
anti-HBs titers were below 10 lU/I in 66-73% of indi-

viduaIs 10-15 years after vaccination [30,31,328]. A strong
anamnestic response to a booster dose of vaccine was
elicited in an overwhelming majority (91-97%) [30,328].
Moreover, breakthrough HBV infection was very rare
« 1%). The studies confirmed that immunological
memory is long-Iasting and booster doses are not needed
up to 15 years after vaccination.

Hepatitis C
SeveraI papers have reported on the feasibility of a
shorter course of therapy for patients with hepatitis C
virus (HCV) genotype 2/3 infection, strategies for diffi-
cult-to-treat patients, and exciting data on noveI
therapies.

Treatmentof acutehepatitisC
Spontaneous resolution of acute HCV occurs in 30-44%
of patients [33,34]. Uncontrolled trials of interferon
monotherapy reported a high rate of HCV cIearance in
patients with acute hepatitis C and unresolved infection
8-12 weeks after presentation [34,35]. A recent study of
peginterferon a2b monotherapy in 16 consecutive acute
hepatitis C patients who failed to achieve spontaneous
resolUtion 12 weeks after presentation [36] found that ali
bUt one cIeared HCV RNA, and the response was main-
tained in ali responders after 12 months of follow-up.
'1'hat study provided a rationale for delaying treatment for
12 weeks in aCUtehepatitis C patients.

Peginterferonfor genotype4
HCV genotype 4 is most commonly found in the Middle
East, and has been underrepresented in previous regis-
tration trials of peginterferon [37-39]. A multicenter
study from Egypt compared 24 (group 1), 36 (group 2)
and 48 weeks (group 3) of peginterferon a2b plus riba-
virin treatment in 287 genotype 4 patients [408]. SVR
rates were higher in groups 2 (66%) and 3 (69%) com-
pared with group 1 patients (29%; P < 0.05). These data
suggest that the optimal duration of therapy for genotype
4 patients is 36 weeks.

Peginterferon«2b andribavirincombinationin children
Experience with a peginterferon and ribavirin combi-
nation in children was reported in an open-Iabeled trial
in 62 children (411. A.t the end af 48 weeks' tte'3.tment,

virological response was observed in 55 and 100% of
genotype 1 and 2/3 patients, respectively (P = 0.0003).
After 24 weeks of follow-up, none of the genotype 2/3
responders relapsed, whereas 7.7%of genotype 1 respon-
ders relapsed. The study confirmed that children respond
as well as adults. Larger-scale trials are, however, needed
to validate these results and the safety of ribavirin in
children.

Abbreviatedtherapiesfor genotypes2 and3
Current recommendations on hepatitis C treatment
involve 24 weeks of peginterferon and ribavirin for geno-
types 2 and 3, and 48 weeks for genotypes 1and 4 [42]. A
pilot study showed that a comparable rate of SVR can be
achieved with 14 weeks of treatment [43]. Since then,
two other studies reported that SVR can be achieved in
81-85% of genotype 2 or 3 patients who had a rapid
virological response (undetectable HCV RNA at week 4)
after 12-16 weeks of treatment [44,458](Table 2). Such
studies showed that abbreviated therapy is most likely to
succeed in genotype 2 patients and genotype 3 patients
with a low viralload. These results are exciting and would
lead to a reduction in cost as well as the incidence of

adverse events. The relapse rate is, however, higher
among patients who responded to short (12-16 weeks)
versus standard (24 weeks) therapy: 9-15% versus 4-5%
(Table 2). Therefore, more studies are needed to deter-
mine which patients are most likely to benefit from
this approach.

Treatment of difficult cases

'1'he efficacy of peginterferon and ribavirin retreatment in
patients who have failed previous standard interferon-
based therapies has not been extensively srudied. Two
recent studies on previous relapsers and non-responders
found a higher SVR rate in the former group (42-55%
versus 10-20%) [46,47]. The genotype and type of
response to previous therapy were identified as indepen-
dent predictors of SVR.

Liver transplantation is associated with a 100% recUf-
rence of HCV infection in patients who are viremic at the
time of transplant. A pilot study showed that instituting
treatment pre-transplant may prevent HCV recurrence
in 20% [48]. Treatment is, however, tolerated poorly
in patients with cirrhosis. A slow incremental regimen
of standard/pegylated interferon and ribavirin in 124
patients with advanced liver disease (biopsy-confirmed
cirrhosis or evidence of decompensation/poor synthetic
function; 55% Child B or C) achieved an SVR rate of
22% [498]. Ali patients without an SVR had HCV reCUf-

rence post-transp{ant (rz/.rZ)compared wíth only 20%
for patients with an SVR (3/15). Only 39% received
full treatment, however, despite the use of growth
factors in 33%. Two deaths were probably related to
tte'3.tment.' r\\.e Ú.,,\<" ()~ c()m~\\c"3.ÚQm; ',,,, \\.\\!,n '\fi t.n',,,, \!,tQup
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Table 2 Comparison of trlals on abbrevlated therapy in genotypes 2 and 3 In chronic hepatitis C patients

Trial

Oalgard et ai. [43]a (n = 122)
Peginterferon a2b 1.5 Ilg/kg
+ ribavirin 0.8-1.4 9

Mangia et ai. [45]b (n = 283)
Peginterferon a2b 1.0 Ilg/kg
+ ribavirin 1.0-1.2 9

von Wagner et ai. [44]C (n = 152)
Peginterferon a2a 180 Ilg
+ ribavirin 0.8-1.2 9

apatients with rapid virological response (RVR) given 14 weeks' treatment (group 1), whereas patients with no RVR given 24 weeks' treatment
(group 2).
bpatients randomly assigned to 24 weeks' treatment (group 1) or variable treatment, in which patients with and without RVR were given 12 (group 2a)
and 24 (group 2b) weeks' treatment, respectively.
cRandomization started after 4 weeks of treatment. Patients with RVR randomly assigned to 16 (group 1a) or 24 (group 1b) weeks' treatment.
Ali patients with no RVR received 24 weeks' treatment.
dRVR defined as undetectable hepatitis C virus RNA at 4 weeks of treatment for ali studies.

of patients and must be weighed carefuIly before initiat-
ing treatment.

reduction in HCV RNA; a synergistic effect was observed
when PI-l was used in combination with interferon.
These findings are exciting, and the results of PI-l in
humans are eagerly awaited.Predictors of response to therapy

Virological and treatment factors have been consistently
shown to predict SVR, but the impact of host factors has
not been adequately stUdied. A stUdy using microarray
DNA analysis of liver biopsies from 20 HCV-negative
and 31 HCV-positive (16 responders and 15 non-respon-
ders to peginterferon-ribavirin) patients identified eight
subsets of genes most predictive of non-response [50].
Many of the upregulated genes in the non-responders
function by modifying the immune response to inter-
feron.

Hepatitis C virus persistence in patients with sustained
virological response
Using a real-time PCR assay with a detection limit of 10
genomic eq/ml, one stUdy detected the persistence of
HCV RNA in at least one of the foIlowing compartments:
liver tissue, serum, peripheral blood mononuclear ceIls, or
activated lymphocytes/macrophages in 15 out of 17
patients (88%) who had undetectable HCV RNA by
conventional PCR assay more than 3 years after antiviral
treatment [52]. Negative-strand HCV RNA was, how-
ever, found in only five out of 17 patients (29%). If
confirmed, these results may indicate that a late relapse
may occur in some patients with SVR to hepatitis
C treatment.

Novel antiviral therapies
Protease inhibitors are a key component of HIV treat-
ment. A noveIprotease inhibitor, PI-I, was tested in HCV
replicon cells [51]. PI-l induced a dose-dependent

End-of-treatment Sustained

virological virological Relapse
Treatment groups response (%) response (%) rate (%)

Group 1 (+RVR)d 14 weeks
Genotype 2 (n = 21 ) 100 91 10
Genotype 3 (n = 74) 100 89 11
Total (n = 95) 100 79 21

Group 2 (-RVR) 24 weeks
Genotype 2 (n = 2) 50 50 O

Genotype 3 (n = 25) 84 56 33
Total (n = 27) 81 56 32

Group 1 24 weeks
Genotype 2 (n = 53) 79 76 5

Genotype 3 (n = 17) 76 76 O
Total (n = 70) 79 76 4

Group 2a (+RVR) 12 weeks
Genotype 2 (n = 102) 96 87 9

Genotype 3 (n = 31) 90 77 14
Total (n = 133) 95 85 10

Group 2b (-RVR) 24 weeks
Genotype 2 (n = 58) 78 72 7
Genotype 3 (n = 22) 41 41 O
Total (n = 80) 68 64 6

Group 1a (+RVR) 16 weeks
Genotype 2 (n = 19) NA 95 NA

Genotype 3 (n = 51) NA 76 NA
Total (n = 70) 94 81 15

Group 1b (+RVR) 24 weeks
Genotype 2 (n = 19) NA 95 NA

Genotype 3 (n = 52) NA 75 NA
Total (n = 71) 85 80 5

Group 2 (-RVR) 24 weeks
Genotype 2 NA NA NA
Genotype 3 NA NA NA
Total (n = 11) 72 36 50



246 Uvar

Hepatitis E virus
Hepatitis E virus (HEV) is usually transmitted through
the fecal-oral route. In endemic areas, infection has been
related to poor sanitation and contaminated water
supplies. Several stlldies in westem countries have impli-
cated swine as a source of HEV infection [53,54]. Recent
reports from Japan indicated that boars are a main reser-
voirof HEV, HEV is transmitted to other animais in the
wild, and humans may be infected by eating raw deer
meat and pig liver [55,56].

Conclusion
Manyexciting studies on hepatitis B and C were reported
in this past year. The results of new treatment and long-
term follow-up data on approved therapies were reported
forhepatitis B. Such studies expand treatment options for
hepatitis B, and provide evidence that adverse clinical
outcomes can be prevented if viral suppression can be
maintained. Antiviral resistance is, however, a major
concem especially with long-term treatment. Unfortll-
nately, neither peginterferon and lamivudine nor telbi-
vudine and lamivudine combination therapy have held
up to their theoretical promise. Several studies suggested
that the duration of treatment for HCV genotypes 2-4
can be shortened without jeopardizing the rate of SVR;
these findings need to be confirmed before they can be
applied to clinical practice. The possibility of preventing
HCVrecurrence after liver transplantation is exciting, but
the safety and feasibility of using peginterferon and
ribavirin even in low doses among patients with decom-
pensated cirrhosis need to be confirmed. In-vitro studies
have reported promising reslllts of a novel HCV protease
inhibitor; the reslllts of clinical trials are eagerly awaited.
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