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Summary
Abstract Lamivudine is a deoxycytidine analogue that is active against hepatitis B virus

(HBV). In patients with chronic hepatitis B, lamivudine profoundly suppresses
HBYV replication.

Clinically significant improvements in liver histology and biochemical
parameters were obtained with lamivudine in double-blind, randomised, trials in
hepatitis B e antigen (HBeAg)-positive patients with chronic hepatitis B and
compensated liver disease. After 52 weeks of treatment, relative to placebo
(£25%), significantly more Chinese (56%) or Western patients (52%) treated with
lamivudine 100 mg/day had reductions# or more points in Knodell necro-
inflammatory scores. Moreover, significantly fewer lamivudine 100 mg/day than
placebo recipients had progressive fibrosis in liver biopsi&svés =15%) and
fewer lamivudine- than placebo-treated patients progressed to cirrhosigs(1.8
7.1%). More lamivudine 100 mg/day than placebo recipients acquired antibodies
to HBeAg after 52 weeks (16s4% in Chinese patients and ¥86% in Western
patients). ALT levels normalised in significantly more lamivudine than placebo
recipients enrolled in these trials.

In HBeAg-negative, HBV DNA positive patients with compensated liver dis-
ease enrolled in a double-blind, randomised study, HBV DNA levels were sup-
pressed to below the limit of detection (< 2.5 pg/ml) and ALT levels normalised
in 63% and 6% of patients treated with lamivudine 100 mg/day or placebo for 24
weeks. Clinically significant improvements in liver histology were obtained in
60% of patients treated with lamivudine for 52 weeks in this study.

Lamivudine 100 mg/day for 52 weeks produced similar or significantly greater
improvements in liver histology and ALT levels than 24 weeks’ treatment with
lamivudine plus interferormr.

In liver transplant candidates with chronic hepatitis B and end-stage liver
disease, lamivudine 100 mg/day alone, or in combination with hepatitis B im-
mune globulin, generally suppressed HBV replication and appeared to protect the
grafted liver from reinfection. Lamivudine 100 mg/day suppressed viral replica-
tion and improved liver histology in liver transplant recipients with recurrent or
de novochronic hepatitis B. Lamivudine 300 or 600 mg/day reduced HBV rep-
lication in HIV-positive patients.

The incidence of adverse events in patients with chronic hepatitis B and com-
pensated liver disease treated with lamivudine 100 mg/day or placebo for 52 to
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Pharmacodynamic
Properties

68 weeks was similar. 3.1- to 10-fold increases in ALT over baseline occurred in
13% of patients during treatment with lamivudine 100 mg/day or placebo for 52
weeks. Post-treatment ALT elevations were more common in lamivudine than
placebo recipients; however, these generally resolved spontanesui$gp of
lamivudine- or placebo-treated patients experienced hepatic decompensation.
Conclusion: Lamivudine inhibits HBV replication, reduces hepatic necro-

inflammatory activity and the progression of fibrosis in patients with chronic
hepatitis B, ongoing viral replication and compensated liver disease including
HBeAg-negative patients. The drug also suppresses viral replication in liver trans-
plant recipients and HIV-positive patients. Thus, lamivudine is potentially useful
in a wide range of patients with chronic hepatitis B and ongoing viral replication.

Lamivudine is a deoxycytidine analogue with antiviral properties. Lamivudine is
phosphorylated by host cell kinases to a triphosphate moiety that is active against
hepatitis B virus (HBV). The concentration of lamivudine required to reduce
HBV DNA concentrations by 50% (E£g) and 90% (E@q) in the supernatant of
cultures of human hepatocellular carcinoma cell lines (2.2.15 and HB611 cells)
was 0.008 to 0..umol/L and 0.16 to 0.umol/L, respectively. E€pand EGo
values for lamivudine were 2.7- to 5.75-fold lower than those for penciclovir (the
active metabolite of famciclovir).

Lamivudine significantly suppressed HBV replication in a chimaeric mouse-
human model of chronic hepatitis B infection. After 4 days of treatment with
lamivudine 0.5mg twice daily, mean HBV DNA levels were reduced by 97% and
only 14% of mice had detectable HBV DNA levels [limit of detection (LOD) <
5 x 108 copies/ml]. In contrast 90% of control mice had detectable HBV DNA
levels. HBV DNA levels increased substantially within 5 days of the cessation of
treatment.

Lamivudine-resistant HBV has been isolated from some patients with chronic
hepatitis B during treatment with lamivudine. In lamivudine-resistant clinical iso-
lates a point mutation in a highly conserved motif [Tyr-Met-Asp-Asp (YMDD)],
in which valine (M552V) or isoleucine (M552I) is substituted for methionine,
has been consistently identified. A second mutation (L528M), in which methio-
nine replaces leucine 24 amino acids upstream, has been identified in some iso-
lates containing M552V and M5521 and confers cross-resistance to famciclovir.
Lamivudine-resistant HBV does not appear to be cross-resistant to adefovir. The
ECsoof 1 clinical isolate increased 45-fold after acquiring M552V. In addition,
the EGoof lamivudine in HepG2 cells transfected with viral constructs contain-
ing M552V was 153-, 550- and 3010-fold greater for HBV containing M552V,
M552] and L528M plus M552V, respectively, than for that containing wild-type
HBV. Clinical observations suggest that replication is slower in HBV with YMDD
variant motifs than in wild-type virus.

Four and 14% of 285 Chinese patients, respectively, acquired resistant YMDD
variant genotypes after 9 and 12 months of lamivudine therapy. However, histo-
logical responses were not affected by the presence of YMDD variant HBV.

Lamivudine does not interfere with human DNA synthesis and exhibits little
cytotoxicity in human cell lines. The'®' exonuclease function of human DNA
polymerasey (mitochondrial DNA polymerase) excised lamivudinensono-
phosphate incorporated during chain termination assays and lamivudine (0.01 to
0.03umol/L) did not appreciably inhibit DNA synthesis in intact mitochondria.
Moreover, no morphological or functional changes in hepatocellular mitochon-
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Therapeutic Potential in
Chronic Hepatitis B

dria were detected in liver biopsy specimens from patients treated with lamivud-
ine 25 to 300 mg/day.

Cellular immune responsiveness increased during treatment with lamivudine
in patients with chronic hepatitis B. Statistically significant increases in prolifer-
ation of T cells obtained from 12 patients with chronic hepatitis B occurred during
treatment with lamivudine 100 mg/day and were associated with suppression of
HBV DNA levels.

Lamivudine is well absorbed after oral administration (mean bioavailability 86
to 88%). The drug is not extensively bound to plasma proteins (36%), distributes
into total body fluid (volume of distribution 1.3 L/kg) and crosses the placenta
(the drug is present in amniotic fluid), where concentrations appear to equilibrate
between the maternal and foetal circulation.

In 6 patients with chronic hepatitis B receiving lamivudine 100 mg/day, the
mean maximum plasma concentrationng) of lamivudine at steady state was
1.1 mg/L, the mean area under the plasma concentration versus time curve from
0 to 24 hours (AUG4 was 4.72 mg/L: h and the mean terminal elimination
half-life was 6.2 hours. In paediatric patients (2 to 12 years of age) with chronic
hepatitis B, lamivudine 3 mg/kg once daily provided a steady statgd@d AUC
of =1.5 mg/L and=4 mg/L- h.

The major route of elimination of lamivudine is renal excretion. In patients
with moderate/severe renal dysfunction [i.e. those with creatinine clearance <3
L/hr (<50 ml/min)] elimination of lamivudine is significantly retarded and the
dosage should be adjusted. Dosage modifications are not required in patients with
decompensated liver disease.

Lamivudine has been evaluated in randomised, placebo-controlled studies in
immunocompetent patients with chronic hepatitis B and compensated liver dis-
ease, including HBeAg-negative, HBV DNA-positive patients. The drug has also
been studied in HBV DNA-positive liver transplant candidates with chronic hep-
atitis B. The effect of lamivudine in HIV-positive patients with chronic hepatitis

B has been described. Histological improvement in liver biopsy specimens was
the primary or secondary end-point in several studies. Markers of hepatitis B
replication, hepatitis B serology, and normalisation of ALT levels were also used
as end-points in these studies.

The results of dose ranging studies with lamivudine in patients with chronic
hepatitis B and compensated liver disease suggest that daily ded@@ang/day
are optimal for this indication.

Clinically significant improvements in liver histology were obtained with
lamivudine in 2 double-blind, randomised trials in HBeAg-positive immuno-
competent patients with chronic hepatitis B and compensated liver disease. Sig-
nificantly more Chinese (56%) or Western patients (52%) treated with lamivudine
100 mg/day than placebo recipiend26%) had clinically significant reductions
(defined as a reduction &f 2 points) in Knodell necroinflammatory scores after
52 weeks of treatment. Worsening fibrosis was detected1i5% of placebo
recipients, but irc 5% of lamivudine 100 mg/day recipients during these 2
studies.

Significantly more lamivudine 100 mg/day than placebo recipients converted
from HBeAg-positive to positive for antibodies to HBeAg (anti-HBe) during 52
weeks of treatment in these 2 studies {$@% in Chinese patients and ¥6%
in Western patients). Among Chinese patients randomised to further double-blind
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treatment with lamivudine 100 mg/day, the proportion of patients who serocon-
verted from HBeAg-positive to anti-HBe was 27% and 33%, respectively, after
2 and 3 years.

Lamivudine generally reduced ALT levels in patients enrolled in these trials.
In Chinese patients in whom ALT levels were elevated at baseline, normalisation
of ALT levels occurred in 72% of those treated with lamivudine 100 mg/day, but
in only 24% of placebo recipients. Similarly, ALT normalisation was more com-
mon in Western patients treated with lamivudine 100 mg/day or placebo for 52
weeks (41lvs7%).

Lamivudine 100 mg/day reduced HBV DNA, HBeAg and ALT levels and
produced improvements in liver histology in Japanese patients with chronic hep-
atitis B.

Lamivudine was generally effective in suppressing HBV replication and amel-
iorating liver disease in HBeAg-negative patients (presumed to harbour precore
mutant HBV) with chronic hepatitis B and compensated liver disease. Signifi-
cantly more patients treated with lamivudine 100 mg/day in a randomised
double-blind study achieved the primary efficacy end-point, HBV DNA levels <
2.5 pg/ml and ALT levels within the normal range, than placebo-treated patients
after 24 weeks (63s6%). Of patients enrolled in this trial who had evaluable
liver biopsies at baseline and after 52 weeks of treatment with lamivudine 100
mg/day, 60% had a reduction®2 or more points in the Knodell necroinflamma-
tory score. These results show that the effectiveness of lamivudine in HBeAg-
negative patients with chronic hepatitis B is generally similar to that in
HBeAg-positive patients.

Histological responses were reported in 2 studies in which patients with
chronic hepatitis B and compensated liver disease received lamivudine 100
mg/day alone for 52 weeks or combined with interfeco80 million units (MU)
per week for 16 weeks. However, liver biopsies were obtained at the end of
treatment with lamivudine and 28 or 36 weeks after completion of therapy with
lamivudine plus interferomr or interferoner monotherapy, which makes inter-
pretation of the results difficult. Among patients receiving lamivudine monother-
apy for 52 weeks in these 2 studies, 52 and 38% of patients had clinically
significant reductions in Knodell necroinflammatory scores. In 1 study, in which
only patients refractory to interferomwere enrolled, a significantly greater pro-
portion of patients treated with lamivudine 100 mg/day experienced clinically
significant improvement in liver histology at 52 weeks than those treated with
lamivudine 100 mg/day alone for 8 weeks and then combined with interf@ron-
for 16 weeks.

A pooled analysis of 3 clinical trials revealed the frequency of progression to
cirrhosis to be 1.8, 7.1 and 9.5%, respectively, after 1 year of treatment with
lamivudine 100 mg/day, placebo and interfermn-

Lamivudine 150 mg/day plus interferani3.5 MU/week was more effective
than ganciclovir 750 mg/day plus interferon13.5 MU/week in suppressing
HBYV replication during a 26-week study. HBV DNA levels rebounded after dis-
continuation of antiviral therapy.

Lamivudine 100 mg/day was more effective than famciclovir 500mg 3 times
daily in suppressing HBV replication in patients with chronic hepatitis B. 78%
of lamivudine recipients, but only 8% of famciclovir recipients experienced a
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Tolerability

reduction of >2 logo in HBV DNA levels or were HBV DNA negative (LOD
<2.5 pg/ml) after 12 weeks’ of treatment (p < 0.0001).

When started before transplantation, lamivudine 100 or 150 mg/day sup-
pressed HBV DNA levels in most liver transplant candidates with chronic hepa-
titis B and end-stage liver disease. Hepatitis B core antigen (HBcAg) was not
detected in biopsy specimens obtained freb©% of patients after transplanta-
tionin 4 small studies (n =4 to 38). Most patients were hepatitis B surface antigen-
and HBeAg-negative after transplantation.

No evidence of hepatitis B replication (e.g. HBV DNA or HBeAg in serum)
was evident in liver transplant recipients treated with lamivudine 100 mg/day
before transplantation and lamivudine 100 mg/day plus hepatitis Bimmune glob-
ulin (HBIg) during and after transplantation.

In 52 liver transplant recipients with recurrentd® novochronic hepatitis B,
lamivudine 100 mg/day for 52 weeks suppressed HBV DNA below the L<105(
pg/ml) in 60% of patients and improved liver histology in 51% of patients. YMDD
variant HBV was detected in 14 patients, 5 of whom experienced clinical deteri-
oration due to the progression of hepatic disease.

Lamivudine was effective in reducing HBV DNA replication in HIV-positive
patients with chronic hepatitis B. In 30 patients with high rates of HBV replication
(HBV DNA >5 ng/L and HBeAg-positive) prior to treatment only 15% (4 of 27)
remained HBV DNA-positive (by PCR) after 52 weeks of lamivudine 300 or 600
mg/day. Similarly, none of 10 patients with low rates of HBV DNA replication
(HBV DNA <5 ng/L and HBeAg-negative) were HBV DNA-positive at the end
of treatment compared with 6 at baseline. Aretrospective analysis showed 27 of
66 (41%) HBV DNA-positive patients became HBV DNA-negative (assay not
described) during treatment with lamivudine 300 mg/day for HIV infection com-
pared with 3 of 17 (18%) placebo recipients.

In children aged 2 to 12 years with chronic hepatitis B, lamivudine oral solu-
tion 3 mg/kg/day (approximately twice the dosage used in adults with chronic
hepatitis B) produced maximal antiviral effects (99.9% inhibition of viral repli-
cation).

The incidence of adverse events in lamivudine- or placebo-treated patients was
similar in a pooled analysis of 4 randomised, double-blind trials in patients with
hepatitis B. One or more drug-related adverse events were reported by 40 and
45% of patients, respectively, treated with lamivudine 100 mg/day (n = 416) or
placebo (n = 200) for 52 to 68 weeks in these trials. ALT levels increased by
>3.1-fold over baseline in 13% of patients during treatment with lamivudine 100
mg/day or placebo for 52 weeks.

Lamivudine was better tolerated than interfelin comparative trials. The
frequency of malaise and fatigue, fever and chills, muscle pain, nausea and vom-
iting, hair loss or depressive disorders was 2 to 8 times more common in patients
treated with interferor, alone or in combination with lamivudine, than lamivu-
dine 100 mg/day.

Substantial elevations in ALT levels have occurred during treatment and
follow-up in patients receiving lamivudine or placebo in randomised trials. Al-
though ALT elevations were more common in lamivudine- than placebo-treated
patients after discontinuation of treatment, ALT elevations generally resolved
spontaneously and the incidence of hepatic decompensation was rate.G%)
in both groups.
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Dosage and Lamivudine 100mg given once daily is the recommended dosage in HIV-negative

Administration patients with chronic hepatitis B, ongoing viral replication and compensated liver
disease. In HIV-positive patients the dosage is 150mg twice daily in combination
with other antiretroviral agents. The drug may be taken with or without food.
Dosage adjustments are recommended in patients with chronic hepatitis B and
clinically significant renal dysfunction.

1. Chronic Hepatitis B immune response directed at viral proteins, most
likely HBcAg and HBeAgl’:8.10]

Hepatitis B infection is immunologically cleared
in more than 90% of adult patients who acquire the
virus by exposure to infected blood or body fluids

Hepatitis B virus (HBV) is a small partially
double-stranded DNA virus of the family hepadna-

viridae. After entering a host liver cell, the relaxed :
(e.g. through sexual contact, intravenous drug use,

circular DNA of the virus is translocated to the . . .
. occupational exposure or blood transfusion), which
nucleus and converted to covalently closed circular.

DNA which serves as an episomal template for!S the most important mode of transmission in

. . . iedal i
RNA production (fig. 1J31 The resulting messen- Vestern countrieBY In contrast, after perinatal

ger RNAtranscripts, in turn, serve as templates fortransm|§5|on of ,HBV' which |s.co.m.m0n In A5|a-n
and African nations, 95% of individuals remain

reverse transcription of DNAfor inclusion in infec- ' )
tious virions. As in retroviruses, reverse transcrip-chrenically infected, presumably because of the

tion is an essential step in the life cycle of HBY; dévelopment of immune toleran&%@all]
however, unlike retroviruses, integration of HBY ~ Chronic hepatitis B is defined as the presence
DNA into the host cell genome is not required for ©f HBSAg or other viral markers in serum for more
replication(2l Nonetheless, HBV may become in- than 6 monthé?l individuals with chronic hepati-
tegrated into host cell DNA] and this may be a tis B have a high risk of developing cirrhosis, liver
prerequisite for HBV-induced hepatocellular carci- failure and hepatocellular carcinoma.
nogenesigt®l The dynamics of HBV infection in patients with
Cells infected with HBV produce several viral chronic hepatitis B have been modeled. At steady
antigend”) Hepatitis B surface antigen (HBsAg) is State more than #virus particles enter the circu-
secreted in large quantities (fig. 2), both as a comJation from infected cells each dé&,*% and the
ponent of infectious virions and as empty nonin- daily turnover of free virus in serum is approxi-
fectious subviral particle8! The presence of hep- mately 5093 The half-life of virus in serum has
atitis B e antigen (HBeAg) in serum indicates high been estimated to be less than 3 d&§# Diver-
levels of virus replication. However, the absence ofgent estimates of the half-life of an infected liver
HBeAg in serum does not automatically imply a cell have been published: mean half-lives of 13
nonreplicative state, since precore mutants, which(range 10 to 10@}% and more than 100 day$
lack HBeAg, are well knowf#9 Hepatitis B core  have been calculated. If, for example, the half-life
antigen (HBcAg) is found only in liver cells and of an infected hepatocyte was 100 days, then com-
antibodies to HBcAg (anti-HBc), which arise early plete suppression of HBV replication for 12 months
in the course of infection, are detectable in all pa-with an antiviral agent such as lamivudine would
tients exposed to HBV:10] reduce the number of infected cells to approxi-
Detection of HBV DNA in serum also indicates mately 8% of the original populatio#3! Hence,
high levels of virus replicatiof?] HBV is not in-  prolonged treatment with antiviral agents may be
trinsically hepatotoxic in immunocompetent indi- required to eradicate HBV in patients with chronic
viduals; rather, liver injury results from a cellular hepatitis B.

0 Adis International Limited. All rights reserved. Drugs 1999 Jul; 58 (1)



108 Jarvis & Faulds

Extracellular

Ag

Empty viral particle @
Inhibited by

| lul
ntracellular Assembly
lamivudine
) Cell
Uncoating
' membrane
‘ Reverse

transcription

o
. : ® 02
Partially dp u:lgvsg?\‘rfed Viral proteins o‘of: °
genomic *®, °¢  Packaging
Translation VW
Genomic RNA
. Viral [
Translocation and mRNA
DNA synthesis — \
Transcription I
© Viral RNA

Endosomal cccDNA

N

Host cell DNA

Cell nucleus

Fig. 1. The replication cycle of hepatitis B virus (HBV) and the site of action of lamivudine. Integration of HBV DNA into the host cell
genome and the intracellular amplification of HBV DNA are not depicted in the figure. cccDNA = covalently closed circular DNA;
HBeAg = hepatitis B e antigen; HBsAg = hepatitis B surface antigen.

Interferona is an approved therapy for chronic role in the treatment of HIV infectioR5! This
hepatitis B. However, this agent is effective only in article reviews the use of lamivudine in patients
a subset of patients, is often poorly tolerated, re-With chronic hepatitis B.
quires parenteral administration and is expensive
(section 7). Hence, there is a need for alternative
therapies for chronic hepatitis B. Lamivudine isa  after uptake by infected cells, lamivudine is
deoxycytidine analogue with an L configuration sequentially phosphorylated by deoxycytidine ki-
that has antiviral properties and a well-establishednase and pyrimidine nucleotide kinases of the host

2. Pharmacodynamic Properties
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cell to form lamivudine triphosphate, the antiviral dine 0.0&3! or 0.221 pmol/L and by 90% after
moiety which inhibits HBV polymerase and the incubation with lamivudine 0/ or 0.62% pmol/L.
reverse transcriptase of HIV (fig. 8F-18] Lamivu- Moreover, EGy and EGg values for lamivudine
dine triphosphate lacks d Bydroxyl group and were 2.7- to 5.75-fold lower than those for pen-
causes the termination of chain elongation whenciclovir in 2.2.15 cells (fig. 421271
incorporated into nascent DNA transcripts during  Lamivudine enhanced thia vitro activity of
reverse transcription. In contrast, the drug doespenciclovir or interferora against HBV. Lamivu-
not interfere with transcription of HBY DNAinte- dine plus interferora (3000 or 10 000 1U/ml in-
grated into host cell DNA2% In a human hepa- terferona : 1 pmol/l lamivudine) or penciclovir
toma cell line (2.2.15) the intracellular half-life of (ina 3: 1 or 10: 1 ratio of penciclovir to lamivud-
lamivudine triphosphate was 17 to 19 hours (re-ine) decreased HBV DNA production to a greater
viewed in Johnson et &9]). extent than penciclovir or interferom-alone in
2.2.15 celld?] Phosphorylation of lamivudine was
2.1 Antiviral Activity Against Hepatitis B Virus significantly increased when 2.2.15 cells were incu-
bated with fludarabine (ftmol/l) or thymidine
2.1.1In Vitro Activity (20, 50 or 10Qumol/l), presumably by modulation
Lamivudine has been studied in an HBV DNA- ot geoxycytidine kinase activity! Similarly, phos-
producing human hepatocellular carcinoma cellpnorylation of lamivudine in a T-lymphoblastoid
line (2.2.15 cells) that is considered to be an accug|| |ine (CEM) was enhanced by incubation with

rate model of chronic HBV viral replication. Lam-  hydroxyurea (1 mmol/l), fludarabine (Emol/l) or
ivudine 0.008 to 0.Jumol/L reduced supernatant thymidine (100umol/l).[16.18]

HBV DNA levels by 50% (EGg; in 2.2.15 and

HB611 cells)?1281 The concentration of lamivud- 27,21 Vivo Activity in Hepatitis B
ine required to reduce HBV DNA levels by 90% Virus-Trimera Mice
(ECqgp) ranged from 0.16 to 0.@mol/L in 2.2.15 A chimaeric mouse-human model has recently

cells[21.23.26-28]The concentration of intracellular been developed which simulates chronic hepatitis B.
HBV DNAreplication intermediatesin 2.2.15 cells After total body irradiation, normal mice were en-
was reduced by 50% after incubation with lamivu- grafted with bone marrow from mice with severe

Jaundice

Weeks after exposure

Fig. 2. Serological markers of chronic hepatitis B in a recently infected person. ALT levels may be normal or elevated in patients with
chronic hepatitis B. HBeAg is not present in the serum of patients infected with precore mutants. Anti-HBc = antibodies against
hepatitis B core antigen; HBeAg = hepatitis B e antigen; HBsAg = hepatitis B surface antigen; HBV DNA = hepatitis B virus DNA.
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Fig. 3. Intracellular phosphorylation of lamivudine. CMP = cytidine monophosphate; dCMP = deoxycytidine monophosphate; NDP =
nucleoside diphosphate. Adapted from Johnson et al.l*¥ with permission.

combined immunodeficiency disease (SCID) to merase of other hepadnaviruses and in HIV reverse
produce a mouse permissive for engraftment oftranscriptasé®! Substitution of methionine by
human tissue. Next, fragments of HBV-infected valine (M552V) or isoleucine (M552I) in this mo-
human liver were transplanted into these mice totif has been documented in patients with resistance
produce an animal comprised of 3 genetically dis-to lamivudine. Identical mutations in the YMDD
tinct tissues (hence ‘trimera’). HBV DNA levels motif of HIV reverse transcriptase confer resistance
typically reach a peak within 18 to 25 days after to lamivudine. A second mutation (L528M), which
introduction of the human liver explant into the results in methionine replacing leucine 24 amino
host mousé3®! acids upstream of the mutation in the YMDD motif,

Lamivudine suppressed HBV replication in tri- has been identified in association with M552V and
mera mice. The mice were treated with intraperi- M5521.1 L528M confers cross-resistance to fam-
toneal lamivudine 0.5mg twice daily between days ciclovir;[49:59.81] however, lamivudine-resistant
12 and 15 after liver transplantation (i.e. eachHBV does not appear to be cross-resistant to adef-
mouse received 4mg lamivudine). On day 16, 90%ovir.[83-86]
of untreated mice (n = 20) and 14% of lamivudine-  The EG of lamivudine increased 45-fold (from
treated mice (n = 22) had detectable HBV DNA 0.01 to 0.45umol/L) in primary human hepato-
levels [limit of detection (LOD) < 5 x 1®cop-  cytes inoculated with serum samples obtained be-
ies/ml; p < 0.0001]. Mean HBV DNA levels were fore and after treatment in a patient with acquired
reduced by 97% on day 16 in lamivudine-treated|amivudine resistanc®! Genotypic analysis of
mice (from 2.9 x 18to 9.4 x 10 copies/ml; p < HBV isolated from the patient revealed the pres-
0.0001), but increased substantially within 5 daysence of M552V in the latter sampl&$!
of the cessation of treatment (to 7.3 x*1€bp- HBV constructs containing YMDD variants with
ies/ml; 64% of mice had detectable HBV DNEJ!  and without L528M were resistant to lamivudine

. when transfected into HepG2 cells. The 4g©f

2.1.3 Resistance . lamivudine was 1532 550871 and 3010-fold

Lamivudine-resistant HBV variants have been o
. . ) ) . greatel®”! for HBV containing M552V, M552| and
isolated from patients with chronic hepatitis B dur- .
ing treatment with lamivudinB1-89) A point muta- L528M plus M552V, respectively, than for that

: containing wild-type HBV. In 1 study, the Egof

tion in a highly conserved region of the HBV ge- lamivudine exceeded the cytotoxic concentration
nome that codes for the catalytic site of the DNA (>10 000-fold increase in &) in cells containing

polymerase has consistently been identified in
lamivudine-resistant clinical isolates. The wild- 7™ some studies the methionine residue in the YMDD

type amino acid sequence in this region, Tyr-Met-motif is referred to as position 550 and the upstream leucine
Asp-Asp (YMDD), is also found in the DNA poly- residue is referred to as position 536:43.52.53.55.81.82]
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HBV constructs with M5521, or M552V or M5521 patients with chronic hepatitis B is replication de-
in conjunction with L528M (i.e. the E§gcould not  ficient compared with wild-type virus. Although
be determinedif marked increasesin ALT levels have occurred after
The inhibition constant for lamivudine triphos- the development of resistance, ALT levels have
phate increased 8- to 25-fold when M5521, M552V generally been greater in patients who stop lamivu-
or M552V and L528M were introduced into HBV dine than in those who continue taking the dt3g!
polymerasd?*] The authors of 1 report suggest continuing the drug
YMDD variant HBV was replication deficient in patients with YMDD variant HBV because HBV
in vitro. Viral constructs with M552¥81 M552[8889  DNA levels and ALT levels tend to remain below
or L528M plus M552V€% had lower replication pretreatment levels when therapy is contin{féd.
rates than wild type virus in human hepatocellular Controlled studies with long durations of follow-
carcinoma cell lines (HepG2 and HUH-7). up would be required to confirm the validity of this
In patients with chronic hepatitis B, YMDD strategy.
variant HBV predominated only when selected for  YMDD variant HBV was slow to become ap-
by lamivudine and upon withdrawal of lamivud- parent and was detected 12 to 116 weeks after ini-
ine, wild-type virus was restored. In 5 patients tiating therapy in patients with chronic hepatitis
who had received lamivudine 100 mg/day £62 B [31,34-38,40,41,43,44,46,47 52,57-66,68-72,74,75,77 After
months, HBV variants (M552V or M5521) were g and 12 months of therapy, respectively, 10 (4%)
detected by polymerase chain reaction (PCR) inand 37 (14%) of 285 Chinese patients treated with
sera collected 1 to 4 months prior to a marked in-|gmivudine (25 or 100 mg/day) had acquired YMDD
crease in HBV DNA level$?3 After lamivudine  yariant HBV genotype&5! In a pooled analysis of
resistance became apparent and the drug wag |arge, controlled, multicentre trials in which 558
withdrawn, the previously dominant variant HBV patients received lamivudine, 16 to 32% of patients
population was eclipsed by wild-type virus and yreated with lamivudine 100 mg/day had acquired
HBV DNA levels returned to pretreatment val- yypp variant HBV after 52 weeks (the Chinese
uesl**4%54In many patients in whom lamivudine  g,qy referred to above was included in this anal-
therapy was continued in spite of the presence Ofysis).[9°] Exploratory analyses showed that, after
resistant virus, HBV DNA levels remained below 24 weeks' treatment, those patients who were
pretreatment _VaIUéée"AG'Sl] _ . HBeAg-positive, had ALT levels >1.3 times the
_ These findings suggest that, in accord with the ,her jimit of normal (ULN) and HBV DNA levels
in vitro data cited above, YMDD variant HBV in  _5q pg/ml (by HBV DNA solution hybridisation
assay) had a 99% chance of harbouring YMDD

0.7 7 @ Lamivudine ] variant HBVI®% High pretreatment viral loads ap-
5 0.6 [ Penciclovir pear to be a predisposing factor for the emergence
2 05 of YMDD variant HBV.58.65] The therapeutic re-
< 0.4 sponse of patients carrying YMDD variant HBV is
'% 03 described in section 4.1.1.
g 02 HBV has a compact genome in which the open
s 01 ’_l_‘ ’7 reading frame for HBsAg is overlapped entirely by
0 that of the polymerase. Hence, mutations in the
EC, ECqo reading frame may result in amino acid substitu-

Fig. 4. Activity of lamivudine against hepatitis B virus (HBV) in  tions in both polymerase and HBsAg. However,

vitro. Concentrations of lamivudine and penciclovir (the active the portion of HBsAg that incorporates the se-
metabolite of famciclovir) that reduced HBV virion DNA levels

by 50 (ECso) and 90% (ECgo) in the culture medium of an HBV- quence corresponding to the YMDD motif of poly-
producing human hepatocellular carcinoma cell line (2.2.15).24 merase is embedded in the lipid envelope and does
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not contribute to the antigenicity of the protéfdl.  thy induced by zalcitabing91.103.104pancreatitis
Thus, substitution of isoleucine or valine for me- associated with didanosifi@!! zidovudine-induced
thionine in the YMDD motif did not alter the syn- myopathyt01.105] and haematotoxicity associated

thesis or binding properties of HBsAR:89:91] with 3’-fluoro-3’-deoxythymiding®3l For this rea-
son, the structure and function of hepatocellular
2.2 Cytotoxicity mitochondria were investigated by serial liver

biopsy and non-invasive 2-keto[fC] isocaproic

Lamivudine does not interfere with human DNA acid (KICA) breath testing in 15 patients receiving
synthesis and exhibits little cytotoxicity toward lamivudine 25 to 300 mg/day for chronic hepatitis
human cell lines (table ). The 3'-5" exonuclease B.[98 No evidence of mitochondrial toxicity was
activity of DNA polymerasey was capable of ex- detected at any time during the 24-week study (ta-
cising lamivudine 5monophosphate incorporated ple ).
during chain termination assa{/él Moreover, at
clinically relevant concentrations (0.01 to 0.03 5 3 Effects on Immune Function in Patients
pumol/L) lamivudine did not appreciably inhibit With Chronic Hepatitis B
DNA synthesis in intact mitochondri&?

Delayed mitochondrial toxicity is thoughtto be  An ineffective host cellular immune response
the mechanism of several adverse effects associatetbntributes to the development of chronic hepatitis
with nucleoside analogues, including fialuridine- B infection[1%] Furthermore, high levels of HBV
induced hepatotoxicitf?-192 peripheral neuropa- in patients with chronic hepatitis B may suppress

Table I. Results of human cytotoxicity studies with lamivudine

Cell growth and metabolism in  The CCso for lamivudine ranged from 150 to 3000 umol/L and the therapeutic index? was >1000 (2.2.15
vitro and HB 611 cells)?223

Lamivudine >20 pmol/L inhibited growth by 50% in 2.2.15, CEM and MT2 cells[?592

Lamivudine 0.1 to 10 pmol/L did not affect cell density, lactic acid formation, mitochondrial morphology or
mitochondrial DNA synthesis in HepG2 cells!®]

Lamivudine <25 umol/L did not inhibit cell growth, mitochondrial DNA synthesis or neurite regeneration in
PC12 cells®

Lamivudine 10 to 200 umol/L did not interfere with deoxynucleotide metabolism in U937 cells,®® and at 1
pmol/L the drug did not alter levels of deoxynucleotide triphosphates in CEM cells!*!

Mitochondrial toxicity in vitro Lamivudine 5'-triphosphate inhibited partially purified DNA pol y somewhat, (the 50% inhibitory
concentration was 43.8 pmol/L in 1 study,®® and the Ki was reported to be 0.01 umol/L in a further
study!*™)), and lamivudine >50 pmol/L reduced mitochondrial DNA concentrations by 50% in CEM cellsi?%]
In chain termination assays, the 3'-5’ exonuclease activity of DNA pol y excised incorporated lamivudine
5'-monophosphate!®’]

Lamivudine was not phosphorylated by mitochondrial deoxypyrimidine nucleoside kinase in cellular
extracts,' or in intact mitochondria (2.2.15 cells)!®
Lamivudine 0.01 to 0.03 umol/L did not inhibit DNA synthesis in intact mitochondrial'7]

Mitochondrial structure and Electron microscopy detected no morphological changes in mitochondria in liver biopsy specimens

function in 15 patients with obtained from patients before or during treatment with lamivudine

chronic hepatitis B receiving  There was no difference in KICA decarboxylation® in patients before, during or after lamivudine treatment,

lamivudine 25 to 300 mg/day  and no difference between patients and volunteers

for 24 weeksl®® The activity of mitochondrial DNA-encoded enzyme systems was similar in liver biopsy specimens
obtained before and during treatment with lamivudine

a Therapeutic index = CCso/ECso.

b As determined by non-invasive breath testing.

DNA pol y = human DNA polymerase y (mitochondrial DNA polymerase); CCsp = concentration required to produce a 50% reduction in

incorporation of tritiated deoxythymidine; ECso = concentration required to reduce HBV DNA levels in the cell culture medium by 50%; KICA

= 2-keto[1-14C] isocaproic acid.
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cytokine-mediated cellularimmune respon888.  distributes into total body fluid (volume of distri-
Thus, therapies which suppress HBV levels may re-bution 1.3 L/kg) and crosses the placenta (the drug
store T cell responsiveness in patients with chronicis present in amniotic fluid), where concentrations
hepatitis B. appear to equilibrate between the maternal and

Cellular immune responsiveness increased durfoetal circulation91121 The neonatal to maternal
ing treatment with lamivudine in patients with serum concentration ratio of lamivudine was 1.03
chronic hepatitis B. Statistically significant in- after administration of 300mg twice daily for a me-
creases in proliferation of T cells [in response to dian of 13.7 days in HIV-positive women prior to
stimulation with nucleocapsid antigens (HBeAg and parturition (n = 8)19.112] | amivudine is also ex-
HBcAg)] obtained from 12 HBV DNA-positive, creted in breast milk12]
HBeAg-positive patients with chronic hepatitis B The pharmacokinetics of lamivudine in patients
occurred during treatment with lamivudine 100 with chronic hepatitis B are generally similar to
mg/day (p < 0.05 vs pretreatment). The recoverythose in HIV-positive patient$® Serum concen-
inT cell responsiveness was temporally aSSOCiate@rations show a linear dose-dependent prdf-ﬂb
with suppression of HBV DNA levels in these pa- Steady state pharmacokinetic parameters in 6 pa-
tients!*%%l In contrast, there was no difference in tients with chronic hepatitis B receiving lamivud-
recombinant HBcAg-stimulated proliferation of je 100 mg/day are presented in table II.
PMBCs obtained from 9 patients with chronic | children aged 2 to 12 years with chronic hep-
hepatitis B before, during, or after treatment gijtis B the pharmacokinetics of lamivudine were
with lamivudine 100 mg/day plus interferan30  generally similar to those in HIV-positive paediat-
MU/week!1%9 However, in the latter study, the . patientd191131 A dosage of 3 mg/kg once daily
antiproliferative effects of interferon-may have i, children aged 2 to 12 years resulted in similar
prevented restoration of T cell responsiveness deéteady state parameters [area under the plasma con-
;pite suppression of viral replication by lamivud- centration versus time curve (AUGK mg/L- h:
ine [10¢) maximum plasma concentration£&) =1.5 mg/L

and minimum plasma concentrationg(g) =0.02

3. Pharmacokinetic Properties mg/L) to those in adults with hepatitis B receiving
100 mg/day!!dl Clearance of lamivudine was
higher in children than in adults, but declined with
age such that, by the age of 12 years, it was gener-
ally equivalent to clearance in adults (quantitative
data were not presented in this abstr&éd.

Renal excretion is the major route of elimina-
tion for lamivudine!’® Renal clearance (gl of
lamivudine exceeds the glomerular filtration rate;

A comprehensive review of the pharmacokinet-
ics of lamivudine, which includes data in patients
with chronic hepatitis B, was recently publishéd.
This section provides a brief overview of these
data, supplemented by information obtained from
other patient groups and healthy volunteers.

Lamivudine is well absorbed after oral admin-
istration and is widely distributed in the body.
Wide interindividual variation in absorption of
lamivudine has been reported (reViewed by JOhn'TabIell. Steady state pharmacokinetic properties of oral lamivudine
son et a[.19]). For example, in HIV-positive pa- 100 mg/day in 6 adult patients with chronic hepatitis B

tients receiving single oral doses of 100mg (N = Parameter Mean (range)

12), the mean absolute bioavailability was 86 to Cmax (mg/L) 11(0.8101.6)

88%; however, individual values ranged from 53 tmax (hours) 1(05t04)

to 105%(119 Food delays but does not alter the AYCz: (mg/L+h) 472 (34106.5)
ty,p (hours) 6.2 (4.0t09.5)

extent of absorption; hence, the drug can be admin : .

. . &il‘él] L ivudi . AUC24 = area under the plasma concentration versus time curve
istered thOUt regard to me . amlvg Ineis from 0 to 24 hours after a dose; Cmax = maximum plasma concen-
not extensively bound to plasma proteins (36%), tration; tmax = time to Crax; ty,p = terminal elimination half-life.
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hence active tubular secretion plays an important 3.1 Pharmacokinetic Drug-Drug Interactions

role in lamivudine excretioft14! Less than 5% of o _

adose is eliminated as an inactive trans-sulphoxide Lamivudine is not extensively bound to plasma

metabolite. proteins, has a low metabolic clearance and has no
Moderate or severe renal dysfunction signifi- €ffécton drug metabolisin vitro; hence, lamivud-

cantly alters elimination of lamivudine. Lamivud- IN€ has little potential for drug-drug interactions

ine clearance declined in proportion to the creatj-With drugs that are e.xtenswe;y metabolised and/or

nine clearance (G) in healthy volunteers and Nighly plasma protein bourié]

volunteers with moderate or severe renal dysfunc- "€ pharmacokinetics of lamivudine 100 mg/
tion[115] As a result, the dosage of lamivudine day were not altered by coadministration of inter-

feron-a 30 MU/week for 4 weeks in 14 patients
with chronic hepatitis B19! In patients with HIV
infection, there is no drug-drug interaction be-

should be modified in patients with moderate or
severe renal dysfunction [i.e. in those with,G1 3
L/hr (<50 ml/min); see section 6}15:116] Haemo-

dialysis had a modest effect on lamivudine phar—tWeen Iamlvudme and Z|d.ovu_d|rﬂ=9. ,
macokinetics in 6 volunteers with severe renal . 1here is a pharmacokinetic drug-drug interac-

dysfunction receiving a single 100mg dose; oral tion between lamivudine and cotrimoxazole (tri-

clearance (CI/F) was increased by 27% and themethoprim—suIfamethoxazolé)z.o] In patients with

mean AUC was decreased by 249 The mag- asymptomatic HIV infection (n = 14) who received

nitude of these changes do not warrant further mod? single 300mg dose of lamivudine, the AUC in-

e creased by 44% and Cdllecreased by 35% after

|f|cat|oq of th_e dosage beypnd that mgndgted byreceiving cotrimoxazole 800/160 mg/day for 4

the Clr in patients undergoing haemodialy5i daysl!?1l The pharmacokinetics of cotrimoxazole
The AUC, Gnax time to achieve fgax (tmax), CI/F ys: P

d C} of a single 300 ld f lamivudi were unaffected by lamivudine in this study. The
an otasingie Mg oral dose ot lamivudine putative mechanism for the interaction is competi-
were not statistically different in 16 patients with

g . . tive blockade of active tubular secretion of lam-
moderate or severe hepatic impairment (accordlnqvudine by the trimethoprim component of cotri-
to the results of 4*C-aminopyrine breath test and

_ e _ _ moxazold2% Although cotrimoxazole is frequently
by Child-Pugh criteria) due to cirrhosis (unrelated | ,goq a5 prophylaxis againBheumocystis carinii

to hepatitis B) and healthy controls (n =8)1 jnfection in orthotopic liver transplant recipients
Hence, dosage modifications are not warranted inyng in Hiv-positive patients, 2 populations likely
patients with decompensated liver dise#€. to receive lamivudine for chronic hepatitis B, this
Mean AUG, and CI/F in 6 healthy elderly (aged jnteraction is unlikely to be clinically significant.

265 years) Japanese men were 1.4 and 0.71 timeégowever, it remains to be determined whether the
those of 6 healthy young men (mean age 20.8pteraction between lamivudine and cotrimoxazole
years; p < 0.05 for elderlysyoung men), respec- s clinically relevant in patients receiving much
tively, after a single 100mg oral dose of lamivud- higher dosages of cotrimoxazole as treatment for
ine 118 Nonetheless, ax and t,5 of lamivudine  p. carinii pneumonia or in patients with severe re-
were similar in the 2 groups. Cbf lamivudine in  npal dysfunction.

the elderly men was 0.67 times that in young men
(p <0.0l) and AUC and Glwere significantly cor-
related with creatinine clearance [Clmean = 4.8
L/hr (79.7 ml/min) in elderly men and 6.6 L/hr
(110.8 ml/min) in young merf}-*8 The authors of Lamivudine has been studied in a wide variety
the study concluded that, in the absence of renabf patients with HBV. Randomised, placebo-
dysfunction, dosage adjustments were not requireadontrolled trials have been conducted in immuno-
in elderly patients!18] competent patients with chronic hepatitis B and

4. Therapeutic Potential in
Chronic Hepatitis B
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compensated liver disea®&122-125] including The Knodell histological activity index was used
HBeAg-negative, HBV DNA-positive patients to grade liver biopsy specimeffs.78:122,126,191,192]
presumed to be infected with HBV pre-core vari- The Knodell score is the sum of scores assigned for
antsl!28l The drug has also been studied in HBV periportal bridging necrosis (0 to 10), intralobular
DNA-positive liver transplant candidates with end- degeneration and focal necrosis (0 to 4), portal in-
stage liver disead@? 76.127-136IThe effect of lam- flammation (0 to 4) and fibrosis (0 to 111)9.3] Thus,
ivudine in HIV-positive patients co-infected with the assigned score ranges from 0 (no pathology) to

HBV has been describd@®:137-1461 amivudine has 22 (severe disease). The first 3 components are
been used in liver transplal§§;335257.76,77.147-169] measures of necroinflammatory activity and the

renal transplafi®:179-176land allogeneid’’1 and ~ fourth component, fibrosis, represents the healing
autologouB78 bone marrow transplant recipients ©f necroinflammatiort!%4 Hence, the sum of the

and in patients undergoing intensive chemotherfirst 3 components (referred to as the Knodell
apy for cancé#’6.179-18Liwith recurrent ode novo  Necroinflammatory score) was used as an indica-

chronic hepatitis B, including patients with fibros- {ion of necroinflammatory activity in most stud-
ing cholestatic hepatitis’2-174l and those unre- ies[45.78:122.125.126.191A histological response was
sponsive to famcicloviP2:59.148,151,156,161,162,182,183] cor_15|st_ently defined as a dgcrease of 2 or more
n Points in the Knodell necroinflammatory score
since in untreated patients the index often increases
by 2 or more points per year and spontaneous de-

Lamivudine plus hepatitis B immune globuli
(HBIg) have been used to prevent HBV infection

in nonimmune recipients of hepatic allografts ob- ! .
tained from anti-HBc-positive donof4 The creases of 2 or points are rdf&. Immunohisto-
chemical staining for markers of HBV infection

use of the drug in patients with chronic hepatitis B o S
ginp . . P HBcAg, HBsAgQ) and qualitative determination of

and decompensated liver disease has been re- L : : .
185 L . BV DNAn liver biopsy specimens were done in

ported(!85l Lamivudine has also been used in pa- 45

: . e iy 1 studyt*5!

tients with acute hepatitis B infectid#® includ- i _—

. . . . 1187189 Quantitative HBV DNA determinations were

ing patients with fulminant hepatiti§7-189] or . .

1100 - . the most commonly used measure of virus replica-

cholestasi$t®! Preliminary results of a dose find- . : S

. tudv i diatri tients with chronic h tion. The HBV DNA solution hybridisation assay

INg study In paediatric patients with chronic hepa-, o ¢ ysed in many studies to quantify HBVY DNA

iti i 13] . . : .
““%I_E are altso ava_lla?I[fl,l. d-points inint " concentrations in serum, although this assay is
€ most meaningtul end-points In INLETVENTion o 55 sansitive and precise than other commer-

studies in chronic hepatitis B would be measuresciaIIy available quantitative assays including the

of morbidity, such as progression of cirrhosis, the branched DNA probe assHy:%5:19] Qualitative
requirement for transplantation or the incidence of ;4 quantitative PCR assays, which are generally
hepatocellular carcinoma, and mortality, but Iong ,5re sensitive than HBV DNA solution hybridis-
term studies in large numbers of patients are ré4tion or branched DNA probe quantitative as-
quired to evaluate such outcomes. saysi197 were used in some studies.

In the absence of such studies, a variety of
markers were used to evaluate the efficacy of lam- 4.1 Studies in Immunocompetent
ivudine in patients with chronic hepatitis B. Histo- Adults With Chronic Hepatitis B and
logical improvement in liver biopsy specimens
was the primari}5122.125191lgr a secondafi?®!
end-point in several studies. Other outcome vari- In preliminary dose finding studies of 4 to 24
ables included quantitative measurements of HBVweeks’ duration, lamivudine 2.5 to 600 mg/day
DNA levels, HBeAg seroconversion rates and was evaluated in immunocompetent adults with
normalisation of ALT levels during treatment with chronic hepatitis B and compensated liver dis-
lamivudine. easd!98-2031|n general, all dosages of lamivudine

Compensated Liver Disease
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suppressed HBV replication to some extent duringcorticosteroids, or other immunomodulatory or
treatment, and after lamivudine was discontinuedantiviral therapy*®! Some studies excluded pa-
serum HBV DNA levels generally returned to tients co-infected with HIV, hepatitis C or D or
baselind198-202] Dpsages>25 mg/day were capa- those with decompensated liver dise&8é1?:126]

ble of reducing HBV DNA levels below the limit Patients had biopsy-proven chronic hepatitis B
of detection (HBV DNA solution hybridisation as- in 1 study and, based on the results of the pretreat-
say; LOD<1.5 pg/ml) within 2 to 4 week829.201]  ment liver biopsy, were stratified as having mild
In 1 study, HBV DNA levels were suppressed be- or moderate to severe hepatiti3.

low the LOD (10° genome equivalents/ml) of a The effects of lamivudine in immunocompetent
sensitive quantitative PCR assay in 46% of patientgpatients with chronic hepatitis B and compensated
treated with lamivudine 25 to 300 mg/day for 24 liver disease have also been described in case series
weeksl2%4 Dosages of 100 and 300 mg/day pro- and case repor{8}73130208-22lthe results of
vided significantly greater (p < 0.05) HBV DNA Which are not included here.

suppression than 25 mg/day in this stlg#§! Six o

months’ treatment with lamivudine 25 to 300 mg/ 4 -1 Lamivudine Versus Placebo

. Co The effect of 1 year’s treatment with lamivudine
day also reduced necroinflammatory activity in . - . . "
. . . . . in HBeAg-positive adults with chronic hepatitis B
liver biopsy specimens obtained from patients

: ; I and compensated liver disease was evaluated in 2
with chronic hepatitis B'92 The results of dose P .
. . . A . ... randomised, double-blind, placebo-controlled
ranging studies with lamivudine in patients with

. - . studied?>122lIn 1 study, 357 Chinese patients aged
chronic hepatitis B suggest that daily dosag&680 16 : Lo
to 70 years received lamivudine 25 or 100
mg/day are optimalf:98.199,201,202.205 (posage of y

_ __mg/day or placebo for 52 weeks$! In the second
100 mg/day was generally used in subsequent Cl'n'study, which was published as an abstract, 137
ical trials.

Patient lied in clinical trials with lamivud Western patients received lamivudine 100 mg/day
atients enrolled in clinical trials with lamivud- :

or placebo for 52 weeks after which treatment was
ine were HBV DNA_positiVéf15,78,119,122,126,191,206] P

- ) discontinued and patients were monitored for 16
had been HBsAg-positi#119126l and either | aekg122]

HBeAg-positivé*>11%lor HBeAg-negativé?® for Lamivudine produced profound suppression
>6 months and had compensated liver disease. Se\(i.e. below the LOD) in HBV DNA levels in both
eral studies required HBV Dl\{lég]evelist]o exceed a chinese and Western patients (table 111). Signifi-
prescribed threshold (i.@2.577* 251> or 210 cantly more Chinese patients treated with lamivud-
pg/mit9). ALT levels were required to be <10 jne 100 mg/day had undetectable HBV DNA levels
times the ULN prior to inclusion in 2 studié®:*2¢l | op <1.6 pg/ml) at some point during the 52-
In the 1 placebo-controlled study in HBeAg- week study than either lamivudine 25 mg/day or
negatlve patllents the presence of precore mutant§|acebo recipients (p < 0.001 for both Compari_
was not confirmed by DNA sequencifid® How-  sons), although it should be noted that baseline
ever, more than 98% of HBeAg-negative individ- HBV DNA levels were significantly (p = 0.04)
uals with chronic hepatitis B in the Mediterranean higher in placebo recipients than in patients treated
region, where most of the study sites were locatedywith lamivudine 25 mg/da{f®! In Western patients

harbour precore mutant HB%27] HBV DNA levels increased after withdrawal of
In 2 studies, only patients who had failed to sero-lamivudine 100 mg/dak?2
convert from HBeAg-positive to anti-HBe with In concert with suppression of HBV replication,

interferone were eligible for enrolmerf#!®1251in  |amivudine produced clinically significant histo-
other studies, patients may have received a prelogical improvements in Chinese and Western pa-
vious, unsuccessful course of interferatherapy, tients with chronic hepatitis B (table I11}5:122]
but were excluded if they had recently received After 52 weeks of treatment, 56% of Chinese and
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Table IlI. Effect of oral lamivudine (LAM) in adults with chronic hepatitis B in multicentre, randomised, double-blind, placebo-controlled trials

Study design  Treatment Baseline characteristics Outcome (end of treatment)
[duration of (mg/day) [no.  serum HBV serum serum HBV  changein  histological ~ worsening overall
treatment of patients] DNA-positive ~ HBVDNA DNAbelow  serum HBV improvement fibrosis in liver efficacy
(WK)] (% of patients) ~ (pg/ml) LOD (% of DNA(%) (% of biopsy (% of
patients) patients)? patients)

HBeAg-positive, HBV DNA-positive patients
Dienstaget ~ LAM 100 (66) 199°° 44rexe 52%rx S LAM > PL
all?#(52]  pL(71) 1070 16° 23 20
abstract
Lai et al.#%] LAM 25 (142) 954 47xbd 730 193f 4grrx 69 LAM > PL
[52] LAM 100 (143) 98¢ 6304 gpderst 19gfwxxt 5G** 30w

PL (72) g7 7104 230 1541 25 159
Tanikawa et LAM 100 (66) 501°h 199.7° LAM > PL
all®lfe]  pL(7y) 3160 150°
abstract
Yao et al.’?4 L AM 100 (322) 100 98xx LAM > PL
[12] abstract  p|_(107) 100 14¢
HBeAg-negative, HBV DNA-positive patients
Tassopoulos  LAM 100 (60) 92" 255 91hi 42 2 LAM > PL
etall®l[26]  py (64) 86" 95,5 26" NA NA

a Defined as a decrease of 22 points in Knodell necroinflammatory score vs baseline. The Knodell necroinflammatory score comprises
the sum of scores for periportal bridging necrosis (0 to 10), intralobular degeneration and focal necrosis (0 to 4), and portal inflamma-
tion (O to 4) in liver biopsies. The median baseline score was 6 among patients enrolled in the study by Lai et al.*5l and was 5 and 7
in patients randomised to lamivudine or placebo, respectively, in the trial by Tassopoulos et al.[2¢]

Mean.

HBV DNA assay not described.

HBV DNA solution hybridisation assay LOD <1.6 pg/ml.[45124]

On at least 1 occasion during the study.

Median.

Derived from graphs.

Branched DNA probe assay LOD <2.5 pg/ml.

At 24 weeks.

By intention to treat analysis at 52 weeks.

HBeAg = hepatitis B e antigen; HBsAg = hepatitis B surface antigen; HBV DNA = hepatitis B virus DNA; LOD = limit of detection; NA = not

available; PL = placebo; | = decrease; > = indicates that lamivudine was significantly more effective than placebo; *p = 0.04; **p < 0.01; ***p
<0.001 vs placebo; Tp < 0.001 vs LAM 25mg.

_ T o Tt 0o o o0 T

52% of Western patients treated with lamivudine patients, 26% of placebo ar&8% of lamivudine
100 mg/day, bu£25% of placebo recipients, had a 25 or 100 mg/day recipients had increased necro-
clinically significant reduction in the Knodell inflammatory activity after 52 weeks of treat-
necroinflammatory score (defined az2pointre-  mentl*3! Moreover,>15% of placebo recipients
duction) compared with baseline g0.001 for enrolled in these 2 trials had worsening fibrosis
lamivudine 100 mg/days placebo)451221 A after 52 weeks of treatment compared wif?o of
greater proportion of Chinese patients with moder-lamivudine 100 mg/day recipients §0.01; table
ate to severe hepatitis at baseline experienced hidil). [45.122]
tological improvement than those with mild hepa-  In contrast to the consistent reduction in serum
titis, although a statistical analysis of this trend wasHBV DNA levels and general improvements in
not presented (fig. 55! liver histology in response to lamivudine treat-
Liver disease was more likely to progress in pla- ment, there was no change in hepatocyte HBV
cebo than lamivudine recipients. Among ChineseDNA or HBcAg levels detected by immunohisto-
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chemical staining in biopsy specimens collected atof 357 patients had abnormal values] ALT levels
baseline and after 52 weeks of treatment withnormalised in 72 (68 of 95) and 65% (65 of 98),
lamivudine 25 or 100 mg/day or placel#8! respectively, of those treated with lamivudine 100
Lamivudine-treated patients were more likely to and 25 mg/day, but in only 24% (12 of 50) of pla-
experience HBeAg seroconversion than placebacebo recipients after 52 weeks (p < 0.001 for each
recipients. Significantly more Chinese (£64%, dosevsplacebo; fig. 7)43! Abnormal elevations in
p = 0.02}*% and Western patients (6%, p < aminotransferase levels were rare in Chinese pa-
0.04{1?2lfig. 6) treated with lamivudine 100 mg/day tients during treatment with lamivudine (1.1%; 3
than placebo converted from HBeAg-positive to of 285 patients) and were less frequent than in pa-
anti-HBe during 52 weeks of treatment. Among tients receiving placebo (4.1%; 3 of 73 patierifs).
Chinese patients, those converting from HBeAg to In the Western study, ALT levels generally im-
anti-HBe had lower HBV DNA levels, higher ALT proved in patients treated with lamivudine 100
levels and higher median Knodell necroinflamma- mg/day; however, in some patients, substantial in-
tory scores at baseline than nonresponé&fdn  creases in ALT levels occurred during treatment
the Western study, suppression of HBeAg withoutand follow-up. In patients in whom ALT levels
seroconversion to anti-HBe occurred in approxi- were elevated at baseline, ALT levels normalised
mately 3-fold more patients treated with lamivud- in significantly more lamivudine 100 mg/day than
ine 100 mg/day than placebo (32 11%; fig. 6);  placebo recipients after 52 weeks’ treatmenty41
80% of these patients remained HBeAg-negative7%: p < 0.001)122 Grade 3 elevations in ALT (3.1-
after 16 weeks of follow-uff?2l Seroconversion to 10-fold increases over baseline) occurred in
from HBsAg-positive to anti-HBs was not reported <159 of patients in each group during treatment,
in any patient in either studg?122 and in 22 and 6% of lamivudine and placebo-
Lamivudine generally reduced ALT levels in treated patients, respectively, during 16 weeks of
these triald?5122l Among Chinese patients with follow-up.122 Grade 4 elevations in ALT (>10-
elevated ALT levels at baseline [median baselinefg|d increases over baseline) were documented in
ALT was 1.5 times the upper limit of normal <504 of patients during follow-up, but were infre-
(ULN), and ranged up to 15-times the ULN; 243 quently associated with bilirubin elevations (one
patient in each groug}?2
At the end of the 52-week study in Chinese pa-
B Moderate/severe . . . ..
70 - o Mild tients[#! lamivudine 100 mg/day recipients were

60 randomly allocated to a further 52 weeks of dou-

.gﬁ ble-blind treatment with lamivudine 100 mg/day
35S 07 (n =93) or placebo (n = 41§22l HBV DNA levels

% é 40 7 remained suppressed below the LGL1 6 pg/ml)
52 30+ for a further 52 weeks in 47 of 90 (52%) patients
28 5] who continued lamivudine, but in only 2 of 41
3 10 - (5%) patients assigned to placebo (p <0.081

. lamivudine 100 mg/day¥22 Moreover, the pro-
LAM 100 mg/day LAM 25 mg/day Placebo portion of patients who seroconverted from

, < tological o dwith lami HBeAg-positive to anti-HBe, among those treated
Fig. 5. Histological improvement in patients treated with lamiv- . . . . .
udine (LAM). Histological improvement in liver biopsies after 52 ConthOUSIy with lamivudine 100 mg/day’ n-
weeks of lamivudine 25 (n = 142) or 100 (n = 143) mg/day or creased from 17% (16 of 93) after 1 year to 27%
placebo (n = 72) in Chinese patients with mild or moderate/ (25 of 93) after the second year. After 2 years of
severe necroinflammatory activity in baseline.3 Histological . . .

4 4 9 treatment with lamivudine 100 mg/day, ALT levels

improvement was defined as a reduction of =2 points in the ) " - e
Knodell necroinflammatory score. had normalised in 50% of patients. Data pertaining
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Lamivudine Placebo

E HBeAg-positive
O HBeAg-negative
O Anti-HBe-positive

Fig. 6. Seroconversion during treatment with lamivudine. Percentage of patients who lost HBeAg and seroconverted to anti-HBe
after 52 weeks of treatment with lamivudine 100 mg/day (n = 66) or placebo (n = 71) in a multicentre, randomised, double-blind US
study.['22 Seroconversion was defined as the absence of HBeAg and HBV DNA, and the presence of anti-HBe in serum. All patients
were HBeAg-positive prior to treatment. *p < 0.04 vs placebo. Anti-HBe = antibodies to HBeAg; HBeAg = hepatitis B e antigen; HBV
DNA = hepatitis B virus DNA.

to placebo-treated patients were not provided intients had acquired YMDD variant HB%241 In pa-
the abstrack?? tients harbouring YMDD variants fa2 years who

In addition to continued suppression of HBV 1,4 continued to receive lamivudine 100 mg/day,
DNA replication anq increased frequen_me§ of median HBV DNA levels (5.9vs 77.2 pg/ml at
HBeAg seroconversion and ALT normalisation, baseline) and median ALT levels (1.5 times ULN

histological improvement continued throughout 21 ULN at baseli | than b
the second year of treatment with lamivudine in vselimes at baseline) were lower than base-

Chinese patients. Of 19 patients enrolled at 1 studyNe values; comparative data from placebo-treated
site and treated with lamivudine 25 or 100 mg/day Patients were not presented in the absti&ét.

for 2 years, 89% had an improvementd points YMDD variant HBV is acquired by a consider-
in the Knodell necroinflammatory score. The me- able proportion of lamivudine recipients during
dian necroinflammatory score decreased from 7 at

baseline to 4 and 1, respectively, after 1 and 2 years B Baseline

of continuous treatment with lamivudine 100 80 B Week 52
mg/day; there was no change in the median score
for fibrosis (comparative data were not provided in
the abstractlt23] Consistent with the finding after
52 weeks of treatment (see section 2.1.2), efficacy
responses were apparently not affected by the pre-

Percentage of patients
5
o

sence of YMDD variants (5 patients had YMDD 0

variant HBV) 5] & & &
Data are now available from a further 52- & o <

week randomised extension of the Chinese study @&&

(i.e. some patients have received 3 years of treat- @(@\) &@\

ment)[224 Among 58 Chinese patients who re- ~

ceived lamivudine 100 mg/day continuously for 3 Fig. 7. Improvement in ALT levels during treatment with lamivud-
years, 44% had HBV DNA levels below the LOD ine in Chinese patients. Percentage of patients with elevated
< 0, i_ALT levels at baseline and after 52 weeks of treatment with
(_1'6[2[2)‘%/“”) and 33% had serqconverted to anti lamivudine 100 (n = 143) or 25 (n = 142) mg/day or placebo (n
HBe! After 3 years of continuous treatment — 72) in a multicentre, randomised, double-blind study.[451*p <
with lamivudine 100 mg/day, 49% (27/55) of pa- 0.001 vs placebo.
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treatment. 16 to 32% of patients enrolled in 4 largewith lamivudine 100 mg/day for 52 weeks in a
randomised, controlled, multicentre trials acquirednoncomparative study®! Among the 20 patients
YMDD variants after 52 weeks of treatment with enrolled in the study (11 of whom were HBeAg-
lamivudinel® The median HBV DNA level was negative), a reduction o$2 points in Knodell
80% lower than baseline in these patients andnecroinflammatory score between baseline and
sustained ALT normalisation and histological re- end-point was obtained in 19 and an improvement
sponses were significantly more common in thesen fibrosis was noted in 7 (median necroinflamma-
patients than in those receiving placebo (the signif-tory scores at baseline and end-point were 9 and 6,
icance level was not provided in the abstrdd¥). respectively; p <0.001). YMDD variant HBV was
These findings suggest that, although lamivudine-detected in 1 patient during the study and in 5 fur-
resistant HBV emerges in some patients duringther patients during treatment which extended
long term lamivudine therapy, the status of thesebe€yond 52 weekE?]
patients is generally improved over baseline when A pooled analysis of data from 3 clinical trials
lamivudine therapy is continued. Nonetheless, comProvides evidence that treatment with lamivudine
parative studies, in which patients with YMDD r_educes_ the rate of prog_r_ession to cirrho_sis in pa-
variants are allocated to further treatment with lam-i€nts with chronic hepatitis B. Of 578 patients en-
ivudine or no treatment, are required to determine!led in these trials 9% of those assigned to pla-
the optimal management strategy for patients withC€P0 and 5% of those assigned to lamivudine
YMDD variant HBV. Until such studies are done, (d0sage not specified) had cirrhosis at baseline
the management of such patients must be decide&€fined as a score of 4 on the fibrosis component
on an individual basis. ;)f the Knodfell histologic atct|v_|tyh|nd_ex{?.;51 Tfe
A requency of progression to cirrhosis after 1 year
|ev;?smé\;Tgxfh]éOEg§$féS;g%%ﬁSSidgggxiNA of treaj[ment was 1.80(4 of 219 pati_ents), 7_.1 (7 of
placebo; table Ill) and led to normalisation of ALT ?9 ptagen.t;? Iand. 9'2./0 (ié)(]; 42 EJdanentls), w;)thosg
levels in a significantly greater proportion of pa- reated with famivudine mg/day, placebo an

i ; 225]
tients than placebo in a 12-week, placebo-control-lntlearfelr,on,a’ resg)etctlvel)i. t that anti-HB
led trial conducted in Chinese patients (ALT levels reiminary data suggest that anti-rbe sero-

normalised in 60% and 27% of lamivudine or pla- conversion 15 duraple after_lamwuc!me Is discon-
- . i 1 tinued in patients with chronic hepatitis B. 31 of 34
cebo recipients respectively; p < 0.01%*

Lamivudine 100 mg/day reduced HBV DNA patients who seroconverted during treatment with

HBeAg and ALT levels in Japanese patients with lITlln]cII\i/#i?:lgletr(gcl)savg:rgOatniﬁzcg:ae-d)olsni t?vheaz(:télrznd
chronic hepatitis B. Mean HBV DNA levels were P

considerably lower in lamivudine- than placebo median follow-up of 6 months (range 0 to 12
: i "~ months)l226l Comparative data were not provided
treated patients (table [1323]Mean ALT levels de- ) D P

. T ) in this abstract?26! This suggests that withdrawal
clined significantly from 143,”‘”", at baseline to of lamivudine may be feasible in patients who ex-
41'_5 _lU/L at end-point in I_arnwudme 100 mg/day perience HBeAg seroconversion. Large prospec-
recipients. In placebo recipients mean ALT levels ;o studies with long durations of follow-up are
remained elevated during the study (142.6 IU/L at required to confirm this suggestion.

baseline and 127.6 IU/L after 16 weeks) and 3 pla-
cebo recipients were hospitalised for serious ALT || HBeAg-Negative, HBV DNA-Positive

elevations (range 438to 1016 U/E$3IHBYV DNA Patients with Chronic Hepatitis B
and ALT levels returned to baseline during 8 weeks  Patients with chronic hepatitis B who carry
of follow-up. precore mutant strains of HBV generally do not

Clinically significantimprovements in liver his- respond as well to interferoa-as do HBeAg-
tology were obtained in Japanese patients treate@ositive patients. Although some patients infected,
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or presumed to be infected, with precore mutantstinuing lamivudine therapy, 6 of 54 patients (11%)
initially respond to interferorx (i.e. become HBV  continued to have a complete response (30% of
DNA-negative), sustained responses are F8f@281  patients had undetectable HBV DNA levels and
Thus, effective alternative antiviral therapies for ALT levels were within normal limits in 17%4%2°]
chronic hepatitis B would be especially useful in This suggests that ongoing lamivudine therapy is
such patients. The effect of lamivudine in HBeAg- required to provide ongoing suppression of HBV
negative, HBV DNA-positive patients with com- replication.
pensated liver disease presumed to be infected with Partial responses, defined as undetectable HBV
precore mutant strains of HBV was studied in a DNA levels without normalisation of ALT levels,
multicentre, randomised, placebo-controlled #ig#l ~ occurredin 15 (28%) and 11 (20%) patients treated
Similar to its effects in HBeAg-positive patients with lamivudine or placebo, respectively, for 24
with chronic hepatitis B, lamivudine was generally weekd126! Although there were 5 (9%) nonre-
effective in suppressing HBV replication and sponders (HBV DNA=2.5 pg/ml) in the lamivud-
ameliorating liver disease in HBeAg-negative, ine group, serum HBV DNA levels after 24 weeks’
HBV DNA-positive patientd!26! After 24 weeks’  treatment (range 3 to 38 pg/ml) were substantially
treatment, significantly more patients treated with lower than baseline levels. 74% of placebo recipi-
lamivudine 100 mg/day than placebo had undetectents (40 of 54 patients) were nonresponders after
able HBV DNA levels (LOD <2.5 pg/ml) and ALT 24 weeks' treatmeri#26]
levels within the normal range, the primary effi-  Hepatic necroinflammatory activity in these pa-
cacy end-point in the study (fig. 826! Lamivud-  tients decreased significantly during treatment
ine recipients with undetectable HBV DNA levels with lamivudine. Among those patients from whom
at week 24 continued lamivudine treatment for aevaluable liver biopsies were obtained at baseline
total of 52 weeks; 65% of these patients (35 of 53)and after 52 weeks’ treatment with lamivudine,
had a complete response after 1 yézd, 60% (25 of 42) had a reduction &R points in the
When lamivudine was discontinued most pa- Knodell necroinflammatory score (biopsies were
tients experienced relapses. 24 weeks after discomot obtained in placebo recipients); 5 patients

Lamivudine Placebo

20

74

E Complete response (%)
O Partial response (%)
0 No response (%)

Fig. 8. Clinical responses to lamivudine in HBeAg-negative, HBV DNA-positive patients with chronic hepatitis B. Percentage of
patients with complete responses (HBV DNA levels <2.5 pg/ml and normalisation of ALT levels) partial responses (HBV DNA levels
<2.5 pg/ml without normalisation of ALT) or no response (HBV DNA levels 2.5 pg/ml) after 24 weeks’ treatment with lamivudine 100
mg/day (n =54) or placebo (54) in a multicentre, randomised, double-blind clinical trial.[:28l HBV DNA = hepatitis B virus DNA; *p<0.001
vs placebo.
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showed worsening of necroinflammatory activity or interferonet monotherapyt®l liver biopsies
(increase of>2 points)126] The median Knodell were obtained at baseline and either 28 or 36 weeks,
necroinflammatory scores at baseline and week 52espectively, after the completion of therapy (i.e.
were 5 and 2, respectiveli?él Moreover, fibrosis 52 weeks after the initiation of therapy).

improved in 11% (5 of 44) and remained un-  The pattern of histological responses differed
changed in 86% (38 of 44) of lamivudine recipi- between the 2 studies. In 1 trial, which enrolled
ents[1?6] These results demonstrate that the effec-only interferone-naive patients, there were no sta-
tiveness of lamivudine in HBeAg-negative patients tistical differences among the 3 treatment groups
with chronic hepatitis B is generally similar to that in the proportion of patients with histological
in HBeAg-positive patients. improvement (defined as an decrease®fin the
Knodell necroinflammatory score; fig. 9P Un-
fortunately, a placebo group, which would have
aided interpretation of these results, was not in-
cluded in this study. Only patients who had not
responded to a previous course of interfeon-

with compensated liver dised¥§:125191.206]gng >~ L Y. 9
ical improvements were significantly greater in

HBeAg-negative HBV DNA-positive patients with . . LI
compensated liver dised®®! has been reported in patlents treated with lamivudine 100 mg/day than

several studies, most of which have been publishe(#n those tr_eated with Ie'thEr Ianllvudm(?fplu; |Q]ter-
as abstractd25.191.206230IThe combination was ¢ 0% (p=0.01) or placebo (p =0.002; fig. 5.

compared with monotherapy with lamivudit?& 1911 The clinical significance of these findings is un-
or interferone [119.191.20610ne trial included a pla- clear because biopsies were obtained at the end of

cebo group!2s! treatment in patients receiving lamivudine mono-
Lamivudine combined with interferon-therapy ~ t€rapy and after a lengthy period of follow-up in

suppressed HBV DNA levels in HBeAg-positive those treated with the combination or interfermn-
patients with chronic hepatitis B (table Iv). Only monotherapy.

patients who had not responded to 1 or more pre- HB€Ag seroconversion occurred in less than
vious courses of interferoa-therapy £13.5MU one-third of patients treated with lamivudine alone,

per week x =16 weeks) were included in 1 interferona alone or the 2 drugs in combination
study!119 HBV DNA levels remained detectable (table1V). There were no statistical differences be-
after 4 weeks of treatment with interferanin the ~ tween treatment groups in the proportion of pa-
6 patients randomised to receive interfemplus  tients who experienced HBeAg seroconversion in
placebo, but declined to below the LOBpg/ml)  any trial; however, the length of follow-up differed
when lamivudine 100 mg/day was added duringgreatly between treatment groups, which hampers
the final 12 weeks of the studit9 interpretation of the result$!9.125.191|n 1 trial,
Histological responses as measured by change§eroconversion rates 52 weeks after the initiation
in the Knodell necroinflammatory score were Of therapy (and after 28 or 36 weeks of follow-up
measured in 2 studies in which patients in 1 treat-in patients treated with the combination or inter-
ment group received lamivudine plus interferon- feron-a monotherapy, respectively) ranged from
0.[125.191] |n poth of these studies liver biopsies 18 to 29%; 12 weeks later, seroconversion rates
were obtained at baseline and after the completiornf 20, 22 and 25%, respectively, were documented
of 52 weeks of treatment with lamivudine mono- in patients treated with lamivudine 100 mg/day for
therapy*2519 or placebo (fig. 9}12% In patients 52 weeks, interferom 30 MU/week alone for 16
randomised to lamivudine plus interferom?5.191]  weeks or combined lamivudine plus interferan-

4.1.2 Lamivudine Plus Interferon-a

In this section studies in which lamivudine was
compared with interferom and/or combined with
interferonea will be reviewed.

The effect of lamivudine plus interferom-in
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Table IV. Effect of oral lamivudine (LAM) plus subcutaneous interferon-a (IFN) in HBeAg-positive, HBsAg-positive patients with chronic
hepatitis B in randomised trials

Study design Treatment (mg/day)? [no. of patients] Patients with Outcome (at end of treatment)
[duration of elevated serum HBVDNA  HBeAg normalisation  histological
treatment (wk)] ALT levelsat  pelow LOD  seroconversion of serum ALT improvement

baseline (%) (% patients) (% patients) (% patients) (% patients)?

HBeAg-positive, HBV DNA-positive patients

Heathcote et LAM 100 x 52 weeks [82] 95 18 4071t 38
all®me, r,nb  |EN 30 MUK x 16 weeks [69] 9% 19 17 36
[52]° abstract | AM 100 x 8 weeks, then LAM 100 95 29 25 28
plus IFN 30 MU/wk x 16 weeks [75]
Kim et al.%ly,  LAM 150 plus IFN 13.5 MU/wk [12] 100 1009 75
nb [24] abstract  |FN 13.5 MU/wk [14] 100 854 64
Mutimer et LAM 100 plus IFN 30 MU/wk [14] 79 100f 29 73
a9 me, 1, db, |FN 30 MUAWK plus PL X 4 weeks, 100 100' 0 83
pc [16]° then, LAM 100 plus IFN 30 MU/wk X
12 weeks [6]
Schiff et al.l'?l  LAM 100 X 52 weeks [238]9 18 44511 527
mc, r, b [52]°  |LAM 100 X 8 weeks, then LAM 100 12 18 32
abstract plus IFN 30 MU/wk X 16 weeks
PL X 52 weeks 13 15 25
HBeAg-negative, HBV DNA-positive patients
Alexopoulou et LAM 150 plus IFN 13.5 MU/week [20] 95"
al®r, nb [26]  GAN 750 plus IFN 13.5 MU/week [20] 60"
abstract No treatment [20] NA

a IFN was administered 3 times per week.

b Defined as a decrease of 22 points in Knodell necroinflammatory score (the sum of scores for periportal bridging necrosis, intralobular
degeneration and focal necrosis, and portal inflammation in liver biopsies).

Outcomes at week 52 are presented for this study. The median baseline Knodell necroinflammatory score in all patients was 4.
HBV DNA assay not described.

Patients had not responded to at least 1 previous course of IFN (= 13.5MU/week x =16 weeks19).

Abbott HBV DNA solution hybridisation assay; LOD <3 pg/ml.

Total number of patients enrolled in the study.

h  Roche quantitative PCR assay; LOD <400 copies/ml.

db = double-blind; GAN = ganciclovir given orally; HBeAg = hepatitis B e antigen; HBsAg = hepatitis B surface antigen; HBV DNA = hepatitis
B virus DNA; LOD = limit of detection; mc = multicentre; MU = million units; NA = not available; nb = nonblind; pc = placebo-controlled; PL
= placebo; r = randomised; *p = 0.002; **p<0.001 vs placebo; Tp = 0.01; p = 0.005 for LAM vs LAM plus IFN; p = 0.007 for LAM vs IFN.

Q ™ 0o a O

for 24 weekd!91 Longer durations of follow-up ALT levels returned to baseline during 16 weeks of
will be required to determine the durability of follow-up.[*19 Interpretation of the results in the

HBeAg serconversion in these patients. other 2 trials is difficult because of the unusual
Normalisation of ALT occurred in patients re- study desigrit25191]
ceiving lamivudine monotherapy, interferan- The effect of treatment for chronic hepatitis B

monotherapy and combined lamivudine plus inter-on work productivity was assessed in 1 trial. Pa-
feron-a in comparative trials (table 1V). Although tients receiving lamivudine 100 mg/day plus inter-
ALT normalisation rates of 64 to 83% were ob- feron-a 30 MU/week for 24 weeks lost signifi-
tained with combined lamivudine plus interferon- cantly more work-days (mean =13.9) than patients
a or interferonet monotherapy at the end of treat- receiving lamivudine 100 mg/day (mean=7.1;p <
ment in 2 trials, the durability of these responses0.001vs combination therapy) or placebo for 52
was not reported in 1 tri#P8l and in the other trial  weeks (mean = 4.3; p = 0.0&&combination ther-
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apy)[231l There was no statistical difference in the with either lamivudine 150 mg/day plus interferon-
number of work-days lost between lamivudine anda 13.5 MU/week, oral ganciclovir 750 mg/day plus
placebo recipients. interferonat 13.5 MU/week or placebB3° After
. » 26 weeks of treatment, a greater proportion of

In HBeAg-Negative, HBV DNA-Positive lamivudi lus interf th iclovir ol

Patients with Chronic Hepatitis B lamivudine plus interferom than ganciclovir plus
ganciclovir in suppressing HBV replication in pa- below the limit of detection (LOE400 copies/ml;
tients with chronic hepatitis B. Preliminary results table V)29 ALT levels normalised in all patients
are available from 1 trial in which 60 patients with receiving active treatment. HBV DNA levels re-
chronic hepatitis B were randomised to treatmentbounded after withdrawal of antiviral therapy. Re-

Chronic hepatitis B
IFN-a-naive
n =226

Chronic hepatitis B
Refractory to IFN-a
n =238

LAM 100 mg/day IFN-a 30 MU/wk LAM 100 mg/day LAM 100 mg/day LAM 100 mg/day Placebo daily
x 52 weeks X 16 weeks X 8 weeks x 52 weeks X 8 weeks x 52 weeks
LAM 100 mg/day LAM 100 mg/day
+ +
Noltreatment IFN-a 30 MU/wk IFN-a 30 MU/wk
305 el X 16 weeks x 16 weeks
No treatment No treatment
X 28 weeks X 28 weeks
60
T
& 507 50
€
£
g 407 40
<}
3
'r_; 30 30
o
>
o
o -~ -
2 20 20
2
£
2 10 10
0
c
2
g o- 0-
LAM IFN LAM + IFN LAM LAM + IFN Placebo

Fig. 9. Histological improvement in patients treated with lamivudine (LAM) alone, or in combination with interferon-a (IFN-a).
Histological improvement in liver biopsies between baseline and at the end of treatment (i.e. week 52) in 2 randomised, multicentre
studies which enrolled only IFN-a-naive,!*° or IFN-a-refractory patients.[*?5! In both studies, patients received lamivudine 100 mg/day
alone for 52 weeks or lamivudine alone for 8 weeks then combined with IFN-a 30 MU/week for 16 weeks. A third group received
IFN-a 30 MU/week alone in the study by Heathcote et al. (left);*%U or placebo for 52 weeks in the study by Schiff et al. (right).[25]
Histological improvement was defined as a reduction of 22 points in the Knodell necroinflammatory score. *p = 0.002 for LAM vs
placebo; Tp = 0.01 for LAM vs LAM plus IFN-a.
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sults in patients assigned to placebo treatment werstudies in liver transplant candidates with HBV-as-
not presented in the abstract. sociated end-stage liver disease. The use of lamiv-
- . udine in this population has also been described in
4.1.3 Lamivudine Versus Famciclovir

. X . { 7,150,152,174,212,237,238]
Lamivudine monotherapy was more effective case reports and case sefiés,

than famciclovir monotherapy in inhibiting HBV which are not discussed further. _
replication in patients with chronic hepatitis B.  Patients enrolled in these studies had chronic

Preliminary data from a randomised, nonblind trial hepatitis B with decompensated cirrhosis and were
in which Chinese patients were treated with lam-POSitive for HBV DNA and/or HBeAg?2 76127130
ivudine 100 mg/day (n = 50) or famciclovir 500mg Patients with liver failure due to causes other than
3 times daily (n = 50) have been published in anchronic hepatitis B27land those co-infected with
abstract?32 HBV DNA suppression occurred more hepatitis C (HCV) or D or HIV were excluded from
rapidly and a greater proportion of lamivudine- 2 trials/*27128las were patients with a recent (i.e.
than famciclovir-treated patients experienced a re<3 month&27) history of antiviral therap{#?"! or
duction of >2 log in HBV DNA levels or were those requiring retransplantatié’]

HBV DNA negative (78vs 8% p < 0.0001; LOD Patients received oral lamivudine
<2.5 pg/ml) after 12 weeks’ of treatmei2l ~ 1003276127.128.13413Gpr 150 mg/dayt29.131-133.13%]
Moreover, 45% of famciclovir recipients were The dosage of lamivudine was not stated in 1 re-
nonresponders (HBV DNA levels decreased byport[*39) HBIg was administered during surgery
<0.5 logy) at the end of treatment compared with and was continued for at least 6 months after trans-
only 2% of lamivudine-treated patients. Fam- plantation. The duration of lamivudine therapy
ciclovir recipients were switched to lamivudine before transplantation was2 weeks in studies
100 mg/day after 12 weeks; within 4 weeks HBV that reported this parameté#?-130.1331_amivud-
DNA levels had decreased by >2 legog/ml or  ine was started on the first day after transplanta-
were undetectable in 76% of patients (i.e. a similartion in 1 study32

proportion to those treated with lamivudine inthe  When started before transplantation, lamivudine
first part of the study}?%2l Although preliminary,  suppressed serum HBV DNA levels in most liver
these results suggest that lamivudine provides sutransplant candidates with chronic hepatitis B and
perior suppression of HBV DNA replication than end-stage liver disease (table §3127-130,134,136]
famciclovir in patients with chronic hepatitis B. HBV DNA was not detected (by PCR) in post-
This finding is consistent with the resultsiofvitro  transplantation liver biopsies ®64% of patients

studies in human cell lines (section 2.1.1). in 3 studies in which lamivudine was used alone
o _ (table V)[127.128.130\Moreover, HBcAg was absent

4.2 Studies in Liver Transplant Candidates from liver biopsy specimens in most of these pa-
with Chronic Hepatitis B tients[127-1301These findings suggest that lamivud-

Patients with chronic hepatitis B, end-stageine protected the grafted liver from reinfection in
liver disease and HBV DNA in serum are poor can- SOme patients.
didates for liver transplantation because of the high  Lamivudine plus HBIg appears to be very effec-
rate of recurrent hepatitis after transplanta-tive in preventing reinfection of the grafted liver.
tion.[7:233-235]|n the absence of prophylactic treat- In patients treated with lamivudine prior to trans-
ment for hepatitis B recurrence, 80 to 90% of pa- plantation and lamivudine plus HBIg after trans-
tients develop recurrent hepatitis B after liver plantation, no evidence of hepatitis B replication
transplantatior?38] In an attempt to improve out- (e.g. HBV DNA, or HBeAg in serum) was evident
comes after transplantation, lamivudine was admin4n all but 2 patients for whom data is available
istered aloni@2.127.128.130knd in combination with  (table V)[76.129.131IThe dosage regimens for HBIg
HBIgl76129.131-136lin nonblind, noncomparative varied greatly in these trials: hence, further study
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Table V. Effect of oral lamivudine (LAM) given before and after orthotopic liver transplantation in HBsAg-positive and/or HBV DNA-positive
patients in nonblind, noncomparative studies

Reference Baseline characteristics®  Regimen (duration of Outcome (post-transplantation)?
HBV DNA+ HBeAg+ treatment after HBV DNA+ HBsAg+ HBeAg+ HBCcAg+

transplantation; wk)

Bain et al.lt?1  4/4b 414 LAM 100 mg/day [12 to 104] 2/4P 2/4 2/4 2/4

Grellier et al.*?8l 11/11° 3/11 LAM 100 mg/day [12 to 52] 3/11P 2/11 111 111

Van Thiel et 4/4° LAM [16 to 52] 0/4> 0/44 0/4

a|.[130]

Wright et al.B2  11/38¢ 18/37 LAM 100 mg/day [52] 0/34 (wk24)® 5/31 (wk24) 2/32 (wk24)

abstract 2/11 (Wk52) 2/12 (Wk52) 2/12 (Wk52)

Lamivudine in combination with hepatitis B immune globulin (HBIg) f

Dodson et 1/5 1/5 LAM 150 mg/day plus HBIg 0/4h

al.l%2 abstract [r = 20-52)9

Han et al.[13%] LAM 150 mg/day plus HBIg 0/15

abstract [m=81;r=31-138]

Markowitz et 5/14' 114 LAM 150 mg/day plus HBIg 0/13K 0/13 0/13 /2!

al.l129] [r=19-75]

Marzano et 34/41 8/41 LAM 100 mg/day plus HBIg 0/31™ 0/31 0/31

al.l'34 abstract [m = 66]

McCaughan et 14/14 LAM 100 mg/day plus HBIg 0/14 0/14 0/14

al.l"® abstract [md = 56]

Roche et al.['3]  15/15¢ 5/15 LAM 100 mg/day plus HBIg 1/15" 1/15

abstract [r=12-144]

Terrault et LAM 150 mg/day plus HBIg 0/23

al.l'31 abstract [md = 55; r = 1-114]

Yao et al.[33] LAM 150 mg/day plus HBIg 1/10° 1/10 /1!

abstract [md = 36; r = 24-64]

Number of patients with the characteristic/total number of patients.

By PCR (LOD not stated).

By branched DNA probe assay (LOD <2.5 pg/ml).

By immunohistochemical staining of liver biopsy specimens from the grafted liver.

HBV DNA assay not specified.

In several studies,12%:131.132.135] natients received HBIg 10 000IU IV during the anhepatic phase, then 10 000IU daily for <7 days, and
then once or twice monthly. After 6 months, the dosage of HBIg was reduced to 10001U IM every 3 weeks in 1 study*3 and was dis-
continued in another study.*34 Marzano et al.l*34 gave patients HBIg 42 000IU IV for 10 days, then 5001U IV every 2 days while in
hospital, then 3000IU IV every 15 days. McCaughan et al.[’®! gave patients HBIg 400IU daily for 1 week, then weekly for 1 month, then
once per month. Roche et al.l*3¢] gave patients HBIg to maintain an anti-HBs titre >500 IU/L. Yao et al.[*33] gave patients HBIg 45ml IV
daily for 7 days, then 5ml IM weekly for 1 month, then every 3 weeks.

g LAM was started on postoperative day 1.

h  One patient died 1 month after transplantation due to technical complications.

i By dot-blot hybridisation (LOD < 200 pg/ml).

j By PCR (LOD < 100 copies/ml).

k  One HBV DNA-negative, HBeAg-negative patient died 7 weeks after transplantation from complications of cardiac surgery.

- 0O QO O T o

| HBcAg immunohistochemistry was reported for 2 and 1 patients, respectively, in the studies by Markowitz et al.?2% and Yao et al.l33]
m 31 patients underwent liver transplantation.

n  One patient, who was HBV DNA+ at the time of transplantation, died of acute hepatitis B recurrence 3 months after transplantation.
o Adequate anti-HBs titres were not achieved in 1 patient who developed recurrent hepatitis B 6 months after transplantation.

HBcAg + = hepatitis B ¢ antigen-positive by immunohistochemical staining in biopsy specimens taken from the grafted liver; HBeAg+ =
hepatitis B e antigen-positive in serum; HBIg = hepatitis Bimmune globulin; HBsAg = hepatitis B surface antigen; HBsAg + = HBsAg-positive
in serum; HBV DNA = hepatitis B DNA; HBV DNA+ = HBV DNA-positive in serum; IM = intramuscular; IV = intravenous; LOD = limit of
detection; m = mean; md = median; PCR = polymerase chain reaction; r = range.
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is required to determined the optimal prophylactic 87% (45 of 52) of patients were HBeAg-positive.
dosage regimen in liver transplant recipients. After 52 weeks’ treatment, 60% of patients (28 of
Preliminary evidence suggests that lamivudine47) were HBV DNA-negative by solution hybrid-
may be an effective alternative to continued HBIg isation assay (LOX1.6 pg/ml; in 5 patients HBV
therapy in liver transplant recipients with no evi- DNA was detectable only by PCR at baseline), 14
dence of HBV after transplantation. In a nonblind of 45 patients (31%) were HBeAg-negative (5
study reported in an abstract, liver transplant re-seroconverted to anti-HBe) and 3 patients (6%)
cipients with no evidence of HBV recurrence 6 had lost HBsAg (2 acquired anti-HBEY! Further-
months after transplantation were randomised tomore, between baseline and the end of treatment,
52 weeks’ treatment with lamivudine 100 mg/day mean ALT levels decreased from 116 IU/L to 67
(i.e. HBIg was discontinued; n = 12), or continued IU/L (p = 0.001), bilirubin levels decreased signif-
HBIg prophylaxis (n = 12)23910f 21 patients com- icantly (p = 0.001) and albumin levels increased
pleting the trial, all were HBsAg-negative and significantly (p = 0.0001 vs baselin€}!
HBV DNA-negative in serum and were negative  Hepatic necroinflammatory activity decreased
for HBcAg and HBsAg in liver biopsy specimens. with lamivudine treatment. The median total Kno-
Nonetheless, HBV DNA was detected by PCR in dell score decreased significantly after 24 weeks’
the serum of 6 lamivudine and 2 HBIg recipients treatment (from 10 to 6.5; p = 0.003), although the
after 52 weeks. Two lamivudine-treated patients, Imedian score for fibrosis (3) was not chand@d.
of whom was HBV DNA-positive at baseline, and 51% of patients had a reduction in necroinflamma-
1 HBIg recipient had HBV recurrences during the tory activity, defined as a reduction g2 pointsin
trial.[239 the Knodell necroinflammatory score; in 33% of
Substitution of lamivudine for HBIg in 10 liver patients there was no change and in 15% of patients
transplant recipients, all of whom remained necroinflammatory activity worsened during treat-
HBsAg-negative 4 to 12 months after switching to mentl74!
lamivudine, was reported in a further abstract [the YMDD variant HBV was detected in 14 patients
patients had been receiving prophylactic HBIg during the study. After the appearance of YMDD
monotherapy for2 (n=1), 12 (n=1)aR4 months  variant HBV, serum ALT levels increased in 11 pa-
(n = 8) prior to the switch[?4% Further study is tients, 5 of whom experienced clinical deteriora-
needed to confirm these preliminary findings andtion due to the progression of hepatic dised$e.
to determine the optimal conditions for switching

to lamivudine.
4.4 Studies in HIV-Positive Patients

4.3 Studies in Patients with with Chronic Hepatitis B
Recurrent Chronic Hepatitis B . . . . . . .
after Liver Transplantation Lamivudine in combination with other anti-

retroviral agents may be useful in the management
Lamivudine inhibits HBV replication and re- of HIV-positive patients with chronic hepatitis B.

duces the severity of liver disease in patients whoLamivudine was evaluated in HIV-positive pa-
develop chronic hepatitis B after liver transplan- tients with chronic hepatitis B in a prospective,
tation. 52 HBsAg-positive, HBV DNA-positive nonblind, noncomparative stutf®! The effect of
liver transplant recipients with recurrentdg novo  lamivudine in this population was also studied by
chronic hepatitis B received lamivudine 100 mg/ retrospective analysis of records from a study de-
day for 52 weeks in a multicentre, nonblind, non- signed to assess the efficacy of lamivudine-based
comparative study (patients testing positive for therapy in HIV infection (the CAESAR study}42!
HIV or HCV and those with aminotransferase lev- In addition, the efficacy of lamivudine in hepatitis
els >1500 IU/L were excluded}¥ At baseline, B-positive, HIV-positive patients has been re-
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ported in case reports and case series which are nditents with chronic hepatitis B have been published
discussed furthdf?:137-139,141,143-146,221] as an abstrad#!3! In patients aged 2 to 12 years,

Lamivudine suppressed HBV replication in lamivudine oral solution 0.7 to 8 mg/kg/day de-
HBsAg-positive patients with HIV co-infectid#?®l  creased HBV DNA levels by99.5% after 4 weeks.
After 52 weeks of lamivudine 300 or 600 mg/day, A dosage of 3 mg/kg/day, approximately twice
only 15% of patients with high rates of HBV rep- that used in adults with chronic hepatitis B, was
lication and no patients with low rates of HBV rep- considered optimal in children aged 2 years be-
lication prior to treatment had detectable HBV cause this dosage produced maximal antiviral ef-
DNA levels in serum (by PCR; LOD <7 equivalent fects (99.9% inhibition of viral replication) and
genomes per sample; table W9 Five of 27  the AUC, Gyaxand Guin of lamivudine were similar
HBeAg-positive patients lost HBeAg during treat- to that seen in adults with chronic hepatitis B (sec-
ment, 3 of whom acquired anti-HBe. Moreover, 3 tion 3)[113]
of 10 (30%) patients with low rates of HBV repli-
cation at baseline lost HBsAg during treatment, 2 g Tolerability
of whom converted to anti-HB&40]

Retrospective analysis of the results of the The incidence of adverse events during 1 year
CAESAR trial revealed that 27 of 66 (41%) lam- was similar in Chinese patients treated with lam-
ivudine 300 mg/day recipients who were HBV ivudine 25 (77%) or 100 mg/day (80%) or placebo
DNA-positive at baseline became HBV DNA- (77%)in alarge (n = 358) stud{?! Adverse events
negative (assay not described) compared with 18%hat may have been related to lamivudine treat-
(3 of 17) of placebo recipients at the end of the ment, including diarrhoea, dizziness and nausea
study (median duration of treatment was 52and vomiting, occurred in fewer than 17% of
weeks)142.241 Further study is needed to deter- lamivudine recipients (fig. 10¥5! Abnormal liver
mine the effect of lamivudine on other measures offunction tests were more common in placebo (8%)
disease activity (e.g. liver histology, ALT normal- than lamivudine 25 (4%) or 100 mg/day (2%) re-

isation) in this population. cipients[*> No serious drug-related adverse events
occurred during the study.
4.5 Dose Finding Studies in Children The frequency of adverse events in lamivudine-

or placebo-treated patients was similar in a pooled

Lamivudine suppressed HBV replication in analysis of 4 randomised, double-blind trials in pa-
children with chronic hepatitis B. Preliminary re- tients with chronic hepatitis B and compensated
sults from a dose finding study in paediatric pa- liver disease (the Chinese study referred to above

Table VI. Effect of oral lamivudine 300 or 600 mg/day in HIV-positive individuals with chronic hepatitis BI14%12

Patient characteristics Parameter (% of patients)

HBV DNA+ HBsAg+ HBeAg+ anti-HBe+ anti-HBs+
Patients with high rates of HBV Baseline (n = 30) 100 100 100 0 0
replication (serum HBV DNA>5ng/L  \week 52 (n = 27) 15 100 81 11 0
and HBeAg+)
Patients with low rates of HBV Baseline (n = 10) 60 100 0 100 0
replication (serum HBV DNA<5ng/L  week 52 (n = 10) 0 70 0 100 20

and anti-HBe+)

a 10 patients received concomitant zidovudine 250 mg/day and 1 patient each received foscarnet and ganciclovir for cytomegalovirus in-
fection.

anti-HBe + anti-hepatitis B e antigen antibody-positive in serum; anti-HBs + = anti-hepatitis B surface antigen antibody-positive in serum;
HBeAg + = hepatitis B e antigen-positive in serum; HBsAg + = hepatitis B surface antigen-positive in serum; HBV DNA+ = hepatitis B virus
DNA-positive in serum.
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Fig. 10. Adverse events in patients receiving lamivudine for chronic hepatitis B. Frequency of adverse events during 52 weeks of
treatment with lamivudine 100 (n = 143) or 25 mg/day (n = 142) or placebo (n = 72) in Chinese patients with chronic hepatitis B in
a multicentre, randomised, double-blind study.S LFT = liver function tests.

was included in this analysis). One or more drug- ALT levels have generally normalised in immu-
related adverse events were reported by 40 anthocompetent patients with chronic hepatitis B and
45% of patients, respectively, treated with lam- compensated liver disease during treatment with
ivudine 100 mg/day (n = 416) or placebo (n = 200) lamivudine; however, substantial elevations in
for 52 to 68 weeks in these trid?] Drug-related  ALT levels have occurred, both during treatment
adverse events included malaise and fatigue, reand follow-up in patients treated with lamivudine
ported by 13 and 15% of lamivudine- or placebo- or placebo. Grade 3 (3.1- to 10-fold increases over
treated patients; nausea and vomiting in 8 and 9%baseline) and 4 (>10-fold increases over baseline
of patients; headache in 9 and 11% of patients; di-and/or evidence of hepatic failure) elevations in
arrhoea in 6 and 4% of patients; and muscle painALT levels occurred in 13% of patients treated
in 4 and 5% of lamivudine and placebo recipi- with lamivudine 100 mg/day (n = 416) or placebo
ents[?42l No deaths were reported during any of (n = 200) for 52 week&42 The incidence of ALT
these studies. elevations in immunocompetent patients with
Lamivudine was better tolerated than interferon- YMDD variant HBV was higher; 24% of patients
a (alone or in combination with lamivudine). In with YMDD variant HBV experienced grade 3 or
comparative trials the frequency of malaise and4 elevations in ALT0 After discontinuation of
fatigue, headache, fever and chills, muscle paintherapy grade 3 and 4 elevations were documented
nausea and vomiting, hair loss or depressive disorin 19 (41 of 215) and 8% (5 of 66) of those treated
ders was 2 to 8 times more common in patientswith lamivudine or placebo, respectively (grade 4
treated with interferore (alone or in combination elevations occurred in 3% and 2% of patier#é3
with lamivudine) than lamivudin&42 Abnormal Although post-treatment ALT elevations were
liver function tests occurred in 10% of patients re- more common in patients with chronic hepatitis B
ceiving lamivudine monotherapy, 14% of patients and compensated liver disease treated with lam-
receiving interferoma monotherapy and 9% of ivudine than placebo, ALT elevations generally re-
patients treated with lamivudine plus interferon- solved spontaneously and the incidence of hepatic
0.[242] decompensation was rare in both groups. Hepatic
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decompensation, defined as a 2-fold increase irtion should be used to tailor the dosage to the needs
ALT levels over baseline and bilirubin levels 2 of such patients. In patients undergoing intermit-
times the ULN and 2-fold greater than baseline,tent haemodialysis (e.g. 2 or 3 times per week) no
occurred in only 3 of 215 (1.4%) patients treated further dosage adjustments, in addition to those
with lamivudine 100 mg/day and in 1 of 66 (1.5%) based on the G} are required.
of placebo recipient&42] Lamivudine pharmacokinetics are not affected
The frequency of clinically significant ‘flare- significantly by hepatic dysfunction; therefore,
ups’ of hepatitis during treatment, or after discon- dosage adjustments are not required in patients
tinuation of lamivudine in immunocompetent pa- with hepatic dysfunction unless accompanied by
tients with decompensated liver disease or in liverrenal impairment.
transplant recipients has not been described. How- Before initiating treatment, during lamivudine
ever, because of the limited hepatic reserve in theséherapy and for several months after discontinua-
patients, such flare-ups may be potentially serioustion of the drug, patients should be monitored
The manufacturer advises that some fatalitiesclosely. An increase in HBV DNA and/or ALT
have been reported in association with exacerbatevels after initial decreases in these parameters,
tions of hepatitis after the acquisition of YMDD progression of the clinical signs or symptoms of
variant HBV or after discontinuation of lamivud- hepatic disease, and/or worsening of necroinflam-

ine [116] matory activity may indicate a reduced therapeutic
response to lamivudine during treatment, or may
6. Dosage and Administration portend a post-treatment exacerbation if the drug

o . o has recently been discontinuBef!
Lamivudine 100mg given once daily is the rec-  The safety and efficacy of lamivudine have not
ommended dosage in patients with chronic hepatiheen established in patients with decompensated

tis B with evidence of ongoing HBV replication, |iver disease, in children or during pregnaréy)
active liver inflammation and compensated liver

diseasé!!l In patients co-infected with HIV this 7. Place of Lamivudine in the
dosage is inappropriate; such patients should re- Management of Chronic Hepatitis B
ceive lamivudine 150mg twice daily in combina-
tion with other antiretroviral agent&:6.243]

The use of lamivudine monotherapy at dosage
recommended for chronic hepatitis B in patients
with unrecognised or untreated HIV infection will
promote the emergence of lamivudine-resistant HIV: o G Firet dose® T ———
and limit treatment options for HIV. For these rea- +; No dosage adjustment required

The World Health Organization estimates that
Jnore than 350 million people, 75% of whom reside

Table VII. Lamivudine dosage recommendations in patients with
chronic hepatitis B and renal dysfunctionl*1€]

sons, the manufacturer recommends that HIV .5 530 100mg (20ml) 50mg (10mi)
counselling and testing be offered to all patients <3015 100mg (20ml) 25mg°© (5ml)
before beginning treatment and periodically during <1525 35mg (7ml) 15mg (3ml)
treatment with lamivudine for chronic hepatitid 8% <5 35mg (7ml) 10mg (2ml)

Lamivudine may be taken with or without food. 2 An estimate of Clr may be obtained with the formula derived
. . . ’ by Cockroft and Gault:[?44

so administration can be timed to accommodate the ¢, = (140 - age) - (weight in kg)] / [0.81  Ser in umol/L]. In
patient’s schedule. females multiply the result by 0.85. To convert to L/hr multi-

Elimination of lamivudine is altered in patients P by 0-06. o _

. . . b Lamivudine 5 mg/ml oral solution given once daily.

with renal dysfunction (see section 3) and dosage - ) N

. . . ~ ~c In HIV-positive patients the recommended daily maintenance
adjustments are recommended in patients With  gosage is 100mg if the Cler is <30 215, 50mg if the Cley is
chronic hepatitis B and clinically significant renal <15 25 and 25mg if the Cler is <5.1%%

dysfunction (table VII}118 Lamivudine oral solu-  Cler = creatinine clearance.
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in Asia, are chronically infected with HB¥:2451In  lowers the incidence of hepatocellular carcinoma
the US, 5000 to 30 000 people become chronicallyand liver-related deatR8% Patients most likely to
infected each year, adding to the estimated 1.25espond to a course of interferenare immuno-
million existing cases of chronic hepatitis B in that competent, have low HBV DNA levels of an
countryl10.246.247|n patients with chronic hepatitis HBeAg-producing viral strain and have active
B and evidence of active viral replication, the 5- liver disease (characterised by high aminotransfer-
year incidence of cirrhosis is 15 to 20948 ase levels and evidence of fibrosis) of short dura-
Individuals with chronic hepatitis B may de- tion.[261] Patients harbouring precore mutant HBV
velop hepatocellular carcinoma after a latencystrains (HBeAg-negative, HBV DNA-positive),
period of 10 to 30 year4’l The risk of hepato- which are more prevalent in Asia, Africa and
cellular carcinoma in patients with chronic hepati- the European Mediterranean region than elsewhere,
tis B is much greater — perhaps 200- to 300-foldgenerally do not respond well to therapy with
greatelf] — than that in the general populati®h. interferone.[2271 Although effective in a subset of
Indeed, in men and women who acquire HBV at patients, parenteral administration of interfermn-
birth, the lifetime risk of hepatocellular carcinoma is inconvenient, the drug is not well tolerated and
is 50 and 20%, respectiveB#%I More than 600 000 it is expensive. Approximately 20% of patients re-
deaths were attributed to hepatitis B in 198! guire dosage reductions and 5 to 10% discontinue
Effective vaccines are available and preventioninterferona therapy because of adverse events
of chronic hepatitis B and its sequelae is possi-(common adverse events include headache, fa-
ble[?51.2521 The advent of universal vaccination tigue, myalgia, nausea and vomiting, hair loss,
programmes in newborns and adolescents willneutropenia and depressid#f!
reduce the prevalence of chronic hepatitis B and A functional immune system is a prerequisite
liver cancer and, if virus transmission can be inter-to therapeutic efficacy with interferom{26 Hence,
rupted, may eventually result in eradication of theimmunosuppressed patients with chronic hepatitis
virus[10:251,253,.254Nonetheless, new infections are B derive less benefit from interferomthan immu-
common and, given the prevalence of chronic hep-nocompetent patientd1.2621 The attenuation of
atitis B, many millions of people would benefit cell-mediated immunity and the presence of a
from effective therapy for the disease. glucocorticoid responsive element in the HBV ge-
Interferona has been used extensively in pa- nome may contribute to the reduced efficacy of
tients with chronic hepatitis B. A significant pro- interferone in this population283 Moreover,
portion of patients experience ALT normalisation interferona may precipitate rejection in allo-
and become HBV DNA-negative and HBeAg- graft recipientd!40.261,262,264-266]
negative after treatment with interferanl?5.256] Lamivudine inhibits replication of HBV by
A meta-analysis of 15 controlled studies showedinterfering with viral DNA polymerase. Accord-
that approximately one-third of patients lose ingly, its mechanism of action differs from that of
HBeAg as a result of a 3- to 6-month course of interferone. The outcome of prior treatment with
interferona compared with 12% of placebo recip- interferone had no effect on the efficacy of
ients!257] Loss of HBeAg in response to therapy lamivudine. Most patients experienced profound
with interferone results in a lower incidence of reductions in HBV DNA levels while receiving
liver failure, cirrhosis and the need for liver trans- lamivudine. Moreover, clinically meaningful im-
plantation(258] The drug increases HBsSAg sero- provements in liver histology and normalisation of
conversion rates, increases life expectancy and i#\LT levels were significantly more common in
cost effective compared with standard care in padamivudine than placebo recipients in several ran-
tients who do not have cirrhos&6.259In patients  domised controlled trials in patients with ongoing
with chronic hepatitis B and cirrhosis, interferan-  viral replication(#>122lincluding HBeAg-negative
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patients — a group that generally does not responaf patients receiving liver transplants for chronic
well to interferoner.[126] hepatitis B, 83% who were HBV DNA-positive at
Within 1 year of starting treatment with lamivu- the time of transplantation became HBsAg-posi-
dine, clinically significant improvements in liver tive after transplantation, compared with 58% who
histology were evident in a large proportion of pa- were both HBV DNA- and HBeAg-negative at the
tients[45122.126lHepatic necroinflammatory activ- time of transplantatiof’1 Recurrent chronic hep-
ity was attenuated in patients receiving lamivudineatitis B is associated with high rates of graft loss
and the progression of hepatic fibrosis was haltedand a low probability of survival. For example, in
or reversed. Hepatic fibrosis ultimately results in the study cited abov@’!l the 3-year survival rate
cirrhosis, so the ability of lamivudine to arrest the in patients with recurrentinfection after liver trans-
progression of fibrosis is important. Whether long plantation was 54% compared with 83% in patients
term suppression of viral replication with lamivud- who remained HBsAg-negative after transplanta-
ine will prevent cirrhosis or hepatocellular carci- tion. Although the advent of passive immunisation
noma, reduce the need for liver transplantationwith HBIg has significantly reduced the rate of re-
and/or prolong life, remains to be determined in infection[23%2711 and improved survival in liver
long term studies. transplant recipient®/2! reinfection remains a
The frequency of HBeAg seroconversion in- substantial problem (reported to occurin up to 42%
creased significantly during treatment with lam- of patient&3%)) and HBIg is expensive, in short
ivudine. Seroconversion rates at the end of treatsupply and may predispose patients to mercury
ment were 2.8-fold (1%¥s 6%)'22 and 4-fold (16  toxicity.[129235.264] amivudine suppresses HBV
vs 4%)45] greater in lamivudine- than placebo- replication in immunocompromised patients and
treated patients in 1-year studies. Nonetheless, themited data suggest that, when started prior to
long term durability of HBeAg seroconversion af- transplantation, it may prevent reinfection of the
ter withdrawal of lamivudine is unknown. graft (indicated by the absence of HBsAg in serum
In patients with chronic hepatitis B and ongoing and HBcAg and HBV DNA in liver biopsy speci-
viral replication, seroconversion from HBeAg- mens) in some liver transplant recipients. Indeed,
positive to positive for antibodies to HBeAg (anti- it has recently been suggested that lamivudine be
HBe) is significantly associated with improved given for at least 1 month before liver transplanta-
clinical outcomes including surviv#®®267IThe  tion in patients at risk of reinfectiod%2]
annual rate of seroconversion from HBeAg-posi- The pharmacological effects of lamivudine and
tive to anti-HBe was estimated to be 13.4 and 16%,HBIg complement each other in liver transplant
respectively, in surveys of untreated Chirlé®&  recipients. By inhibiting HBV replication, lamiv-
and Italian patient®%%] HBeAg seroconversion is udine may reduce the likelihood of the binding
usually associated with biochemical and histolog-capacity of HBlg becoming overwhelmed by vi-
ical regression of inflammatory activit§f¥ so the  ral antigens!? Furthermore, lamivudine is un-
finding that lamivudine enhances seroconversionlikely to select for HBIg-resistant mutations in
is of clinical significance. In another survey, the HBsAg['29 Passive immunisation with HBIg, in
frequency of conversion from HBsAg-positive to turn, may confine the virus to extrahepatic sites
positive for antibodies to HBsAg (anti-HBs) was and, through maintenance of a low viral load, may
estimated to be 1.79%7% There is no evidence at lower the probability of lamivudine-resistant mu-
present that lamivudine influences HBsAg sero-tations arisindg!?®! The results of several small,
conversion in patients with chronic hepatitis B. ~ noncomparative studies, in which graft reinfection
Liver transplantation in patients with evidence or lamivudine resistance was largely prevented in
of viral replication is associated with a significant liver transplant recipients given lamivudine plus
risk of reinfectionl235.262.264]Indeed, in 1 series HBIg, are encouraging. Whether the frequency of
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recurrent chronic hepatitis B and the dose, duratiorpensation was rare in patients with compensated
and hence, expense associated with HBIg prophyliver disease.
laxis can be reduced through combination therapy In conclusion, lamivudine profoundly inhibits
with lamivudine remains to be determined. HBYV replication in patients with chronic hepatitis
Chronic hepatitis B is a significant problem in B regardless of ethnic group, the mode of acquisi-
HIV-positive individuals. The combined prevalence tion of the virus, or the presence of wild type or
of current or past infection with HBV was 84% in precore mutant HBV. The drug reduces hepatic
1 survey of 511 HIV-positive individual8’3land  necroinflammatory activity and the progression of
the frequency of HBsAg positivity is approxi- fibrosis in patients with chronic hepatitis B, ongo-
mately 5 to 10% in this populatidd’3-278lFurther- ing viral replication and compensated liver dis-
more, loss of HBeAg occurs at a lower rate than €ase. Lamivudine also suppresses viral replication
in the general populatio?”! With the advent of in liver transplant recipients and HIV-positive pa-
highly effective antiretroviral combination therapy tients. The drug is well tolerated and is not in-
which prolongs life in HIV-positive patients, ther- Volved in any clinically significant drug-drug in-
apy for chronic hepatitis B may become more im- teractions. Thus, lamivudine is potentially useful
portant in this populatioH! Lamivudine reduced 1N @ wide range of patients with chronic hepatitis
HBV replication in HIV-positive patients. More- B @nd ongoing viral replication.
over, lamivudine-based therapy has resulted in re-
_duced progression to AIDS and redu_ced mortality  peferences
in HIV-positive patientd?41l The drug is well tol- 1. Nassal M, Schaller H. Hepatitis B virus replication — an update.
erated and does not predispose HIV-positive pa- _ _J Viral Hepatitis 1996; 3: 217-26 o
. . . 2. Robinson WS. Hepatitis B virus and hepatitis D virus. In: Ben-
tients, in whom polypharmacy is common, to drug nett JE, Dolin R, editors. Mandell, Douglas and Bennett's
interactions. Nonetheless, the decision to use g(finkci%lﬁs aml Era_ctiC? of inlfgggoijgésggse& 4th ed. New
. . . e . . . OorK: urchill Livingstone, : -
'am'Vl.JFj'“e In HIV—po§|t|ve patients with CthOI’IIC 3. Yokosuka O, Omata M, Imazeki F, et al. Hepatitis B virus RNA
hepatitis B must be guided by patterns of resistance  transcripts and DNA in chronic liver disease. N Engl J Med
; 1986; 315: 1187-92
and CFO_SS r_eSIStan(_:e of both HIV and HB_V' 4. Omata M. Treatment of chronic hepatitis B infection. N Engl J
Lamivudine-resistant HBV emerges in some Med 1998; 339 (2): 114-5
patients with chronic hepatitis B during treatment 5 Bleasley RP. HepgtitisBVE’Jg 8th'\;> maljgr EtiO(l;Jg)y ifgfllengtgce"w
. . . . . ar carcinoma. Cancer ay ) . -
with IamIVUd_me' Optlmal management strategles 6. Idilman R, De Maria N, Colantoni A, et al. Pathogenesis of
for these patients have yet to be developed through  hepatitis B and C-induced hepatocellular carcinoma. J Viral
; F ; R Hepatitis 1998; 5: 285-99
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minimise resistance to lamivudine such as combina- uation of patients with viral hepatitis undergoing liver trans-
tion therapy with other antiviral agents, an approach Mplarlltatlony- Ig\LerTranipl '\jurg 19%8: ﬁh 94-1?3 o basis of
. H : . lyakawa Y, amoto H, Mayumi M. € molecular basis 0
WhIC.h hag been ve-ry effective in the treatment of hepatitis B e antigen (HBeAg)-negative infections. J Viral
HIV infection, remain to be explore@?278.279] Hepatitis 1997; 4: 1-8
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