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Lamivudine for Chronic Hepatitis B: A Brief Review

Emilio Palumbo
Pediatrics Department of Sondrio Hospital; Italy

Until recently, the only generally approved treatment for chronic hepatitis B was alpha-interferon; however, it gives
only moder ate efficacy in terms of sustained response (biochemical, virological and histological). In fact, only 20%
t0 40% of treated patientsrespond to therapy, with lower percentages (~ 10%) among patientsinfected with precore-
mutant strains of HBV (HBeAb HBV-DNA positive). The FDA of the USA approved the use of lamivudine in adult
patients affected by chronic hepatitis B in 1998. In this review, we focused on the pharmacokinetic and
pharmacodynamic properties and efficacy and tolerability of lamivudine in the treatment of chronic hepatitis B

cases that are both HBeAg and anti-HBe-positive.
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Despitetheuse of HBV vaccine, chronic hepatitisB virus
(HBV) infection occurs in approximately 5% of the global
population. Thisinfection, if persistent, may lead to chronic
hepatitis, cirrhosisand hepatocel lular carcinomain 25to 40%
of infected patients and isamong the 10 main causes of death
throughout theworld [1,2].

Until recently, the only generally approved treatment for
chronic hepatitis B was alpha-interferon; however, it has
demonstrated only moderate efficacy in terms of sustained
response (biochemical, virological and histological). In fact,
only 20 to 40% of treated patients respond to therapy, with
lower percentages (~10%) among patients infected with
precore-mutant strainsof HBV (HBeAb HBV-DNA positive)
[3,4]. Thisform, prevalent in the M editerranean region (~90%
of all patients with HBV infection), is due to a mutation at
nucleotide 1896 in the precoreregion of the HBV-DNA genome.
Theresult of thismutation isastop codon that blocks HBeAg
synthesis but still permits HBV replication and hepatitis B
core antigen production, leading to persistent viremia and
persistent or intermittent elevated serum alanine
aminotransferase (ALT) levels, with frequent evolution of the
disease into cirrhosis and hepatocellular carcinoma. The
suboptimal response of this form to apha-interferon, with a
high rate of non-responders or relapsers, has led to research
and devel opment of new antiviral drugsthat could be used as
alternative therapies.

The use of nucleotide analogues is a milestone in the
treatment of chronic hepatitisB (CHB). The FDA of the USA
approved the use of lamivudinein adult patientsin 1998. This
drug isadvantageous because of oral administration and good
safety parameters; however, it induces a sustained response
(after withdrawal of therapy) in only a minority of patients.
Thus, the treatment should be given to most patientsfor long
periods. In addition, the long-term efficacy of lamivudineis
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limited by the frequent emergence of drug-resistant HBV
mutants [5-7]. Adefovir is a hucleotide anal ogue associated
with a low frequency of resistance; however, its antiviral
efficacy isnot optimal [8,9].

In this review, we focused on the pharmacokinetics and
pharmacodynamics and efficacy and tolerability of lamivudine
treatment of chronic hepatitis B cases that are both HBeAg
and anti-HBe-positive. Relevant literature was identified
through searches of MEDLINE (2002-October 2006). Search
termsincluded, but were not limited to, lamivudine, hepatitis
B, pharmacology, pharmacokinetics, adverse events, and
therapeutic use.

Phar macokinetic and Phar macodynamic Properties
Lamivudine (3TC), the negative enantiomer of 2'-deoxy-3-
thiacytidine, is a dideoxynucleoside analogue used in
combination with other agents in the treatment of human
immunodeficiency virus type 1 (HIV-1) infection and as
monotherapy in the treatment of hepatitis B virus (HBV)
infection. It is a nucleoside analog that inhibits HBV-DNA
synthesis. Lamivudine undergoes anabolic phosphorylation
by intracellular kinases to form lamivudine 5'-triphosphate,
the active anabolitethat preventsHIV-1and HBV replication
by competitively inhibiting viral reverse transcriptase and
terminating proviral DNA chain extension. The
pharmacokinetics of lamivudine are similar in patients with
HIV-1or HBV infection, and in healthy volunteers. Thedrug
israpidly absorbed after oral administration, with maximum
serum concentrations usually attained 0.5 to 1.5 hours after
administration. The absolute bioavailahility isapproximately
82 and 68% in adults and children, respectively. Lamivudine
systemic exposure, as measured by the area under the serum
drug concentration-time curve (AUC), isnot altered whenitis
administered with food. Lamivudineiswidely distributed in
total body fluid, the mean apparent volume of distribution
(Vd) being approximately 1.3 L/Kg following intravenous
administration. | n pregnant women, lamivudine concentrations
inmaternal serum, amniotic fluid, umbilical cord and neonatal
serum are comparabl e, indicating that the drug diffusesfreely
across the placenta. In postpartum women, lamivudine is
secreted into breast milk. The concentration of lamivudinein
cerebrospinal fluid (CSF) islow to modest, reaching 4% to 8%
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of serum concentrations in adults and 9% to 17% of serum
concentrationsin children measured at two to four hours after
administration. In patients with normal renal function, about
5% of the original compound ismetabolized to the trans-
sulphoxide metabolite, which is pharmacol ogically inactive.
In patients with renal impairment, the amount of trans-
sulphoxide metabolite recovered in the urine increases,
presumably asafunction of decreased lamivudine elimination.
As approximately 70% of an oral dose is eliminated in the
urine as unchanged drug, the dose needs to be reduced in
patientswith renal insufficiency. Hepatic impairment does not
affect the pharmacokinetics of lamivudine. Systemic clearance
following single intravenous doses averages 20 to 25 L/h
(approximately 0.3 L/h/Kg). The elimination half-life of
lamivudine is approximately five to seven hours, and the in
vitrointracellular haf-life of itsactive 5'-triphosphate anabolite
is10.5t0 15.5 hoursand 17to 19 hoursin HIV-1and HBV cell
lines, respectively.

Efficacy and Tolerance

Randomized controlled trials have demonstrated the
efficacy of lamivudine in the treatment of HBeAg-positive
and HBeAg-negative CHB. One randomized, placebo-
controlled trial showed that almost al patients treated with
lamivudine (98%) had areduction of serum HBV-DNA levels.
Serum HBV-DNA levelswere undetectable after lamivudine
therapy in 44% of patients, compared with 16% of patients
treated with aplacebo. After oneyear of treatment, the HBeAg
seroconversion rates were 17 and 6% in the lamivudine and
placebo groups, respectively. ALT levelswere normalized in
41% of the lamivudine-treated patients compared with 7% of
the placebo group. Histological improvement was observed
in 52% of the lamivudine group compared with 23% of the
placebo group [5]. The rates of virologic, biochemical and
histological response in another randomized controlled tria
weresimilar, withan HBeAg anti-HBeAb seroconversionrate
of 21% [6]. The tolerability and safety of lamivudine were
excellent, and the frequency of adverse eventswas similar to
that of the placebo group. Lamivudine therapy seems to be
well-tolerated for up to five years; however, dataonlong-term
therapy with lamivudine are limited to a small number of
patients. The main limitation of lamivudine treatment is the
high rate of viral resistance due to mutations in the YMDD
motif of theHBV polymerasegene. Indeed, evenif theHBeAg
seroconversion rateisincreased by continuing treatment, the
frequency of resistance to lamivudine increases with time:
24% at one year, 38% at two years, 50% at three years, and
67% at four years [7]. The most important mutation is
substitution of valine or isoleucine for methionine. In many
patients, this mutation isaccompanied by a second mutation,
inwhich methionineis substituted for leucinein an upstream
region (rtL 180M). Lamivudineresistanceismorelikely to occur
in patients with high baseline levels of serum HBV-DNA.
Emergence of lamivudine resistant mutants is usually
associated with a breakthrough of hepatitis, resulting in

moderately increased levels of serum HBV-DNA and ALT,
although these levels may remain lower than baseline
(pretreatment) for several months.

Inanother investigation, 76 HBeAg-negative patientswith
CHB weregiven 100 mg LAM daily in afive-year follow-up
study [10]. The incidence of YMDD was 39% at month 12,
54% at month 24 and 57% at month 36; at the sametime, the
response declined from 67% at six monthsto 51%, 34% and
29% after 12, 24 and 36 months, respectively. A complete
analysisat month 24 of follow-up was available. Increasesin
HBV-DNA and ALT levels were apparent in patients with
YMDD variants. Among the patients who did not develop
YMDD variants, 72% had normal ALT and negative HBV-
DNA, whereas only 5% of the patients who developed
Y MDD mutantsmaintained normal ALT levelsafter oneyear.
In arecent study the efficacy of LAM administered for three
years in patients with chronic active anti-HBe-positive
hepatitis was evaluated. Thirty-four patients with chronic
active anti-HBe-positive hepatitis were treated with LAM
(100 mg) once daily for three years. Before treatment, all
patients had serumALT levels >two timesnormal levelsfor
>sx monthsand HBV DNA positivity >5 pg/mL, asdetermined
by asandwich hybridization test for nucleic acids. BothALT
and HBV DNA were monitored during therapy. After 12
months of therapy, 24 of 34 patients (70.6%) showed evidence
of HBV DNA clearance and normal ALT levels; 22 of 34
(64.7%) and 19 of 34 (55.8%) patients maintained acompl ete
response after two and three years of therapy, respectively.
Long-term LAM therapy (>one year) was not associated
with an increase in the response of initially nonresponding
patients. The Y MDD variant emergedin 17.6% of patientsin
thefirst year, in 35.2% during the second year, and in 52.9%
during the third year of treatment. LAM was well tolerated
during the three-year therapy in all patients. In patientswith
chronic active anti-HBe-positive hepatitis, the LAM
response rate tended to decrease over time due to the
emergenceof YMDD variants[11].

Conclusions

The goal of therapy for patients with HBV infection isto
prevent the progression of liver disease to cirrhosis and
hepatic cell cancer. In recent years, progress has been made
in the treatment of CHB. Nucleos(t)ide analogs such as
lamivudine have been approved as initial therapy for CHB.
Currently, lamivudineisthefirst line of treatment of chronic
hepatitis B; however, efficacy islimited by the high frequency
of resistance. Recent preliminary results show that adefovir
dipivoxil and entecavir could be potent analogs for the
treatment of HBV. Further studies are being made to assess
thelong-term efficacy and safety of these drugs[12,13].
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