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Abstract
AIM: To evaluate safety and effect on hepatitis B 
virus (HBV) suppression of a long-term treatment with 
lamivudine (LAM) at standard (100 mg/d) or double (200 
mg/d) dose in chronic hepatitis B. 

METHODS: This was a case study with matched 
controls (1:3) in patients with chronic hepatitis B with 
anti-HBe antibodies.

RESULTS: Twelve patients received LAM 200 mg/d and 
35 LAM 100 mg/d, for a median of 28 mo. A primary 
response (PR; i.e., negative HBV-DNA with Amplicor 
assay) was achieved in 100% of LAM-200 patients and 
83% of LAM-100 patients. A virological breakthrough 
occurred in 16.7 and 24.7%, respectively, of the PR-
patients, with the appearance of typical LAM resistance 
mutations in all but one patient. Viremia blips (i.e., 
transient HBV-DNA below 80 IU/mL in patients who 
tested negative at Amplicor assay) were detected using a 
real time polymerase chain reaction (PCR) and occurred 
in seven out of nine patients with subsequent BT and 
in four out of 32 patients with end-of-study response 
(77.7% vs  12.5%; P  = 0.001) at chi-square test). At the 
end of the study, 51.4% of LAM-100 patients and 83.3% 
of LAM-200 patients had remained stably HBV-DNA 
negative. Double-dose LAM was well tolerated. 

CONCLUSION: Long-term treatment of anti-HBe 
positive chronic hepatitis B with double dose lamivudine 
causes a more profound and stable viral suppression as 

compared to conventional treatment. 

© 2007 WJG. All rights reserved.
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INTRODUCTION
Lamivudine (LAM) treatment has changed the therapeutic 
approach to chronic hepatitis B (CHB), since it has 
a potent antiviral effect and an excellent tolerability 
profile[1-4]. In chronic hepatitis B with anti-HBe antibodies, 
lamivudine must be administered indefinitely, since drug 
discontinuation causes an immediate rebound in the vast 
majority of  patients[5,6]. Unfortunately, the drug has a low 
genetic barrier which causes the emergence of  resistant 
mutants and disease resurgence at a rate of  approximately 
15% a year[7-10]. In addition, a percentage of  patients 
ranging from 11% to 32% are primary non-responders 
to treatment[11-14], which limits further the efficacy of  
lamivudine in this setting. 

At present, about 80% of  patients with CHB in the 
Mediterranean area lack HBeAg in serum and present 
anti-HBe antibodies with the presence of  HBV-DNA in 
serum[15]. This percentage is expanding in other parts of  
the world[16], due to the control measures against HBV and 
the subsequent decline in the proportion of  hepatitis B 
virus (HBV) infections in young patients. 

Lamivudine is registered for the treatment of  chronic 
hepatitis B at a standard daily dose of  100 mg. This dosage 
derives from studies which compared the efficacy of  25, 
100 and 300 mg/d given for 12-24 wk and found that 
viral suppression was similar at 100 and 300 mg[17,18]. As 
a consequence, 100 mg was adopted as the standard of  
therapy and the potential of  higher doses in improving 
long-term outcomes has never been investigated.
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In this pilot study we investigated the feasibility and 
the effects on viral suppression of  a long-term treatment 
with a daily dose of  200 mg lamivudine in patients with 
HBeAg-negative chronic hepatitis B compared with 
matched patients treated with the standard dose.

MATERIALS AND METHODS
The study enrolled consecutive patients with HBeAg-
negative, anti-HBe positive CHB between June 1999 
and December 2002. The patients had to be negative 
for anti-HDV, anti-HCV and anti-HIV antibodies and 
present HBV-DNA in serum at levels > 2 × 104 IU/mL. 
Basal evaluation comprised routine liver function tests, 
abdominal ultrasound (US) and liver biopsy. Histological 
specimens were evaluated using the Ishak's scores for 
necroinflammation and fibrosis[19]; minimal requirements 
for a specimen to be evaluated were a length of  at least  
2 cm and the presence of  ≥ 10 portal tracts.

Twelve consecutive patients received lamivudine at 
the daily dose of  200 mg (LAM 200; 100 mg b.i.d.). As a 
reference group, we selected three age matched patients for 
each case, with anti-HBe positive CHB treated in the same 
period with the standard dose of  100 mg according to an 
open label, long-term study. In both cases and controls, the 
therapy was continued indefinitely; the therapy was stopped 
in patients who did not clear HBV-DNA after 12 mo  
of  treatment. The study was closed on June 30, 2005.

The patients were followed-up monthly, including 
medical examination and alanine aminotransaminase (ALT) 
determination; at each visit a serum sample was stored 
at -40℃ for HBV-DNA testing. An abdominal US was 
performed every six months. Lamivudine tablets were 
dispensed directly monthly. 

HBV-DNA analysis
Routine quantitative testing for HBV-DNA in serum 
was performed using Amplicor HBV Monitor (Roche, 
Branchburg, NJ, USA; detection limit 80 IU/mL). 

In addition, analysis of  HBV-DNA in serum was 
performed by the use of  a Real Time PCR (RT-PCR) and 
Sybr Green as a fluorescent intercalating agent of  the 
double strand DNA. The reference standards used for 
the external calibration were the WHO hepatitis B virus 
DNA International Standards No. 97/746 and the working 
reagent HBV No. 98/780, both provided by the National 
Institute of  Biological Standards and Controls. HBV-
DNA was extracted from serum by a slightly modified 
guanidinium thiocyanate method. Briefly, 100 µL of  serum 
or plasma were added to 400 µL of  the extraction solution 
and 0.5 mL of  2-propanol were added to the tube. The 
mixture was centrifuged for 10 min, then supernatant was 
removed and pellets washed twice with 70% ethanol. Each 
sample was dissolved in 50 µL sterile water and 10 µL 
were used for PCR (sensitivity = 10 IU/mL). 

Processed specimens were added to 40 µL of  an 
amplification buffered (pH = 8.0) mixture containing  
0.5 µmol/L each of  the reverse and forward primers 
directed toward the highly conserved HBV pre-core/core 
region and Sybr Green (BMA Molecular Probe), 2.5 IU of  

Taq Gold (Applied Biosystem) and 0.5 IU of  Uracil DNA 
Glycosylase (Amersham Life Science - USB). The PCR 
process was carried out with the following amplification 
cycles: 50℃ for 2 min; 94℃ for 10 min; two cycles, each 
of  1 min duration, at 94℃, 60℃ and 72℃; 38 cycles at 
94℃, 60℃ and 72℃, of  20 s each. Real time detection 
was performed using a ABI PRISM 7000 Sequence 
Detection System (Applied Biosystem). 

HBV polymerase mutant and HBV genotype assay
Polymerase mutants conferring LAM resistance were 
detected using a commercial assay (InnoLipa HBV-DR, 
Innogenetics, Gent, Belgium) in all patients who presented 
serum HBV-DNA reappearance while on therapy and 
in those who remained viremic from the beginning of  
the therapy. HBV genotypes were identified using the 
INNOLIPA HBV-Genotyping test (Innogenetics, Gent, 
Belgium).

Therapy outcome definitions
Virological response (VR) to treatment was a fall in HBV-
DNA below 80 IU/mL with or without a biochemical 
response (BR). Patients who remained constantly serum 
HBV-DNA positive over a 12 mo therapy period were 
defined as primary non-responders (PNR). A virological 
breakthrough (VBT) was defined as an increase ≥ 1 log in 
serum HBV-DNA in a previous responder patient while 
continuing LAM therapy; a biochemical breakthrough 
(BBT) was an ALT elevation above 2 × in a virological BT. 
An ALT flare was an ALT elevation > 500 U/L. A viral 
blip was a transient HBV-DNA below 80 IU/mL detected 
by RT-PCR in patients who tested negative at Amplicor 
assay. Complete viral suppression was a stably undetectable 
HBV-DNA in serum using RT-PCR.

Safety 
A clinical examination was performed monthly. At 
the same time, differential blood count and serum 
biochemistry were performed, including serum amylase, 
lipase and creatinine phosphokinase (CPK) determination. 
Any adverse event was registered. 

Statistical analysis
The data were analyzed according to an intention to treat 
procedure. Patients who were lost at follow-up were 
considered as non-responders. Chi-square and Fisher's 
exact test were used to analyze categorical variables 
and Student's t test for continuous data. The data were 
analyzed using SPSS software, version 12. The study was 
approved by the local Ethics Committee. 

RESULTS
Twelve patients received LAM 200 mg/d and 35 patients 
LAM 100 mg/d (one patient receiving 200 mg LAM was 
matched with two controls only). The basal characteristics 
of  the patients are reported in Table 1. There was no 
difference between the groups relating to demographic 
data and ALT values, serum HBV-DNA values and 
liver histology. Overall, a liver biopsy taken within 18 



mo before therapy was available in 34 patients; 50% of  
whom had cirrhosis. In both groups median treatment 
duration was 28 mo. Based on Roche Monitor assay, a 
primary VR was observed in all the patients treated with 
200 mg lamivudine and in 83% of  those treated with the 
standard regimen (Table 2). In both groups, median HBV-
DNA disappearance time was 3 mo and in no patients 
did HBV-DNA become undetectable at Monitor test later 
than the sixth months of  therapy. Primary non-response 
was observed in six patients, all belonging to the 100 mg 
group. In PNRs LAM therapy was discontinued after 12 
mo; during treatment, HBV-DNA levels remained above  
2 × 104 IU/mL. 

During treatment, a VBT was detected in nine patients, 
of  whom two belonged to the 200 mg group (2/12; 
16.6%) and seven to the 100 mg group (7/29; 24.1%). A 
BBT followed in all patients with VBT; in these patients, 
the ALT values were below 2 × the basal value in eight out 
of  nine patients and in the range of  a hepatitis flare in one 
patient (belonging to 100 mg group). At the end of  the 
study, 63% of  the patients in LAM-100 group and 83% in 
LAM-200 group were still VR (Table 2). None of  the basal 
variables considered in Table 1 was associated with the 
outcome of  the treatments. 

In 11 patients who were constantly negative at the 
HBV-Monitor test, the RT-PCR revealed transient viremia 
blips below 80 IU/mL. This feature was recorded in seven 
out of  the nine patients who subsequently presented a 
BT and in four out of  the 32 patients with end of  study 

response, the latter belonging to the 100 mg group (Table 3;  
P = 0.001).The negative predictive value and positive 
predictive value for BT were 0.93 and 0.63, respectively. 
Viremia blips occurred in 10 out of  29 (34.4%) patients 
who were initially responders to LAM 100 mg and in one 
out of  12 (8.4%) of  those responding to LAM 200 mg. 
On the whole, the patients who showed absent or partial 
viral suppression (i.e., a PNR or a VBT or viral blips) were 
17 out of  35 treated with LAM 100 mg and two out of  12 
treated with LAM 200 mg (P = 0.051).

Lamivudine resistance mutations were researched 
in 13 cases, five of  whom were PNRs and eight BTs 
(Table 4). None of  the primary non responders had 
detectable mutations at baseline; however, all of  them 
developed rtM204V/I mutant (none with concomitant 
rtL180M) while continuing LAM therapy, two with an 
ALT increase after the appearance of  the mutation and 
one with a hepatitis-like flare. Among BT patients, seven 
presented rtM204V/I (four with concomitant rtL180M) 
and one patient presented an ALT flare with no detectable 
mutations. Mutations preceded the clinical BT by one to 

Table 1  Baseline characteristics of the patients

Lam-200 Lam-100  P
Number of patients 12 35 NS
Age (median; range) 44.5 (32-60) 44 (23-72) NS
BMI median (range) 24.3 (23.2-28.7) 25.5 (20.9-34.3) NS
Gender (M/F) 11/1 26/9 NS
Histology NS
   Minimal-Mild 1 (14%)   6 (22%)
   Moderate-Severe 3 (43%)    7 (26%)
   Cirrhosis 3 (43%) 14 (52%)
ALT (x n.v.) NS
   < 3 4 (33.3%) 16 (50%)
   3-5 3 (25%)   5 (15.6%)
   > 5 5 (41.7%) 11 (34.4%)
HBV-DNA IU/mL
median (range)

1.06 × 106

(3.2 × 104-3.8 × 106)
6 × 105

(2.4 × 104-3.5 × 106)
NS

Months of therapy
median (range)

28 (8-50) 28 (9-48) NS

Table 2  Virological responses in the two treatment groups  n  (%)

Lam-100 (n  = 35) Lam-200 (n  = 12)

Primary responses               29 (82)            12 (100)
Breakthroughs                 7 (24.6)              2 (16.6)
End of study
responses (amplicor)

              22 (62.8)            10 (83.3)

Stably undetectable
HBV-DNA by RT-PCR

              18 (51.4)a            10 (83.3)a

aP = 0.051; 51.4% vs 83.3%.

Table 3  Viral blips observed during treatment. A viral blip is 
a transiently detectable viremia below 4 × 102 copies/mL in a 
responder patient

Lam 100 Lam 200 Total

Primary responders (n) 29 12 41
Viral blips n (%) 10 (34.4)   1 (8.3) 11
Breakthroughs no.   7   2   9
Viral blips n (%)   6 (85.7)   1 (50)   7 (77.7)a

End of study
responses (Amplicor)

22 10 32

Viral blips n (%)   4 (18.2)   0   4 (12.5)a

aViral blips among patients with breakthroughs vs viral blips among patients 
with end of study response; 77.7% vs 12.5%; P = 0.001.

Table 4  Lamivudine resistance mutations and HBV genotypes 
in patients with a virological breakthrough or primary non-
response

Treatment group: 1LAM:100; 2LAM:200.

Patients Genotype Baseline Mutation (mo)

Breakthrough
   11 D Wt rtM204V (11)
   12 D Wt None (19)
   23 D Wt rtM204V (24)
   14 A Wt rtM204V

rtL180M (28)
   15 D Wt rtM204V 

rtL180M (32)
   16 D Wt rtM204V

rtL180M (19)
   17 D Wt rtM204V

rtL180M (21)
   18 D Wt rtM204I (12)
Primary non-response
   11 D Wt rtM204I (9)
   12 D Wt rtM204V (11)
   13 D Wt rtM204I (11)
   14 D Wt rtM204I (9)
   15 D Wt rtM204I (12)
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eight months. HBV genotypes were detected in 24 patients, 
all but one were genotype D.

Lamivudine was well tolerated; one patient belonging 
to the 100 mg group discontinued the treatment due to 
an increase in serum amylase to eight times the UNL. No 
serious adverse events were recorded in either treatment 
group. 

DISCUSSION
This study was designed to check whether a long-term, 
double dose lamivudine treatment is feasible in patients 
with chronic hepatitis B and has the potential for a more 
profound and stable suppression of  viral replication. 

Basically, lamivudine pharmacokinetic is subjected to 
significant individual variability[20-22]. Plasma concentrations 
of  lamivudine do not reflect its antiviral activity, since 
it depends on the 5-triphosphate anabolite of  the drug, 
which is formed through an intracellular, saturable 
enzymatic process. Higher dosage of  lamivudine produced 
higher intracellular lamivudine triphosphate concentrations. 
The intracellular half-life of  active compound varies from 
17 to 19 h in hepatic cell lines and from 10.5 to 15.5 h in 
peripheral blood mononuclear cells (PBMCs)[23,24] which 
suggested a dose interval of  12 h in HIV patients. In our 
study giving daily LAM 200 mg in two refracted doses may 
have enhanced intracellular active drug availability and even 
reached adequate anti-viral concentrations in extrahepatic 
sites of  HBV replication. 

In chronic hepatitis B, lamivudine doses ranging 
from 25 to 300 mg/d were used obtaining a steady viral 
inhibition at 100 mg[17,18] as measured by a hybridization 
assay. Looking at long term efficacy, Yuen et al[25] found 
no difference in the cumulative incidence of  resistance 
mutations between patients treated with lamivudine 
100 mg/d and those who received 25 mg/d for one to 
three years, though viral suppression was less effective 
at lamivudine 25 mg than at lamivudine 100 mg. This 
suggests that viral suppression may be sub-optimal even 
at the dose of  100 mg and is in keeping with our results at 
100 and 200 mg. 

In our study, the use of  a sensitive PCR method 
highlighted that viral suppression was less efficient at 100 
mg/d and this was the background for mutant selection 
and viral breakthroughs. Indeed, some patients classified as 
VR by Monitor assay had viremia blips below 80 IU/mL. This 
phenomenon was significantly associated with subsequent 
stable resurgence of  viral replication and was mostly 
observed in patients receiving 100 mg lamivudine. At the 
end of  the study a stable viral suppression was achieved in 
83% of  the patients receiving 200 mg LAM and in 51% of  
those treated at 100 mg/d. 

There are some practical consequences from these 
observations, which are summarized in Figure 1. First 
of  all, patients under treatment with lamivudine require 
strict follow-up with a high-sensitivity PCR assay, in order 
to detect, as soon as possible, even low level viremia. 
Secondly, an early change in therapeutic strategy is 
advisable for patients with viremia blips, by switching to 
adefovir or to entecavir[26-28], in order to prevent virological 
and biochemical BTs. Finally, patients with undetectable 
HBV-DNA and no viremia blips are candidates for continuing 

long-term lamivudine monotherapy, since the absence of  
viremia blips is predictive of  long-term response. 

Genotype D of  HBV was largely prevalent in our series 
and this raises the question as to whether the results are 
applicable to different HBV genotypes. There is evidence 
that response rates to Peg-interferon depend on HBV 
genotypes while less clear-cut results were obtained with 
anti-HBV analogs[1,29-31].

None of  the primary non-response was associated 
with a pre-existing mutation, supporting the concept that 
the pharmacokinetic of  the drug may play an important 
role in primary non-response and that higher drug doses 
may force this pharmacokinetic defect. Alternatively, PNR 
patients might harbour viral variants not detected by our 
method. Lamivudine resistance mutations were detected in 
all but one patient with virological BT.

In all primary non-responders continuing the treatment 
caused the appearance of  resistance mutations, with 
further ALT elevation. From a practical point of  view, 
patients who do not respond to a standard lamivudine 
dose should stop the treatment within the first six months 
(Figure 1), since a response after this period is unlikely. 
There is no data on early shifting to a higher lamivudine 
dose after an initial non-response to a standard dose. 

In conclusion, our results indicate that the patients 
under lamivudine should be monitored using a high 
sensitivity PCR assay. An extended treatment with a double 
dose of  lamivudine is feasible in chronic hepatitis B, and 
has the potential for a more pronounced viral suppression 
than a standard dose. Since lamivudine is a well-used, non-
toxic and non-expensive anti-viral agent, these data should 
stimulate more powered studies aimed at optimizing 
treatment strategies.

 COMMENTS
Background
Sustained viral suppression is the main goal of antiviral therapy in chronic hepatitis 
B. Lamivudine was the first antiviral drug approved for HBV treatment, at the 
standard daily dose of 100 mg. Although it was safe and potent, it caused the 
emergence of drug-resistant viral strains, at a rate of about 15% a year. At present, 
other antiviral drugs against HBV are available (adefovir, entecavir, telbivudine) 
that show a higher genetic barrier than lamivudine. Recent guidelines do not 
recommend the use of lamivudine as first line therapy in chronic hepatitis B.

Research frontiers
Thousands of patients with chronic hepatitis B are under lamivudine treatment. 

 

Lamivudine

Response
HBV-DNA undetectable

Stable-HDV-DNA 
undetectable

Continue
lamivudine

Non response
     6 mo

HBV-DNA blips

       Switch to
adefovir or entecavir

Figure 1  Flow-chart for patients under lamivudine treatment.
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Furthermore, lamivudine is the cheapest anti-HBV drug. After five years of 
continued treatment approximately 25% of the patients have an undetectable 
HBV-DNA. Can we improve the efficacy of lamivudine and predict the long-term 
response to treatment? There is a lack of studies with a higher than standard 
dosage of lamivudine in immunocompetent patients. This article examines the 
possibility of prolonged treatment with double daily dose of lamivudine (200 mg) 
and the predictive value of close monitoring of serum HBV-DNA using a highly 
sensitive real-time PCR.

Innovations and breakthroughs
Patients treated with lamivudine 200 mg/d achieved a more rapid primary 
response and a more profound and long-lasting viral suppression. In fact, the 
use of a sensitive PCR for HBV-DNA detection showed that transient low viremia 
levels ("viral blips") were more frequently detected in patients receiving lamivudine 
100 mg and predicted a virological breakthrough and the emergence of lamivudine 
resistance mutations.

Applications
Patients under lamivudine treatment require a strict follow-up using a highly 
sensitive PCR. Real time PCR has a lower detection limit of 10 IU/mL and 
seems the best method for this purpose. Detecting even low level viremia during 
treatment may predict the emergence of resistance mutations. In this case, an 
early change in therapeutic strategy is advisable as indicated in Figure 1 of the 
paper. The paper suggests that therapy with double dose lamivudine is feasible 
and may achieve better results than the standard dose.

Terminology
Virological breakthrough is the increase of at least one log of the plasma viral 
concentration during anti-viral therapy. In most of the cases it is due to the 
emergence of viral resistant strains. Biochemical breakthrough is the increase of 
ALT value that follows the virological breakthrough. Genetic barrier may be defined 
as the probability of not reaching any resistant escape strains.

Peer review
The aim and content of the study were considered innovative. However, some 
limits come from the low number of patients enrolled in the 200 mg lamivudine 
group. As the authors stated, these results should encourage further trials.
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