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BSTRACT

 

Background

 

Although the nucleoside analogue
lamivudine has shown promise in patients with chron-
ic hepatitis B, long-term data on patients from the
United States are lacking. 

 

Methods

 

We randomly assigned previously untreat-
ed patients with chronic hepatitis B to receive either
100 mg of oral lamivudine or placebo daily for 52
weeks. We then followed them for an additional 16
weeks to evaluate post-treatment safety and the du-
rability of responses. The primary end point with re-
spect to efficacy was a reduction of at least 2 points
in the score on the Histologic Activity Index. On this
scale, scores can range from 0 (normal) to 22 (most
severe abnormalities).

 

Results

 

Of the 143 randomized patients, 137 were
included in the efficacy analysis: 66 in the lamivu-
dine group and 71 in the placebo group. The other
six patients were excluded at the base-line visit be-
cause of the absence of a documented history of hep-
atitis B surface antigen for at least six months. After
52 weeks of treatment, lamivudine recipients were
more likely than placebo recipients to have a histo-
logic response (52 percent vs. 23 percent, P<0.001),
loss of hepatitis B e antigen (HBeAg) in serum (32
percent vs. 11 percent, P=0.003), sustained suppres-
sion of serum hepatitis B virus (HBV) DNA to unde-
tectable levels (44 percent vs. 16 percent, P<0.001),
and sustained normalization of serum alanine amino-
transferase levels (41 percent vs. 7 percent, P<0.001),
and they were less likely to have increased hepatic
fibrosis (5 percent vs. 20 percent, P=0.01). Lamivu-
dine recipients were also more likely to undergo
HBeAg seroconversion, defined as the loss of HBeAg,
undetectable levels of serum HBV DNA, and the ap-
pearance of antibodies against HBeAg (17 percent
vs. 6 percent, P=0.04). HBeAg responses persisted
in most patients for 16 weeks after the discontinua-
tion of treatment. Lamivudine was well tolerated. Self-
limited post-treatment elevations in serum alanine
aminotransferase were more common in lamivudine
recipients: 25 percent had serum alanine aminotrans-
ferase levels that were at least three times base-line
levels, as compared with 8 percent of placebo recip-
ients (P=0.01). The clinical condition of all patients
remained stable during the study.

 

Conclusions

 

In U.S. patients with previously un-
treated chronic hepatitis B, one year of lamivudine
therapy had favorable effects on histologic, virologic,
and biochemical features of the disease and was well
tolerated. HBeAg responses were usually sustained
after treatment. (N Engl J Med 1999;341:1256-63.)
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EPATITIS B virus (HBV) infects more
than 300 million people worldwide, con-
tributing to debilitating illness and death.

 

1

 

Until recently, the only antiviral drug for
the treatment of hepatitis B was interferon.

 

2-4

 

In preliminary studies of patients with chronic hep-
atitis B, lamivudine, an oral nucleoside analogue,

 

5

 

 was
well tolerated and suppressed serum levels of HBV
DNA profoundly.

 

6-9

 

 We therefore conducted a one-
year study of the efficacy of lamivudine in patients
with chronic hepatitis B. After our data on patients
had been collected, Lai et al.

 

10

 

 reported the results of
a placebo-controlled study in which they found his-
tologic, biochemical, and serologic improvement in
patients in Hong Kong after 12 months of lamivu-
dine therapy.

The natural history of HBV infection differs be-
tween Asian and Western patients. Asian patients, who
usually become infected perinatally, rarely have an
acute hepatitis-like clinical syndrome but almost in-
variably remain chronically infected and are at sub-
stantial risk for cirrhosis and hepatocellular carcino-
ma. Western patients, who are usually infected as
adults by percutaneous or sexual exposure, typically
have an acute hepatitis-like clinical illness and rarely
become chronically infected.

 

1,11-15

 

 In addition, Asian
patients, especially those with normal or near-normal
aminotransferase activity, have less of a response to
interferon therapy than Western patients.

 

16

 

 We postu-
lated that such differences in the natural history of
chronic hepatitis B and the responsiveness to inter-
feron between Asian and Western patients would be
reflected by a difference in response to lamivudine in
Western patients with chronic hepatitis B. Moreover,
in the study by Lai et al.,

 

10

 

 therapy was continued
indefinitely and the effect of stopping therapy was not

H
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assessed. Our study included a four-month follow-up
period, which allowed us to evaluate post-treatment
effects and the durability of serologic responses.

 

METHODS

 

Study Design

 

Between May 1995 and August 1997, we conducted a prospec-
tive, randomized, double-blind, placebo-controlled study of pre-
viously untreated patients with chronic hepatitis B in 34 U.S. cen-
ters. Patients received either 100 mg of lamivudine (Epivir-HBV,
Glaxo Wellcome, Research Triangle Park, N.C.) per day orally or
matching placebo for 52 weeks and were then monitored for an
additional 16 weeks. The patients were assessed two and four
weeks after the initiation of therapy and every four weeks there-
after. Liver biopsies were performed at base line, unless they had
been done within the previous 12 months, and at week 52. The
study was approved by the institutional review boards at partici-
pating medical centers, and all patients gave written, informed
consent.

 

Patients

 

When this study was conducted, the results of the placebo-con-
trolled efficacy study by Lai et al.

 

10

 

 were not available, and the
only approved therapy was interferon alfa, an injectable drug with
substantial side effects. Potential subjects had to acknowledge
that by participating in the study, they were willing to forgo in-
terferon therapy.

To be eligible, patients had to be at least 18 years of age; to
have had detectable serum hepatitis B surface antigen (HBsAg)
for at least six months, serum hepatitis B e antigen (HBeAg) for
at least one month, and serum alanine aminotransferase levels
that were 1.3 to 10 times the upper limit of the normal range for
at least three months. Patients also had to have evidence of chron-
ic hepatitis on liver biopsy and detectable levels of serum HBV
DNA according to a hybridization assay (Abbott Diagnostics,
North Chicago, Ill.). The limit of detection of this assay was ap-
proximately 1.6 pg (10

 

6

 

 genomes) per milliliter.
Patients were excluded if they had any of the following: previ-

ous antiviral treatment for hepatitis B; treatment with antiviral
agents, immunomodulatory drugs, or corticosteroids within six
months before the study began; a bilirubin level of more than 2.5
mg per deciliter (43 

 

m

 

mol per liter); a prothrombin time that was
more than three seconds longer than normal; an albumin level of
less than 3.5 g per deciliter; a history of ascites, variceal hemor-
rhage, or hepatic encephalopathy; coinfection with hepatitis C vi-
rus, hepatitis D virus, or the human immunodeficiency virus; a
nuclear antibody titer of more than 1:160; a creatinine level of more
than 1.5 mg per deciliter (130 µmol per liter); a hemoglobin level
of less than 11 g per deciliter; a white-cell count of less than 3000
per cubic millimeter, a neutrophil count of less than 1500 per cu-
bic millimeter, and a platelet count of less than 100,000 per cubic
millimeter; or the presence of confounding medical illness or oth-
er types of liver disease. Women who were pregnant or breast-
feeding were also excluded.

 

End Points

 

The primary end point was an improvement of at least 2 points
in the score on the Histologic Activity Index.

 

17

 

 On this index,
scores can range from 0 (normal) to 22 (the most severe abnor-
malities) and are the sum of four histologic components: the se-
verity of periportal necrosis (range of scores, 0 to 10), intralobu-
lar necrosis (0 to 4), portal inflammation (0 to 4), and fibrosis
(0 to 4). A reduction of at least 2 points has been validated as a
clinically meaningful indicator of histologic changes in patients
with chronic viral hepatitis.

 

10,18-20

 

 The scores for the Histologic
Activity Index were calculated by an independent histopatholo-
gist who examined all slides of liver-biopsy specimens and who
was unaware of the patients’ treatment assignments or the times

at which the specimens had been obtained. In addition, he per-
formed a blinded ranking comparison, using a method validated
previously,

 

2,10

 

 of paired biopsy slides for each patient — one ob-
tained before treatment and the other obtained at week 52 — in
which he separately graded necroinflammatory features and deter-
mined the stage of fibrosis. After the code was broken, the results
of these comparisons were used to determine whether the find-
ings on the liver-biopsy specimen obtained at week 52 were bet-
ter than, worse than, or the same as those for biopsy specimens
obtained at base line.

Secondary end points included the loss of detectable levels of
HBeAg and HBV DNA in serum and the appearance of antibody
to HBeAg (referred to as HBeAg seroconversion); worsening fi-
brosis, on the basis of the ranked assessment of paired biopsy spec-
imens; sustained return of serum alanine aminotransferase levels to
normal; sustained suppression of serum levels of HBV DNA (i.e.,
the absence of detectable levels on two consecutive measurements
and thereafter until the end of therapy); the loss of detectable lev-
els of serum HBeAg or of HBsAg; and adverse effects. During
the 16-week follow-up period (weeks 53 to 68), the durability of
the response was assessed and the patients were monitored for ad-
verse effects. Efficacy outcomes were subjected to a modified in-
tention-to-treat analysis that included all randomized patients who
met the entry criteria; analyses with fewer than 66 patients in the
lamivudine group or 71 patients in the placebo group reflect the
exclusion of patients whose serologic or biochemical status at
base line differed from that at screening. For the histologic analy-
ses, patients who had missing biopsy data were counted as having
no response. All patients who received at least one dose of lami-
vudine or placebo were included in the analyses of adverse effects.

 

Genetic Analysis

 

Mutations in the YMDD (tyrosine, methionine, aspartate, and as-
partate) motif of HBV polymerase, which have been associated with
potential resistance of HBV to lamivudine,

 

21-23

 

 were assessed in
HBV DNA amplified by the polymerase chain reaction.

 

10,24

 

 HBV
DNA was obtained from stored serum samples obtained at week 52.

 

Statistical Analysis

 

We anticipated that 50 percent of the patients in the lamivudine
group and 10 percent of those in the placebo group would have a
reduction of at least 2 points in the score on the Histologic Activity
Index. We determined that at least 120 patients would be needed
to allow the study to have a two-tailed significance level of 0.05 and
a power of 99 percent. We further assumed that base-line liver-
biopsy samples might be inadequate for histologic evaluation in
5 percent of patients, that base-line Histologic Activity Index scores
would be less than 2 in up to 10 percent of patients, that 10 per-
cent of patients might withdraw from the trial, that 10 percent
might decline to undergo a second liver biopsy, and that 5 percent
of the liver-biopsy samples obtained at the end of treatment
would be inadequate for histologic evaluation. These assumptions
and the classification of all patients with missing histologic data
as having no response to treatment would result in an apparent his-
tologic response in 33 percent of lamivudine recipients and 7 per-
cent of placebo recipients, giving the study a power of 90 percent.

Statistical tests (the Mantel–Haenszel test, the van Elteren test,
Fisher’s exact test, and the signed-rank test) for comparisons be-
tween treatment groups and resulting P values were two-tailed.

 

25

 

Logistic-regression models, adjusted for base-line covariates (se-
rum alanine aminotransferase and HBV DNA levels, scores on
the Histologic Activity Index, race, age, sex, weight, and presence
or absence of cirrhosis), were used to assess the effect of covari-
ates on efficacy outcomes.

 

25

 

 No interim analyses were performed.

 

RESULTS

 

We screened 217 patients and enrolled 143: 72
were randomly assigned to the placebo group and
71 to the lamivudine group. Six of the 143 patients
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were excluded at the base-line visit because of the
absence of a documented history of serum HBsAg
for at least six months. Of these six, two withdrew
before receiving any treatment. Therefore, the mod-
ified intention-to-treat population consisted of 137
patients: 66 received lamivudine and 71 placebo. For
the assessments of histologic response, paired biopsy
data were available for 104 of the 137 patients. There
were no statistically significant differences between
the two groups with respect to demographic or clin-
ical features at base line, with the exception of the
route of acquisition of the infection and serum levels
of HBV DNA. Serum levels of HBV DNA were high-
er in the lamivudine group at base line (Table 1). The
condition of all the patients was stable at enrollment
and remained so during the study.

 

Histologic Response

 

In the lamivudine group, 34 of 66 patients (52
percent) had a reduction of at least 2 points in the
Histologic Activity Index score, as compared with
16 of 71 patients (23 percent) in the placebo group
(P<0.001). The inclusion of the six randomized pa-
tients who met the eligibility criteria at screening but
not at entry had no effect on the results (37 of 71
lamivudine recipients [52 percent] vs. 16 of 72 pla-
cebo recipients [22 percent], P<0.001). Histologic
worsening, defined as an increase of at least 2 points
in the Histologic Activity Index score, occurred in
7 of 66 lamivudine recipients (11 percent) and 17 of
71 placebo recipients (24 percent, P<0.001).

In a blinded ranking of pretreatment and post-treat-
ment liver-biopsy specimens, we identified a decrease
in necroinflammatory activity in specimens from 42
of 66 lamivudine recipients (64 percent) and 24 of
71 placebo recipients (34 percent, P=0.001) and in-
creased fibrosis in specimens from 3 of 66 lamivu-
dine recipients (5 percent) and 14 of 71 placebo re-
cipients (20 percent, P=0.01). The median reduction
in the score of the Histologic Activity Index was 3 in
the lamivudine group and 0 in the placebo group.
Lamivudine recipients with HBeAg seroconversion
(i.e., loss of serum HBeAg, undetectable levels on
serum HBV DNA, and the presence of antibodies
against HBeAg) or loss of serum HBeAg had medi-
an reductions in the scores on the Histologic Activ-
ity Index of 6 and 5, respectively. Lamivudine recip-
ients with no change in HBeAg status had median
reductions in scores of 3 and 2, respectively.

 

Virologic Response

 

Lamivudine suppressed serum HBV DNA to un-
detectable levels in nearly all treated patients, within
a median of four weeks. The cumulative percentage
of patients in whom serum HBV DNA levels were
undetectable at least once during treatment was 98
percent in the lamivudine group (62 of 63 patients)
and 33 percent in the placebo group (23 of 69 pa-

tients). The cumulative percentage with sustained
suppression of serum HBV DNA levels through week
52 was 44 percent in the lamivudine group (28 of
63 patients) and 16 percent in the placebo group
(11 of 69 patients, P<0.001). Among the lamivu-
dine recipients, the median level of suppression of se-
rum HBV DNA levels ranged from 95 to 99 percent

 

*The results of the assessment of the effect of lamivudine treatment on
the primary histologic end point were the same (P<0.001) whether or not
the results were adjusted for the route of HBV acquisition. P=0.36 for the
interaction between the type of treatment and the route of HBV acquisi-
tion. Because of rounding, not all percentages sum to 100.

†Values such as a Histologic Activity Index score of 0, a serum HBV
DNA level of less than 1.6 pg per milliliter (all such measurements were
assigned a value of 0.8 in the calculation of the medians), or a normal se-
rum alanine aminotransferase level were exclusion criteria. Subjects who
had such values at base line had had acceptable values at screening. These
patients were allowed to continue therapy and were included in the safety
analysis but not in the efficacy analysis.

‡The results of the assessment of the effect of lamivudine treatment on
the primary histologic end point were the same (P<0.001) whether or not
the results were adjusted for serum HBV DNA levels at base line. P=0.34
for the interaction between the type of treatment and serum HBV DNA
levels at base line.

§To convert values for bilirubin to micromoles per deciliter, multiply
by 17.1.

 

T

 

ABLE

 

 1.

 

 B

 

ASE

 

-L

 

INE

 

 C

 

HARACTERISTICS

 

 

 

OF

 

 

 

THE

 

 P

 

ATIENTS

 

.

 

C

 

HARACTERISTIC

 

L

 

AMIVUDINE

 

G

 

ROUP

 

(N=66)

P

 

LACEBO

 

G

 

ROUP

 

(N=71)

 

Age (yr)
Median
Range

40
18–73

38
20–67

Male sex (%) 86 80
Weight (kg)

Median
Range

78.1
51–145

74.5
45–168

Race (%)
White
Asian
Black
Other or unknown

59
24
15
2

56
17
18
9

Route of HBV acquisition (%)*
Injection-drug use
Perinatal
Sexual
Transfusion
Other or unknown

3
23
29
8

38

0
8

35
3

54
Cirrhosis (%) 6 14
Histologic Activity Index score

Median
Range

10
0–15†

11
3–17

Serum HBV DNA (pg/ml)‡
Median
Range

102.2
0.8–1753†

56.5
0.8–653

Serum alanine aminotransferase (U/liter)
Median
Range

125
46–401†

135
33–592

Serum bilirubin (mg/dl)§
Median
Range

0.7
0.3–2.2

0.7
0.3–2.0

Serum albumin (g/dl)
Median
Range

3.9
2.9–4.5

3.8
2.9–4.6
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Figure 1.

 

 Median Changes in Serum HBV DNA Levels from Base Line (Panel A) and Percentages of Pa-
tients with Undetectable Serum HBV DNA Levels (Panel B).
Serum HBV DNA levels were measured with a liquid hybridization assay with a limit of detection of
1.6 pg per milliliter. In Panel A, the reduction in serum HBV DNA levels in the placebo group may rep-
resent regression toward the mean, perhaps because patients with more active hepatitis, who may be
having spontaneous flares that accompany reductions in the rate of viral replication, are more likely
to be included in clinical studies. The dotted line in each panel marks the end of treatment.
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throughout the 52 weeks of therapy. Among placebo
recipients, serum levels of HBV DNA fell gradually
during treatment, with a median level of suppression
of approximately 40 percent (Fig. 1A). The percent-
age of patients at each study visit with undetectable
serum HBV DNA levels is shown in Figure 1B.

By week 52 of therapy, lamivudine recipients were

more likely than placebo recipients to have had HBeAg
seroconversion (11 of 63 [17 percent] vs. 4 of 69
[6 percent], P=0.04) and to have lost serum HBeAg
(21 of 66 [32 percent] vs. 8 of 71 [11 percent],
P=0.003). Sixteen weeks after the end of treatment,
11 of 63 lamivudine recipients (17 percent) had un-
dergone HBeAg seroconversion (3 who had previ-

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 5, 2009 . For personal use only. No other uses without permission. 



 

1260

 

·

 

October 21, 1999

 

The New England Journal  of  Medicine

 

ously seroconverted reverted, and 3 underwent sero-
conversion for the first time, for a net change of 0 and
a maintenance of the serologic response in 8 [73
percent] of the 11 who had undergone HBeAg sero-
conversion at week 52). A total of 6 of 69 placebo
recipients (9 percent) had undergone HBeAg sero-
conversion at week 68. Similarly, 16 weeks after the
end of treatment, 19 of 66 lamivudine recipients (29
percent) did not have serum HBeAg (it was present
in 4 in whom it had been absent at week 52 and ab-
sent in 2 in whom it had been present at week 52,
for a net loss of 2 patients and a maintenance of the
serologic response in 81 percent). A total of 11 of 71
placebo recipients (15 percent) did not have serum
HBeAg at week 68 (it was present in 1 in whom it
had been absent at week 52 and absent in 4 in whom
it had been present at week 52, for a net gain of
3 and a maintenance of the serologic response in 88
percent). Loss of serum HBsAg occurred in 1 of 66
lamivudine recipients (2 percent) but in none of 71
placebo recipients.

As compared with patients who received lamivudine
for 3 months

 

6

 

 or 6 months,

 

9

 

 whose serum HBV DNA
levels returned to base line within 2 months after the
end of treatment, our patients, who received lamivu-
dine for 12 months, had a slower return of detect-
able serum HBV DNA levels (Fig. 2), and the me-
dian levels were approximately 55 percent below the
base-line levels at week 68 (Fig. 1).

To identify the potential effect of base-line variables
on the histologic and serologic responses, we per-
formed logistic-regression analyses that included base-

line characteristics as covariates. The likelihood of a
histologic response (odds ratio, 7.5; 95 percent con-
fidence interval, 2.7 to 20.9; P<0.001) and of HBeAg
seroconversion (odds ratio, 9.7; 95 percent confi-
dence interval, 1.7 to 56.1; P=0.01) remained sig-
nificantly higher among lamivudine recipients than
among placebo recipients after adjustment for the
base-line covariates of serum alanine aminotransfer-
ase levels, serum HBV DNA levels, Histologic Activ-
ity Index score, race (Asian, white, black, or other or
unknown), age, sex, weight, and the presence or ab-
sence of cirrhosis.

 

Biochemical Response

 

During the 52 weeks of treatment, serum alanine
aminotransferase levels returned to normal and re-
mained so in 27 of 66 lamivudine recipients (41
percent) and 5 of 68 placebo recipients (7 percent,
P<0.001).

 

Adverse Events

 

Lamivudine was well tolerated, with an incidence
of adverse events that was similar to that for placebo.
The most common adverse events were malaise or
fatigue and nausea or vomiting (Table 2). There were
no deaths or instances of hepatic decompensation
during the study. The frequency of grade III or IV
abnormalities in clinical laboratory values was similar
in the two study groups (Table 2). During therapy,
similar proportions of both groups had elevations in
serum alanine aminotransferase (Table 3). After ther-
apy, serum alanine aminotransferase levels that were

 

Figure 2.

 

 Median Serum HBV DNA Levels after 3, 6, and 12 Months of Lamivudine Therapy.
The 12-month data are from the current study; the 3-month and 6-month data are from Dienstag et al.

 

6

 

and Nevens et al.,

 

9

 

 respectively. The limit of detection of the assay that we used is 1.6 pg per milliliter.
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at least three times the base-line values were more
common among lamivudine recipients than among
placebo recipients (25 percent vs. 8 percent, P=0.01);
however, none of the patients who had elevations in
serum alanine aminotransferase levels had hepatic de-
compensation (Table 3). Elevations in serum alanine
aminotransferase during therapy were more frequent-
ly associated with HBeAg seroconversion and loss of
HBeAg in the lamivudine group (4 of 18 patients
[22 percent] and 6 of 18 patients [33 percent], re-
spectively) than in the placebo group (0 of 18 and
2 of 19 patients [11 percent], respectively).

 

Viral Variants

 

We analyzed HBV DNA amplified from serum sam-
ples obtained at the end of treatment (week 52) from

44 lamivudine recipients for whom adequate serum
samples were available. Fourteen (32 percent) had de-
tectable mutations in the YMDD motif of HBV poly-
merase; only patients with the wild-type sequence had
HBeAg seroconversion. Median serum HBV DNA
levels and serum alanine aminotransferase levels were
similar at base line in the group with YMDD muta-
tions and the group with the wild-type sequence (132
and 87 pg per milliliter and 120 and 111 U per liter,
respectively). Despite such apparent genotypic resist-
ance, the patients with YMDD mutations had lower
median serum HBV DNA levels (47 pg per millili-
ter) and serum alanine aminotransferase levels (77 U
per liter) at week 52 than at base line, significantly
so in the case of serum HBV DNA levels (P<0.001
by the signed-rank test). At week 52, 19 of 30 pa-
tients with the wild-type sequence (63 percent) and
6 of 14 patients with YMDD mutations (43 percent)
had a histologic response. Sixteen weeks after the
discontinuation of therapy, the median serum HBV
DNA and alanine aminotransferase levels in the group
with YMDD mutations were 112 pg per milliliter

 

*Only adverse events that were reported by at least 5 percent of patients
are listed. Two of the 143 randomized patients withdrew before receiving
treatment (one in each group) and were therefore excluded from the analy-
sis of adverse effects.

†Grade III and IV abnormalities are defined as follows: for alanine ami-
notransferase, a value 3.1 to 10 times the base-line value and more than 10
times the base-line value, respectively; for albumin, a value of 2.0 to 2.4 g
per deciliter and less than 2.0 g per deciliter; for amylase, a value 3.1 to 10
times the base-line value and more than 10 times the base-line value; for
lipase, a value 2.6 to 5 times the upper limit of normal and more than 5 times
the upper limit of normal; for bilirubin, a value 5.1 to 10 times the upper
limit of normal and more than 10 times the upper limit of normal; for cre-
atine kinase, a value 7 to 9.9 times the base-line value and at least 10 times
the base-line value; for hemoglobin, a value of 6.4 to 7.9 g per deciliter
and less than 6.4 g per deciliter; for the neutrophil count, a value of 500
to 740 per cubic millimeter and less than 500 per cubic millimeter; for the
platelet count, a value of 20,000 to 49,000 per cubic millimeter and less
than 20,000 per cubic millimeter; for the white-cell count, a value of 1000
to 1400 per cubic millimeter and less than 1000 per cubic millimeter. None
of the patients in either group had grade III or IV abnormalities in serum
bilirubin levels, hemoglobin levels, neutrophil counts, or white-cell counts.
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percentage of patients

 

Events during treatment and follow-up
Malaise or fatigue
Nausea or vomiting
Headache
Muscle pain
Abdominal discomfort
Sleep disorder
Paresthesias
Rash
Diarrhea

19
9
9
0
4
7
3
6
6

20
15
8
8
7
4
7
8
6

Grade III or IV laboratory abnormalities
during treatment†

Alanine aminotransferase
Albumin
Amylase
Lipase
Creatine kinase
Platelets

10
0
0
9
9
0

13
3
1
7
4
3

*A grade III abnormality was defined as a serum alanine
aminotransferase (ALT) value that was 3.1 to 10 times the
base-line value, and a grade IV abnormality as a value that
was more than 10 times the base-line value. The respective
numbers of patients in the lamivudine group and the placebo
group were 70 and 71 during therapy and 65 and 66 during
follow-up.

†P=0.01 by the two-tailed Fisher’s exact test, without ad-
justment for multiple comparisons.
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DURING 52 WEEKS OF TREATMENT 
AND 16 WEEKS OF FOLLOW-UP.*

VARIABLE

LAMIVUDINE

GROUP

PLACEBO

GROUP

no. of patients (%)

During therapy

Grade III abnormality in ALT
Grade IV abnormality in ALT
ALT »2 times above base-line levels
ALT »3 times above base-line levels
ALT »2 times above base-line levels

and >500 U/liter
ALT »2 times above base-line levels 

and bilirubin »2 times above base-
line levels

7 (10)
0 

18 (26)
7 (10)
1 (1)

0 

9 (13)
0

19 (27)
9 (13)
7 (10)

0 

During follow-up

Grade III abnormality in ALT
Grade IV abnormality in ALT
ALT »2 times above base-line levels
ALT »3 times above base-line levels
ALT »2 times above base-line levels 

and >500 U/liter
ALT »2 times above base-line levels 

and bilirubin »2 times above base-
line levels

14 (22)
2 (3)

19 (29)
16 (25)
12 (18)

1 (2)

4 (6)†
1 (2)

13 (20)
5 (8)†
6 (9)

1 (2)
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and 110 U per liter, respectively — values that were
close to the base-line levels.

DISCUSSION

In U.S. patients with previously untreated chronic
hepatitis B, treatment with lamivudine for one year
was well tolerated, decreased histologic liver abnor-
malities, and increased the rate of HBeAg serocon-
version (defined as the loss of HBeAg in serum, un-
detectable serum HBV DNA levels, and the presence
of antibodies against HBeAg). Lamivudine also in-
creased the rates of loss of serum HBeAg, suppres-
sion of serum HBV DNA levels, and normalization of
serum alanine aminotransferase levels. Hepatic necro-
inflammatory activity was decreased, and the pro-
gression of hepatic fibrosis was retarded. Loss of se-
rum HBeAg occurred by week 52 in 32 percent of
lamivudine-treated patients, similar to the 33 per-
cent rate reported in a meta-analysis of interferon-
treated patients.4 In contrast to reports suggesting
that the efficacy of interferon was reduced in Asian
patients,16 our findings and those of Lai et al.10 sug-
gest that the effects of lamivudine are similar in Asian
and Western populations.

Furthermore, by incorporating the cessation of
therapy into our study design, we determined that
the virologic response was maintained 16 weeks after
the end of treatment in 73 percent of lamivudine-
treated patients who had HBeAg seroconversion and
81 percent of those with loss of serum HBeAg by
week 52. A recent study that used an extended-treat-
ment protocol found that such HBeAg responses were
maintained for a median of 19 months after treat-
ment in more than 80 percent of patients.26 There-
fore, continuation of treatment with lamivudine un-
til there is an HBeAg response would be a reasonable
strategy. Continued follow-up would allow reinstitu-
tion of therapy for the minority of patients in whom
the response is not sustained.

Post-treatment monitoring for safety revealed that
elevations in serum alanine aminotransferase were
more common after lamivudine therapy than after
placebo. There have been reports of occasional, se-
vere elevations in serum alanine aminotransferase af-
ter treatment27; in our study, however, these elevations
were not clinically severe and were not associated with
hepatic decompensation.

Loss of HBsAg, reported in 8 to 10 percent of
interferon-treated patients,2,4 occurred in only one
lamivudine recipient in our study. In recent studies
that compared lamivudine and interferon, however,
loss of HBsAg was rare in both groups.28,29 Whether
lamivudine therapy will be followed by late losses of
HBsAg and improvements in the natural history of
chronic hepatitis B after an HBeAg response, as oc-
curs after interferon therapy,30-32 remains to be seen.

Although serum HBV DNA levels are suppressed
during lamivudine treatment in almost all patients,

HBV subpopulations with YMDD mutations even-
tually emerge in some patients and are associated
with diminished therapeutic responses.10,33 We iden-
tified such mutations at one year in 32 percent of
the 44 lamivudine recipients for whom we had ade-
quate serum samples — a proportion that is more
than twice that reported in Asian patients (14 per-
cent).10 Despite the occurrence of YMDD mutations,
however, serum HBV DNA and alanine aminotrans-
ferase levels at the end of treatment with lamivudine
remained lower than the base-line levels. These find-
ings may be explained by the observation that HBV
with YMDD mutations is less replication-competent
in vitro than wild-type HBV.24,34 Longer-term mon-
itoring of patients with such mutations and those
without them is ongoing.

The goal of antiviral therapy is to arrest or delay
the progressive HBV-associated hepatic injury, and
histologic improvements are thought to be effected
by the suppression of viral replication. In patients who
are treated with interferon, sustained reductions in
serum HBV DNA levels occur primarily in those with
HBeAg responses. In contrast, in our study, substan-
tial reductions in serum HBV DNA levels occurred
in virtually all lamivudine recipients, independent of
the HBeAg responses. Therefore, patients who have
not had HBeAg seroconversion or loss of HBeAg af-
ter one year of lamivudine treatment are candidates
for extended treatment in order to maintain the sup-
pression of viral replication and, as a result, stop or
attenuate the liver damage. Preliminary data suggest
that long-term therapy is well tolerated35; studies to
assess the effects of long-term suppressive therapy in
patients who do not seroconvert are in progress.

Which should be first-line therapy — interferon
or lamivudine? Favoring interferon are the limited
duration of treatment and the absence of a recog-
nized effect of HBV mutations on efficacy. Favoring
lamivudine are the lower likelihood of side effects,
the convenience of administration, and the fact that
the histologic benefit is seen in the majority of pa-
tients, not just those with HBeAg responses. It is
uncertain whether the results of treatment with a
combination of lamivudine and interferon would be
better than the results of treatment with either drug
alone. On the basis of initial reports from two con-
trolled studies, however, combination therapy does
not appear to have greater benefit than lamivudine
monotherapy.28,29
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APPENDIX

In addition to the authors, the U.S. Lamivudine Investigator Group in-
cludes the following persons: B.R. Bacon (St. Louis University, St. Lou-
is), A. Baker (University of Chicago, Chicago), S.H. Caldwell (University
of Virginia, Charlottesville), D.E. Casey, Jr. (Greater Baltimore Medical
Center, Baltimore), G.L. Davis (University of Florida, Gainesville), G.T.
Everson (University of Colorado, Denver), R.T. Foust (Medical University
of South Carolina, Charleston), R. Gish (California Pacific Medical Center,
San Francisco), N. Gitlin (Emory University School of Medicine, Atlanta),
S.C. Gordon (William Beaumont Hospital, Royal Oak, Mich.), I.S. Grimm
(University of North Carolina, Chapel Hill), I. Jacobson (New York Hos-
pital, New York), K.V. Kowdley (University of Washington, Seattle), W.M.
Lee (University of Texas Southwestern Medical Center, Dallas), J.H. Lewis
(Georgetown University Medical Center, Washington, D.C.), K. Lindsay
(University of Southern California, Los Angeles), L. Marsano (University
of Kentucky, Lexington), C.B. O’Brien (Hospital of the University of
Pennsylvania, Philadelphia), J. Rakela (University of Pittsburgh, Pitts-
burgh), C. Riely (University of Tennessee, Memphis), V.K. Rustgi (Fairfax
Hospital, Fairfax, Va.), C.I. Sanchez Rodriguez (Hato Rey, P.R.), L. Seeff
(Veterans Affairs Medical Center, Washington, D.C.), M.L. Shiffman (Med-
ical College of Virginia, Richmond), C.H. Tamburro (deceased) (Univer-
sity of Louisville, Louisville, Ky.), and M.J. Tong (Huntington Memorial
Hospital, Pasadena, Calif.).

REFERENCES

1. Dienstag JL, Isselbacher KJ. Acute viral hepatitis. In: Fauci AS, Braun-
wald E, Isselbacher KJ, et al., eds. Harrison’s principles of internal medi-
cine. 14th ed. Vol. 2. New York: McGraw-Hill, 1998:1677-92.
2. Perrillo RP, Schiff ER, Davis GL, et al. A randomized, controlled trial 
of interferon alfa-2b alone and after prednisone withdrawal for the treat-
ment of chronic hepatitis B. N Engl J Med 1990;323:295-301.
3. Hoofnagle JH, Di Bisceglie AM. The treatment of chronic viral hepa-
titis. N Engl J Med 1997;336:347-56.
4. Wong DKH, Cheung AM, O’Rourke K, Naylor CD, Detsky AS, 
Heathcote J. Effect of alpha-interferon treatment in patients with hepatitis 
B e antigen-positive chronic hepatitis B: a meta-analysis. Ann Intern Med 
1993;119:312-23.
5. Doong SL, Tsai CH, Schinazi RF, Liotta DC, Cheng YC. Inhibition of 
the replication of hepatitis B virus in vitro by 2',3'-dideoxy-3'-thiacytidine 
and related analogues. Proc Natl Acad Sci U S A 1991;88:8495-9.
6. Dienstag JL, Perrillo RP, Schiff ER, Bartholomew M, Vicary C, Rubin 
M. A preliminary trial of lamivudine for chronic hepatitis B infection. 
N Engl J Med 1995;333:1657-61.
7. Honkoop P, de Man RA, Niesters HGM, et al. Quantitative hepatitis B 
virus DNA assessment by the limiting-dilution polymerase chain reaction 
in chronic hepatitis B patients: evidence of continuing viral suppression 
with longer duration and higher dose of lamivudine therapy. J Viral Hepat 
1998;5:307-12.
8. Tyrrell DLJ, Mitchell MC, De Man RA, et al. Phase II trial of lamivu-
dine for chronic hepatitis B. Hepatology 1993;18:112A. abstract.
9. Nevens F, Main J, Honkoop P, et al. Lamivudine therapy for chronic 
hepatitis B: a six-month randomized dose-ranging study. Gastroenterology 
1997;113:1258-63.
10. Lai C-L, Chien R-N, Leung NWY, et al. A one-year trial of lamivu-
dine for chronic hepatitis B. N Engl J Med 1998;339:61-8.
11. Seeff LB, Koff RS. Evolving concepts of the clinical and serologic 
consequences of hepatitis B virus infection. Semin Liver Dis 1986;6:11-
22.
12. Margolis HS, Alter MJ, Hadler SC. Hepatitis B: evolving epidemiolo-
gy and implications for control. Semin Liver Dis 1991;11:84-92.

13. Beasley RP, Hwang L-Y. Postnatal infectivity of hepatitis B surface an-
tigen-carrier mothers. J Infect Dis 1983;147:185-90.
14. Seeff LB, Beebe GW, Hoofnagle JH, et al. A serologic follow-up of 
the 1942 epidemic of post-vaccination hepatitis in the United States Army. 
N Engl J Med 1987;316:965-70.
15. Tassopoulos NC, Papaevangelou GJ, Sjogren MH, Roumeliotou-
Karayannis A, Gerin JL, Purcell RH. Natural history of acute hepatitis B 
surface antigen-positive hepatitis in Greek adults. Gastroenterology 1987;
92:1844-50.
16. Perrillo RP. Factors influencing response to interferon in chronic hep-
atitis B: implications for Asian and western populations. Hepatology 1990;
12:1433-5.
17. Knodell RG, Ishak KG, Black WC, et al. Formulation and application 
of a numerical scoring system for assessing histological activity in asymp-
tomatic chronic active hepatitis. Hepatology 1981;1:431-5.
18. Goodman ZD, Ishak KG. Histopathology of hepatitis C virus infec-
tion. Semin Liver Dis 1995;15:70-81.
19. Carithers RL Jr, Emerson SS. Therapy of hepatitis C: meta-analysis of 
interferon alfa-2b trials. Hepatology 1997;26:Suppl 1:83S-88S.
20. McHutchison JG, Gordon SC, Schiff ER, et al. Interferon alfa-2b 
alone or in combination with ribavirin as initial treatment for chronic hep-
atitis C. N Engl J Med 1998;339:1485-92.
21. Ling R, Mutimer D, Ahmed M, et al. Selection of mutations in the 
hepatitis B virus polymerase during therapy of transplant recipients with 
lamivudine. Hepatology 1996;24:711-3.
22. Tipples GA, Ma MM, Fischer KP, Bain VG, Kneteman NM, Tyrrell 
DLJ. Mutation in HBV RNA-dependent DNA polymerase confers resist-
ance to lamivudine in vivo. Hepatology 1996;24:714-7.
23. Bartholomew MM, Jansen RW, Jeffers LJ, et al. Hepatitis-B-virus re-
sistance to lamivudine given for recurrent infection after orthotopic liver 
transplantation. Lancet 1997;349:20-2.
24. Allen MI, Deslauriers M, Andrews CW, et al. Identification and char-
acterization of mutations in hepatitis B virus resistant to lamivudine. Hep-
atology 1998;27:1670-7.
25. Peace KE, ed. Biopharmaceutical statistics for drug development. New 
York: Marcel Dekker, 1988.
26. Schiff E, Cianciara J, Kowdley K, et al. Durability of HBeAg serocon-
version after lamivudine monotherapy in controlled phase II and III trials. 
Hepatology 1998;Suppl:28:163A. abstract.
27. Honkoop P, de Man RA, Heitjink RA, Schalm SW. Hepatitis B reac-
tivation after lamivudine. Lancet 1995;346:1156-7.
28. Heathcote J, Schalm SW, Cianciara J, et al. Lamivudine and Intron A 
combination treatment in patients with chronic hepatitis B infection. 
J Hepatol 1998;28:Suppl 1:43. abstract.
29. Schiff E, Karayalcin S, Grimm I, et al. A placebo controlled study of 
lamivudine and interferon alpha-2b in patients with chronic hepatitis B 
who previously failed interferon therapy. Hepatology 1998;Suppl:28:
388A. abstract.
30. Niederau C, Heintges T, Lange S, et al. Long-term follow-up of 
HBeAg-positive patients treated with interferon alfa for chronic hepatitis 
B. N Engl J Med 1996;334:1422-7.
31. Lau DT-Y, Everhart J, Kleiner DE, et al. Long-term follow-up of pa-
tients with chronic hepatitis B treated with interferon alfa. Gastroenterol-
ogy 1997;113:1660-7.
32. Korenman J, Baker B, Waggoner J, Everhart JE, Di Bisceglie AM, 
Hoofnagle JH. Long-term remission of chronic hepatitis B after alpha-
interferon therapy. Ann Intern Med 1991;114:629-34.
33. Chayama K, Suzuki Y, Kobayashi M, et al. Emergence and takeover of 
YMDD motif mutant hepatitis B virus during long-term lamivudine ther-
apy and re-takeover by wild type after cessation of therapy. Hepatology 
1998;27:1711-6.
34. Melegari M, Scaglioni PP, Wands JR. Hepatitis B virus mutants asso-
ciated with 3TC and famciclovir administration are replication defective. 
Hepatology 1998;27:628-33.
35. Dienstag JL, Schiff ER, Mitchell M, et al. Extended lamivudine retreat-
ment for chronic hepatitis B. Hepatology 1996;Suppl:24:188A. abstract.

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 5, 2009 . For personal use only. No other uses without permission. 


