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A BS TR AC T

Background
Tenofovir disoproxil fumarate (DF) is a nucleotide analogue and a potent inhibitor 
of human immunodeficiency virus type 1 reverse transcriptase and hepatitis B virus 
(HBV) polymerase.
Methods
In two double-blind, phase 3 studies, we randomly assigned patients with hepatitis 
B e antigen (HBeAg)–negative or HBeAg-positive chronic HBV infection to receive 
tenofovir DF or adefovir dipivoxil (ratio, 2:1) once daily for 48 weeks. The primary 
efficacy end point was a plasma HBV DNA level of less than 400 copies per milliliter 
(69 IU per milliliter) and histologic improvement (i.e., a reduction in the Knodell 
necroinflammation score of 2 or more points without worsening fibrosis) at week 48. 
Secondary end points included viral suppression (i.e., an HBV DNA level of <400 copies 
per milliliter), histologic improvement, serologic response, normalization of alanine 
aminotransferase levels, and development of resistance mutations.
Results
At week 48, in both studies, a significantly higher proportion of patients receiving 
tenofovir DF than of those receiving adefovir dipivoxil had reached the primary end 
point (P<0.001). Viral suppression occurred in more HBeAg-negative patients receiving 
tenofovir DF than patients receiving adefovir dipivoxil (93% vs. 63%, P<0.001) and in 
more HBeAg-positive patients receiving tenofovir DF than patients receiving adefovir 
dipivoxil (76% vs. 13%, P<0.001). Significantly more HBeAg-positive patients treated 
with tenofovir DF than those treated with adefovir dipivoxil had normalized alanine 
aminotransferase levels (68% vs. 54%, P = 0.03) and loss of hepatitis B surface anti-
gen (3% vs. 0%, P = 0.02). At week 48, amino acid substitutions within HBV DNA poly-
merase associated with phenotypic resistance to tenofovir DF or other drugs to treat 
HBV infection had not developed in any of the patients. Tenofovir DF produced a simi-
lar HBV DNA response in patients who had previously received lamivudine and in those 
who had not. The safety profile was similar for the two treatments in both studies.
Conclusions
Among patients with chronic HBV infection, tenofovir DF at a daily dose of 300 mg 
had superior antiviral efficacy with a similar safety profile as compared with adefo-
vir dipivoxil at a daily dose of 10 mg through week 48. (ClinicalTrials.gov numbers, 
NCT00116805 and NCT00117676.)
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Chronic hepatitis B virus (HBV) infec-
tion is a major health problem.1-3 Since 
most patients with chronic HBV infection 

require long-term therapy,4-6 there is a need for 
new drugs with potent antiviral activity and estab-
lished long-term safety, as well as a proven low 
rate of HBV antiviral resistance, a high genetic 
barrier (i.e., requiring more than one amino acid 
substitution to confer resistance to HBV treat-
ment), or both.

The ultimate goal of treatment of chronic 
HBV infection is to prevent liver complications. 
This goal is seldom achieved through hepatitis B 
surface antigen (HBsAg) loss and seroconver-
sion, which are associated with sustained im-
munologic and virologic control of the virus. In 
hepatitis B e antigen (HBeAg)–positive chronic 
HBV infection, HBeAg loss and seroconversion 
are associated with a reduction in HBV DNA 
levels but they are not curative, and the emer-
gence of precore escape mutations may lead to 
active HBeAg-negative, chronic hepatitis with at-
tendant long-term complications.7 Maintenance 
of viral suppression with oral therapy is often 
the best that can be achieved. Viral suppression 
maintained by treatment with lamivudine has 
been shown to reduce the progression of the dis-
ease to decompensation and the development of 
hepatocellular carcinoma in patients with cir-
rhosis.8

Seven drugs are licensed for the treatment of 
chronic HBV infection: lamivudine,9 interferon 
alfa,10,11 adefovir dipivoxil,12 peginterferon alfa-
2a,13 entecavir,14 telbivudine,15 and tenofovir diso-
proxil fumarate (DF). Interferons are not recom-
mended for use in patients with decompensation 
or immunosuppression; they may have treatment-
limiting side effects, and they require parenteral 
administration. Oral nucleosides, although po-
tent, have been limited by the development of 
resistance mutations in the HBV polymerase–
reverse transcriptase.16,17

Tenofovir DF, the oral prodrug of tenofovir, is 
a nucleotide analogue that inhibits viral poly-
merases by direct binding, and after incorpora-
tion into DNA, by termination of the DNA chain 
due to the absence of a requisite 3′ hydroxyl on 
the tenofovir molecule.18

Tenofovir DF is currently approved in the 
United States and more than 50 other countries 
for the treatment of human immunodeficiency 
virus type 1 (HIV-1), and it was recently approved 

for the treatment of chronic HBV infection in the 
United States, Canada, Europe, Australia, and 
Turkey.

Tenofovir is a potent and selective inhibitor of 
HBV DNA polymerase–reverse transcriptase in 
vitro.19 It remains active against lamivudine-resis-
tant HBV,20-23 and it has known activity against 
HBV both in patients with HBV monoinfection24‑26 
and in patients with HIV-1 and HBV coinfection.27‑29 
Two phase 3 studies were designed to compare 
the safety and efficacy of tenofovir DF at a dose of 
300 mg with adefovir dipivoxil at a dose of 10 mg, 
administered once daily, in HBeAg-negative pa-
tients (Study 102) or HBeAg-positive patients 
(Study 103).

Me thods

Study Design

With the use of a central, interactive voice-response 
system (ClinPhone), we randomly assigned pa-
tients in a 2:1 ratio to receive tenofovir DF or 
adefovir dipivoxil. The treatment assignments 
were stratified according to serum alanine amino
transferase level (<4 times the upper limit of the 
normal range or ≥4 times the upper limit of the 
normal range) in Study 103 and according to previ-
ous treatment with lamivudine or emtricitabine 
(<12 weeks or ≥12 weeks) in Study 102. In both 
studies, treatment assignments were also strati-
fied according to geographic region (Europe, 
North America, or Australia and New Zealand). 
Within each stratum, treatment groups were bal-
anced by permuted blocks of size 6. Patients were 
enrolled at 106 clinical sites in 15 countries 
across North America (31 sites), Europe (60 sites), 
and the Asia-Pacific region (15 sites).

Patients were recruited from May 2005 through 
June 2006 and were treated with medication in a 
double-blind study for 48 weeks. Patients under-
went two liver biopsies: one pretreatment biopsy 
performed within 6 months before screening and 
the other biopsy performed between weeks 44 and 
48. Patients returned to the clinic every 4 weeks 
for laboratory assessments of serum chemical 
and hematologic values, liver function, and HBV 
DNA levels and for documentation of any adverse 
events. Hepatitis B serologic markers (HBeAg and 
HBsAg) were assessed every 12 weeks. Covance 
Laboratories and affiliates conducted the labora-
tory tests. Patients who completed 48 weeks of 
treatment and underwent the second liver biopsy 
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were given the option to begin treatment with 
open-label tenofovir DF for up to 7 more years. 
Blinding of the original treatment assignment 
was maintained. Patients who discontinued dou-
ble-blind treatment were followed after treatment 
for 24 weeks or until the initiation of an alterna-
tive hepatitis B therapy.

Resistance surveillance included genotypic 
analysis of the HBV polymerase in all patients at 
baseline, in patients with viremia who had an 
HBV DNA level of 400 copies per milliliter (69 IU 
per milliliter) or more at week 48 (or at the time 
that treatment was discontinued, in the case of 
patients who did not complete 48 weeks of treat-
ment), and in patients with virologic breakthrough 
(i.e., a confirmed HBV DNA level of ≥400 copies 
per milliliter after a documented level of less 
than 400 copies per milliliter or a confirmed log10 
increase of 1.0 or more from the nadir level). The 
population-based dideoxy sequencing assay used 
has a viral-load requirement of 400 copies per 
milliliter or more. Resistance surveillance testing 
was conducted by Gilead Sciences.

During double-blind treatment, an external 
independent data monitoring committee reviewed 
the safety results five times. The study was con-
ducted in accordance with international scientific 
and ethical standards, including but not limited 
to the International Conference on Harmoniza-
tion Guidelines for Good Clinical Practice and 
the Declaration of Helsinki. The study was ap-
proved by independent ethics committees or in-
stitutional review boards at the study sites. Written 
informed consent was obtained from all patients 
before any procedures were performed.

The studies were designed by Gilead Sciences 
in collaboration with their scientific advisors, and 
the primary end point was negotiated with the 
Food and Drug Administration. Clinical data were 
collected and monitored by ICON Clinical Re-
search (in North America, Western Europe, and 
the Asia-Pacific region) and Quintiles (in Eastern 
Europe). Data from case-report forms were en-
tered into the database by ICON Clinical Research 
(Dublin), and the data were unblinded for sta-
tistical analysis after the database was locked. 
Gilead Sciences performed all statistical analyses 
and wrote the manuscript in collaboration with 
the lead academic authors. The academic authors 
vouch for the veracity and completeness of the 
reported data and data analyses.

Study Population

The studies enrolled patients 18 to 69 years of 
age who had HBeAg-negative or HBeAg-positive 
chronic hepatitis B with compensated liver dis-
ease and pretreatment liver-biopsy specimens that 
showed a Knodell necroinflammatory score of  
3 or more (on a scale of 0 to 18, with higher scores 
indicating more severe chronic hepatitis). All pa-
tients had been HBsAg-positive for at least 6 months 
before screening. In Study 102, patients had ala-
nine aminotransferase levels that were more than 
1 time and less than 10 times the upper limit of 
the normal range and HBV DNA levels that were 
higher than 105 copies per milliliter. Patients ei-
ther had received less than 12 weeks of treatment 
with any nucleoside or nucleotide or had received 
lamivudine or emtricitabine for at least 12 weeks 
(the lamivudine-treatment subgroup). In Study 
103, patients had alanine aminotransferase levels 
that were more than 2 times and less than 10 
times the upper limit of the normal range and 
HBV DNA levels of more than 106 copies per milli
liter; these patients had received less than 12 
weeks of treatment with any nucleoside or nucleo
tide. Key exclusion criteria were coinfection with 
HIV-1 or hepatitis C or D virus, evidence of hepa-
tocellular carcinoma, a creatinine clearance of 
less than 70 ml per minute, a hemoglobin level 
of less than 8 g per deciliter, a neutrophil count 
of less than 1000 per cubic millimeter, and liver 
decompensation or failure.

End Points

The primary efficacy end point at week 48 was 
defined as the combination of an HBV DNA level 
of less than 400 copies per milliliter and histo-
logic improvement (i.e., a reduction of 2 or more 
points in the Knodell necroinflammatory score 
without an increase in fibrosis). HBV DNA was 
measured with the use of the Roche Cobas Taq-
Man polymerase-chain-reaction assay, which has 
a lower limit of quantitation of 169 copies per 
milliliter (29 IU per milliliter). Since the viral-
load requirement for the population-based dide-
oxy sequencing assay used for resistance surveil-
lance was 400 copies per milliliter, this was the 
threshold level for the primary end point. Paired 
liver-biopsy slides (i.e., a specimen from the first 
biopsy, performed before treatment, and a speci-
men from the second biopsy, performed during 
treatment) were evaluated by one independent 

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission. 



Tenofovir DF vs. Adefovir Dipivoxil for Chronic Hepatitis B

n engl j med 359;23  www.nejm.org  december 4, 2008 2445

central pathologist, who remained unaware of 
both the assigned treatment and the biopsy se-
quence; biopsy slides were scored according to 
the Knodell schema.30

Secondary end points included HBV DNA and 
alanine aminotransferase levels over time and the 
proportion of patients with HBV DNA levels of 
less than 400 copies per milliliter, normalized ala-
nine aminotransferase levels, histologic improve-
ment, HBeAg and HBsAg loss and seroconversion, 
and resistance mutations in HBV polymerase.

Safety Analysis

The safety analyses included all patients who re-
ceived at least one dose of a study drug and all 
events that occurred during double-blind treat-
ment. Adverse events, serious adverse events, labo-
ratory abnormalities, discontinuation of the study 
drug due to adverse events, and deaths were eval-
uated. In this protocol, alanine aminotransferase 
f lares, were considered to be serious adverse 
events. Flares were defined as an alanine amino
transferase level that was more than twice the 
baseline level and more than 10 times the upper 
limit of the normal range, with or without asso-
ciated symptoms, or a confirmed elevation in the 
alanine aminotransferase level with confirmed 
changes outside the normal range in other labo-
ratory values that were suggestive of worsening 
hepatic function (i.e., a total bilirubin level ≥2 mg 
per deciliter [34 μmol per liter] above the baseline 
value, a prothrombin time ≥2 seconds higher than 
the baseline value or an international normalized 
ratio ≥0.5 over baseline, or a serum albumin level 
≥1 g per deciliter below the baseline value).

Resistance Surveillance and Baseline 
Genotyping

Phylogenetic mapping of individual HBsAg nucleo
tide sequences was used to determine the viral 
genotype (A through H) at baseline. At week 48, 
changes in the HBV polymerase–reverse-tran-
scriptase region from baseline were identified in 
patients with either persistent viremia or viro-
logic breakthrough. Changes in the amino acid 
sequence of the HBV polymerase–reverse-tran-
scriptase domain were further evaluated to deter-
mine whether these substitutions occurred at poly-
morphic or conserved sites. All conserved site 
substitutions were phenotypically assessed with 
in vitro cell-culture assays to measure susceptibil-

ity to tenofovir. Polymorphic changes were also 
phenotyped if they occurred in more than one 
patient.

Statistical Analysis

The primary end point was a composite of HBV 
DNA suppression and histologic improvement. 
The population for analysis included all patients 
who were randomly assigned to treatment and 
who received at least one dose of study medica-
tion; no patient was excluded from the analysis 
because of a protocol deviation. In Study 102, we 
calculated that the planned sample size of 300 
patients (200 in the tenofovir DF group and 100 in 
the adefovir dipivoxil group) would provide at 
least 85% power to detect an absolute difference 
of 19% in the proportion of patients with a com-
plete response at week 48, on the basis of a two-
sided significance level of 0.05 and assuming a 
complete response rate of 28% in the adefovir 
dipivoxil group. In Study 103, we calculated that 
the planned sample size of 240 patients (160 in the 
tenofovir DF group and 80 in the adefovir dipivoxil 
group) would provide at least 85% power to detect 
an absolute difference of 13% in the proportion of 
patients with a complete response at week 48, on 
the basis of a two-sided significance level of 0.05 
and assuming an 18% response rate in the adefo-
vir dipivoxil group.

The difference between treatment groups was 
evaluated with the use of a two-sided 95% confi-
dence interval stratified according to the baseline 
level of alanine aminotransferase (in Study 102, 
a value that was less than or equal to twice the 
upper limit of the normal range vs. a value that 
was more than twice the upper limit; in Study 
103, a value that was less than or equal to four 
times the upper limit of the normal range vs. a 
value that was more than four times the upper 
limit). For the intention-to-treat analysis, patients 
who did not have paired liver-biopsy specimens 
that could be evaluated or who did not undergo 
HBV DNA assessment were considered not to 
have had treatment responses.

Finally, observed data (on-treatment analysis) 
for the HBV DNA and alanine aminotransferase 
levels over time as well as the proportion of pa-
tients with an HBV DNA level of less than 400 
copies per milliliter were analyzed.

To assess whether the treatment effect was 
consistent among the different patient subpopu-
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lations, we evaluated the primary end point and 
its components in 10 integrated subgroup analy-
ses based on prespecified definitions and per-
formed with data pooled from Study 102 and 
Study 103. Subgroups were defined according to 
age, sex, race or ethnic group, baseline HBV DNA 
level, baseline alanine aminotransferase level in 
relation to the upper limit of the normal range, 
normal baseline alanine aminotransferase level 
versus abnormal level, Knodell necroinflamma-
tory score at screening, Knodell fibrosis score at 
screening, baseline genotype, and receipt or non-
receipt of previous treatment with lamivudine or 
emtricitabine. In addition to the response within 
each subgroup, the heterogeneity of the response 
across subgroups was evaluated with the use of a 
logistic-regression model for each subgroup stud-
ied. Independent terms in the model included 
treatment, subgroup, and interaction between 
treatment and subgroup. If the interaction was 
not significant at the 0.01 level (after adjustment 
for multiple comparisons), then it was concluded 
that there was homogeneity of response across 
the categories of the subgroup. In addition, forest 
plots were constructed to compare treatment ef-
fects across the subgroups.

Demographic and baseline characteristics were 
compared with the use of a two-sided Mantel–
Haenszel test for categorical data and a Wilcoxon 
rank-sum test for continuous data, with a signifi-
cance level of 0.05. All reported P values are 
two-sided and have not been adjusted for multi-
ple testing. No interim analyses were performed 
other than summary tabulations of safety data 
for review by the independent data monitoring 
committee.

R esult s

Study Population

In Study 102, among the 846 patients with 
HBeAg-negative infection who were screened, 382 
patients underwent randomization and 375 pa-
tients received at least one dose of the assigned 
study drug (250 patients received tenofovir DF 
and 125 patients received adefovir dipivoxil). Most 
patients who did not meet the eligibility criteria 
had a low alanine aminotransferase level (31%), 
a low HBV DNA level (40%), or both, or they had 
exclusionary serologic findings — that is, coinfec-
tion, a positive test for HBeAg, or a negative test 
for antibodies against HBeAg (anti-HBe antibod-

ies) (14%). Six patients receiving tenofovir DF (2%) 
and four receiving adefovir dipivoxil (3%) with-
drew from the study before week 48. Five patients 
discontinued tenofovir DF because of adverse 
events, and one patient was lost to follow-up; no 
patients discontinued tenofovir DF before week 
48 because of lack of efficacy.

In Study 103, among the 603 patients with 
HBeAg-positive infection who were screened, 
272 patients underwent randomization and 266 
patients received at least one dose of the assigned 
study drug (176 patients received tenofovir DF 
and 90 received adefovir dipivoxil). Most patients 
who did not meet eligibility criteria had a low 
alanine aminotransferase level (54%), a low HBV 
DNA level (12%), or both or they had exclusion-
ary serologic findings (20%). Ten patients who 
received tenofovir DF (6%) and five patients who 
received adefovir dipivoxil (6%) discontinued treat-
ment before week 48; most withdrew consent or 
were lost to follow-up. No patients discontinued 
tenofovir DF because of adverse events or lack 
of efficacy. Diagrams showing screening, enroll-
ment, and treatment of patients in both studies 
are included in the Supplementary Appendix, 
available with the full text of this article at www.
nejm.org.

In both studies, the two treatment groups 
were well balanced with respect to baseline demo
graphic and clinical characteristics (Table 1). 
Overall, 20% of the patients had cirrhosis at base-
line. Patients enrolled in Study 102 were gener-
ally older than those in Study 103 (mean age, 44 
years vs. 34 years). HBV DNA levels were about 
2 log10 copies per milliliter lower in the patients 
in Study 102, who were HBeAg-negative, than in 
the patients in Study 103, who were HBeAg-posi-
tive; 18% of the HBeAg-negative patients had 
previously received lamivudine. A total of 347 of 
375 patients in Study 102 (93%) and 236 of 266 
patients (89%) in Study 103 completed 48 weeks 
of treatment and had paired biopsy specimens 
that could be evaluated and HBV DNA results.

Histologic and Virologic Response

In both studies, a significantly greater proportion 
of patients who received tenofovir DF than pa-
tients who received adefovir dipivoxil reached the 
primary end point of both an HBV DNA level of 
less than 400 copies per milliliter and histologic 
improvement (71% vs. 49% among HBeAg-nega-
tive patients and 67% vs. 12% among HBeAg-
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Table 1. Demographic and Baseline Characteristics of the Study Patients.*

Characteristic HBeAg-Positive Patients HBeAg-Negative Patients

Tenofovir DF 
(N = 176)

Adefovir Dipivoxil 
(N = 90)

Tenofovir DF 
(N = 250)

Adefovir Dipivoxil 
(N = 125)

Mean age — yr 34±11 34±12 44±10.6 43±10.0

Race — no. (%)†

White 92 (52) 46 (51) 161 (64) 81 (65)

Asian 64 (36) 32 (36) 63 (25) 30 (24)

Black 13 (7) 5 (6) 8 (3) 4 (3)

Other 7 (4) 7 (8) 18 (7) 10 (8)

Male sex — no. (%) 119 (68) 64 (71) 193 (77) 97 (78)

Geographic region — no. (%)

Europe 97 (55) 49 (54) 158 (63) 76 (61)

North America 47 (27) 24 (27) 53 (21) 29 (23)

Australia or New Zealand 32 (18) 17 (19) 39 (16) 20 (16)

Mean Knodell necroinflammatory score‡ 8.3±2.14 8.3±2.27 7.8±2.44 7.9±2.18

Knodell fibrosis score — no./total no. (%)

0 0/172 (0) 0/87 (0) 0/250 (0) 1/125 (1)

1 77/172 (45) 33/87 (38) 107/250 (43) 51/125 (41)

3 61/172 (35) 37/87 (43) 96/250 (38) 48/125 (38)

4 34/172 (20) 17/87 (20) 47/250 (19) 25/125 (20)

Missing data 4/176 (2) 3/90 (3) 0/250 (0) 0/125 (0)

Mean Knodell fibrosis score 2.3±1.23 2.4±1.19 2.3±1.21 2.4±1.23

Mean HBV DNA — log10 copies/ml 8.64±1.076 8.88±0.930 6.86±1.31 6.98±1.27

Alanine aminotransferase§

Mean — IU/ml 142±102.81 155±121.49 127.5±101.21 163.6±146.02

<2× ULN — no. (%) 39 (22) 16 (18) 95 (38) 38 (30)

2 to <5× ULN — no. (%) 105 (60) 55 (61) 117 (47) 54 (43)

≥5× ULN — no. (%) 32 (18) 19 (21) 38 (15) 33 (26)

Previous treatment with lamivudine or emtricitabine — no. (%)

No 168 (95) 89 (99) 207 (83) 102 (82)

Yes 8 (5) 1 (1) 43 (17) 23 (18)

Previous treatment with interferon — no. (%)

No 146 (83) 77 (86) 208 (83) 102 (82)

Yes 30 (17) 13 (14) 42 (17) 23 (18)

HBV genotype — no./total no. (%)

A 41/173 (24) 18/88 (20) 28/243 (12) 14/125 (11)

B 25/173 (14) 10/88 (11) 22/243 (9) 17/125 (14)

C 43/173 (25) 26/88 (30) 29/243 (12) 12/125 (10)

D 55/173 (32) 31/88 (35) 156/243 (64) 79/125 (63)

E, F, G, H 9/173 (5) 3/88 (3) 8/243 (3) 3/125 (2)

Other or unknown 3/176 (2)  2/90 (2) 7/250 (3) 0 

*	Plus–minus values are means ±SD. Percentages may not sum to 100 because of rounding. Only the mean alanine aminotransferase level at 
baseline in the HBeAg-positive patients differed significantly between the treatment groups (i.e., P<0.05). HBeAg denotes hepatitis B e anti-
gen, and HBV hepatitis B virus.

†	Race was self-reported.
‡	The Knodell necroinflammatory score ranges from 0 to 18, with higher scores indicating more severe chronic hepatitis. The Knodell fibrosis 

score ranges from 0 to 4, with a score of 4 indicating cirrhosis.
§	The upper limit of the normal range (ULN) for alanine aminotransferase was 34 IU per milliliter for women and 43 IU per milliliter for men.
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positive patients (Table 2). Histologic improve-
ment was similar between treatment groups; most 
patients had reduced necroinflammation, and few 
patients had worsening fibrosis.

Among the HBeAg-negative patients, 93% of 
all the patients who received tenofovir DF had a 
plasma HBV DNA level of less than 400 copies 
per milliliter by week 48 (intention-to-treat analy-
sis), and 97% of whose who were receiving teno-
fovir DF at week 48 had an HBV DNA level of less 
than 400 copies per milliliter (observed data) 
(Table 2). At week 24, a total of 85% of the pa-
tients who received tenofovir DF had HBV DNA 
suppression below this level (Fig. 1A). The change 
in the level of HBV DNA was characterized by a 
precipitous decrease by week 4. At week 12, the 
mean HBV DNA level was 3 log10 copies per milli
liter as compared with a baseline HBV DNA level 
of approximately 7 log10 copies per milliliter 
(Fig. 2A). Patients with lower baseline HBV DNA 
levels had undetectable levels of HBV DNA sooner 
than did patients with higher baseline levels 
(Fig. 3A and 3B).

Among HBeAg-positive patients, 76% of pa-
tients who received tenofovir DF had an HBV 
DNA level of less than 400 copies per milliliter 
at week 48, and 49% of patients who received 
tenofovir DF had an HBV DNA level of less than 
400 copies per milliliter at week 24. With the use 
of observed data, 83% of the patients receiving 
tenofovir DF treatment at week 48 had an HBV 
DNA level of less than 400 copies per milliliter 
(Fig. 1B and Table 2). HBV DNA suppression was 
characterized by a rapid 4.5-log reduction in the 
HBV DNA level by week 12, with complete viral 
suppression in increasing numbers of patients 
over time (Fig. 2B).

An evaluation of the treatment response in 
subgroups defined by baseline characteristics 
showed no significant interactions at the 0.01 
alpha level. Among patients treated with tenofo-
vir DF, 90% of patients who had received lami-
vudine versus 88% of those who had not received 
lamivudine had HBV DNA suppression to less 
than 400 copies per milliliter (see the forest plots 
in the Supplementary Appendix).

Biochemical and Serologic Response

At baseline, 94% of patients in Study 102 and 
97% of patients in Study 103 had elevated alanine 
aminotransferase levels (>34 IU per milliliter in 
women and >43 IU per milliliter in men). In Study 

102 (HBeAg-negative patients), similar propor-
tions of patients in the two treatment groups had 
normalized alanine aminotransferase levels at 
week 48, whereas in Study 103 (HBeAg-positive 
patients), a significantly greater proportion of pa-
tients in the tenofovir DF group had normalized 
alanine aminotransferase levels (68% vs. 54%, 
P = 0.03). Overall, at week 48, patients who received 
tenofovir DF had a mean alanine aminotransferase 
level of approximately 35 IU per milliliter (Table 2). 
In Study 103, similar proportions of patients in 
the tenofovir DF group and the adefovir dipivoxil 
group had HBeAg seroconversion (21% and 18%, 
respectively, P = 0.36), and significantly more pa-
tients in the tenofovir DF group had HBsAg loss 
(3% vs. 0%, P = 0.02) (Table 2). Two patients with 
HBsAg loss also had seroconversion to antibod-
ies against hepatitis B surface antigen (anti-HBs 
antibodies). All five patients who lost HBsAg were 
white (three men and two women), and they 
ranged in age from 24 to 44 years; two patients 
were infected with HBV genotype A, and three 
patients infected with HBV genotype D. Four of 
the five patients had bridging fibrosis or cirrhosis 
at study entry. None of the patients who were 
HBeAg-seronegative at baseline (i.e., all the pa-
tients in Study 102) had HBsAg loss or serocon-
version.

Resistance Surveillance

No genotypic substitutions in polymerase–reverse 
transcriptase associated with decreased sensitiv-
ity to tenofovir were detected among patients who 
received tenofovir DF and were evaluated at week 
48 in either Study 102 or 103. Among the 426 pa-
tients receiving tenofovir DF, 39 patients (8 pa-
tients in Study 102 and 31 patients in Study 103) 
had viremia (an HBV DNA level ≥400 copies per 
milliliter); 10 had virologic breakthrough and 29 
did not. Fifteen patients had polymorphic site 
changes, 2 had conserved site changes, 11 had no 
change, and 10 could not be genotyped. One ad-
ditional patient, who discontinued treatment early, 
had virus with polymorphic site changes. The two 
conserved site changes occurred without viro-
logic breakthrough; phenotypic evaluation showed 
either full susceptibility to tenofovir DF or a non-
viable, nonreplicative virus in cell culture. Of the 
10 patients with virologic breakthrough, 7 had no 
changes, and 3 had polymorphic changes but not 
the same changes. Successful phenotyping in 6 of 
these 10 patients showed full phenotypic suscep-
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tibility to tenofovir in vitro. Phenotypic analysis 
for the remaining four patients could not to be 
performed because of a low viral load that did 
not allow for amplification and cloning of the 
full-length HBV genome. A documented history 
of nonadherence to treatment, serum tenofovir 
DF levels below the level of quantitation (10 ng per 
milliliter), or both — findings that suggested 

nonadherence — may have contributed to viro-
logic breakthrough in at least two thirds of these 
patients.

Among the 215 patients who were randomly 
assigned to receive adefovir dipivoxil, the rtN236T 
mutation developed in 1 patient, and the rtA181T 
mutation developed in 3 patients. Clonal analy-
sis of the patients’ baseline HBV revealed the 
presence of quasi-species with the rtA181T muta-
tion (0.2 to 11.3%) and the rtM204I mutation (1.2 
to 16.1%), indicating previous exposure to lami-
vudine or infection with a lamivudine-resistant 
virus. These results are consistent with previous 
studies that showed a higher rate of adefovir-
dipivoxil resistance in patients with lamivudine-
resistant virus.31,32

Safety

The safety profiles observed in both studies were 
consistent with the known safety profiles for 
tenofovir DF in patients with HIV infection and 
for the safety profiles for adefovir dipivoxil in 
patients with HBV infection.33,34 Nausea was the 
only adverse event that consistently occurred more 
frequently in the group of patients who received 
tenofovir DF than in the group of patients who 
received adefovir dipivoxil. Among the cases of 
nausea that were considered to be related to teno-
fovir DF, nausea was mild except for one case of 
grade 2 (moderate) nausea (Table 3).

In both studies, similar proportions of pa-
tients in the two treatment groups had a serious 
adverse event, and few events were considered to 
be related to the study drug (Table 3). Overall, the 
only serious clinical adverse event reported in 
more than one patient was hepatocellular carci-
noma (in three patients in Study 102), which is 
a known complication of chronic HBV infection. 
No deaths were reported during either study. The 
following five adverse events led to discontinua-
tion of tenofovir DF in Study 102 and occurred 
in one patient each: anorexia, bladder neoplasm, 
fatigue, cervical carcinoma, and feeling hot. No 
patient in Study 103 discontinued tenofovir DF 
because of an adverse event.

The frequency of alanine aminotransferase 
f lares during treatment was similar in the two 
groups (Table 3). Nearly all alanine aminotrans-
ferase flares occurred within the first 8 weeks 
after the start of treatment with tenofovir DF, 
were limited to increases in aminotransferase 
levels that were greater than 10 times the upper 
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Figure 1. Suppression of HBV DNA Levels during the 48-Week Study Period.

Viral suppression was defined as an HBV DNA level of less than 400 copies 
per milliliter. Panel A shows the proportion of HBeAg-negative patients 
with viral suppression (Study 102), and Panel B shows the proportion of 
HBeAg-positive patients with viral suppression (Study 103). The difference, 
standard error of the difference, and confidence intervals were stratum-
adjusted. P values correspond to a z-test of the null hypothesis that the 
stratum-adjusted difference is zero. I bars denote 95% confidence intervals.
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limit of the normal range and twice the baseline 
level, with continued and profound decreases 
in the HBV DNA level, and resolved within 4 to 
8 weeks without interruption or discontinuation 
of treatment. Grade 4 alanine aminotransferase 
flares were associated with HBeAg loss or sero-
conversion in 63% of patients, one of whom 
eventually had seroconversion to anti-HBs anti-
bodies.

There was no evidence of compromised renal 
function or renal tubular dysfunction in any pa-
tient who received tenofovir DF (Table 3). None 
of the patients who received tenofovir DF had a 
confirmed increase from baseline in the serum 
creatinine level of 0.5 mg per deciliter (44.2 μmol 
per liter) or more or a confirmed calculated 
creatinine clearance of less than 50 milliliters 
per minute (Table 3). In Study 103, there was a 
confirmed increase in the serum creatinine level 
of 0.5 mg per deciliter above baseline in one 
patient who received adefovir dipivoxil.

Discussion

In patients with compensated chronic HBV infec-
tion, tenofovir DF was superior to adefovir dipiv-
oxil with respect to the primary end point of 
antiviral efficacy. Viral suppression occurred in 
approximately 80% of HBeAg-positive patients and 
95% of HBeAg-negative patients who received 
tenofovir DF, and almost three fourths of the pa-
tients had histologic improvement. In both stud-
ies, histologic improvement was similar in the two 
treatment groups at 48 weeks. Multiple reports 
have shown that maintenance of viral suppression 
is a key determinant of therapeutic outcomes for 
patients with chronic HBV infection8,35-37; these 
reports include a review of 26 prospective clinical 
trials showing that a sustained HBV DNA response 
was correlated with serologic, histologic, or bio-
chemical responses.38

HBsAg loss or seroconversion heralds durable 
immune control of the virus. In the phase 3 study 
involving HBeAg-positive patients, the proportion 
of patients with loss of HBsAg during the 48-
week treatment period was significantly higher 
in the tenofovir DF group than in the adefovir 
dipivoxil group. In the absence of HBsAg loss, 
long-term treatment with oral therapies is often 
required to maintain viral suppression. Conse-
quently, well-tolerated, potent therapies that offer 
a strong genetic barrier against the development 

of resistance are desirable, since antiviral resis-
tance and poor adherence are key risk factors for 
treatment failure and subsequent reversal of clini-
cal improvement.39-43 The high proportion of pa-
tients who received tenofovir DF and had viral 
suppression portends a potential long-term ad-
vantage in preventing the emergence of resistance 
and attendant loss of response. No genotypic 
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Figure 2. Mean Plasma HBV DNA Levels.

The mean HBV DNA levels (log10 copies per milliliter) were plotted over 
time. Panel A shows that the mean HBV DNA level at week 48 was 2.31 
(0.466) for tenofovir DF and 2.91 (1.201) for adefovir dipivoxil in HBeAg-
negative patients (Study 102). Panel B shows that the mean HBV DNA at 
week 48 was 2.46 (0.575) for tenofovir DF and 4.95 (1.851) for adefovir dipiv-
oxil in HBeAg-positive patients (Study 103). The difference, standard error 
of the difference, and confidence intervals are stratum-adjusted. P values 
correspond to a z-test of the null hypothesis that the stratum-adjusted dif-
ference is zero. I bars indicate 95% confidence intervals.
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