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Abstract: Chronic hepatitis B virus (HBV) infection is a major cause of liver-related morbidity and mortality worldwide and is endemic 
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Introduction
Hepatitis B virus (HBV) is an enveloped DNA virus 
of the Hepadnaviridae family, and is a leading cause 
of liver-related morbidity and mortality worldwide. 
In contrast to low-prevalence areas—such as Western 
countries—in which HBV infection typically occurs 
in immunocompetent adolescents or adults and 
results in acute infection with subsequent clearance 
of infection, perinatal and horizontal (childhood) 
transmission is frequent in countries where HBV is 
endemic. In these regions, such as Asia and Africa, 
over 90% of those infected develop chronic infection. 
In the US, routine screening for hepatitis B surface 
antigen (HBsAg) is recommended for newly-arrived 
immigrants from countries where HBV seroprevalence 
is greater than 2%, as well as for men who have sex 
with men and injection drug users.1 Over 300 million 
people worldwide are affected by chronic HBV. An 
estimated 600,000 deaths annually are attributed to 
HBV-related disease.2,3 Chronic HBV infection is 
associated with increased risk of hepatocellular car-
cinoma (HCC), cirrhosis, end-stage liver disease 
(ESLD), and death. Chronic HBV-infected persons 
with persistent hepatitis B e antigen (HBeAg) have 
an estimated incidence of cirrhosis of 3.5% per year.4 
In those with cirrhosis, HCC develops at an incidence 
of 3%–6% per year.5

The primary treatment aim for chronic HBV is 
permanent viral suppression. Predictors of cirrhosis 
or HCC in persons chronically infected with HBV 
include persistently elevated HBV DNA and alanine 
aminotransferase (ALT) levels, genotype C HBV 
strain, presence of HBeAg, male sex, older age at 
infection, and co-infection with HIV, HCV or hepatitis 
D virus.6 Though all of these factors may impact 
outcome of HBV-related disease, high serum HBV 
DNA and/or seropositivity for HBeAg are among the 
most significant risk factors for cirrhosis and HCC 
development.7,8

Thus, antivirals that suppress HBV DNA and lead 
to seroconversion (loss of HBeAg and development 
of anti-HBe antibody) may decrease the risk of 
hepatocellular carcinoma (HCC) and advanced liver 
disease.9 In addition to interferon, various oral nucle-
oside and nucleotide analogs, known as nucleo(s)
tide reverse transcriptase inhibitors (NRTIs), studied 
in recent years have been shown to suppress HBV 
viremia. Entecavir, approved in the U.S. in 2005, has 

emerged as one of the first-line agents in the treatment 
of chronic HBV due to its favorable tolerability pro-
file, high potency against HBV, and high genetic bar-
rier to resistance.

Natural History and Treatment 
Indications
Phases of HBV infection due to viral-host interactions 
are relevant when considering treatment. The early, 
immune tolerant phase is often seen in young 
individuals infected perinatally or horizontally, and is 
characterized by hepatitis B surface antigen (HBsAg) 
positivity, HBeAg positivity and high levels of 
serum HBV DNA (.2 × 106 to 2 × 107 IU/ml where 
1 IU/ml = 5 copies/ml), little immune response 
against the virus with normal or mildly elevated 
aminotransferases, and mild or no liver inflammation 
on histology. These persons have minimal disease 
progression at five year follow up, low rate of HBeAg 
loss, and can be clinically monitored without antiviral 
treatment unless there is evidence of progressive liver 
disease.10 After perinatal infection, this phase may last 
for decades, during which there is a very low rate of 
spontaneous HBeAg seroconversion. The cumulative 
rate of spontaneous HBeAg clearance is estimated at 
2% for the first 3 years of life and only 15% after two 
decades in perinatally-acquired infection.11 Among 
immunocompetent adults, this phase is typically 
present only during the incubation period. During the 
second phase (immune active) one sees increased or 
fluctuating levels of aminotransferases precipitated 
by the immune response, moderate to severe liver 
inflammation on histology and associated decreasing 
HBV DNA. This phase may occur after several years 
of immune tolerance and is seen more frequently in 
subjects infected during adulthood. Ideally, the host 
immune response to HBV leads to a third phase, in 
which HBeAg seroconversion occurs, often with 
coinciding reduction in HBV DNA replication.

In patients who are in the inactive HBV carrier 
phase (low or undetectable serum HBV DNA levels 
and normal ALT with HBsAg and anti-HBe), antiviral 
treatment is not indicated. The estimated annual 
incidence of spontaneous HBeAg seroconversion 
is 2%–15% depending on factors such as age, ALT 
levels, and HBV genotype.12 In perinatally-acquired 
infection, this period usually occurs in the second to 
third decade of life, when annual seroconversion rates 
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may approach 10%–20%. Similar rates are observed 
in adults who develop chronic infection.13,14

However, some patients can enter into an 
HBeAg-negative chronic hepatitis B infection phase 
during the course of disease, caused by nucleotide 
substitutions in the precore and/or basal core-promoter 
regions of the HBV genome. Though HBV strains in 
these patients may not express detectable levels of 
HBeAg, this phase of disease is often associated with 
progressive liver disease, fluctuating ALT activity, 
and elevated—though lower than in HBeAg-positive 
disease—serum HBV DNA levels.15 Patients in this 
phase may present clinically as a new diagnosis of 
chronic hepatitis B or as HBV reactivation. The 
prevalence of the HBeAg-negative chronic hepatitis 
B has been increasingly recognized, and is related 
to duration of infection, as suggested by the older 
age at presentation; thus, it appears more prevalent 
in geographic areas where perinatal/horizontal 
transmission predominates.16

Treatment is recommended for HBeAg-posi-
tive and HBeAg-negative chronic hepatitis B if 
HBV DNA is .2,000 IU/mL and/or the serum 
ALT is above the upper limit of normal (ULN) 
and liver biopsy shows necroinflammation and/or 
fibrosis (i.e. at least grade 2 or stage 2 by META-
VIR scoring or Ishak/Knodell score of at least 3). 
Patients with HBV DNA levels .20,000 IU/mL and 
elevated ALT levels above the ULN should be treated, 
regardless of whether a liver biopsy is performed.17 In 
newly-diagnosed HBeAg-positive patients with com-
pensated liver disease, however, antiviral treatment 
should be delayed 3–6 months to determine whether 
spontaneous HBeAg seroconversion will occur. 
Patients with compensated cirrhosis and detectable 
HBV DNA should be considered for treatment 
regardless of ALT and DNA levels. Patients with 
decompensated cirrhosis, rapid deterioration of liver 
function, cirrhosis or advanced fibrosis and detectable 
serum HBV DNA, or reactivation of chronic HBV after 
chemotherapy or immunosuppression need urgent 
antiviral treatment.3,17,18 In addition, pre-emptive or 
prophylactic HBV therapy should be considered in 
individuals at high risk of hepatitis B reactivation, 
particularly HBsAg-positive carriers, prior to initia-
tion of chemotherapy or immunosuppressive drugs.

The goal of antiviral treatment for HBV is to 
prevent progression to cirrhosis, ESLD, and HCC. 

This is achieved through sustained viral suppression 
to below the lower limits of detection of current 
real-time PCR assays (10 IU/ml) and loss of HBeAg. 
Sustained viral suppression also reduces the risk of 
resistance to nucleos(t)ide analogs. Currently, HBV 
infection cannot be completely eradicated with anti-
viral therapy due to the persistence of a reservoir of 
viral covalently closed circular DNA (cccDNA) in 
the nucleus of infected hepatocytes.19,20,21 In patients 
treated with antivirals, HBV DNA should be checked 
every 12 weeks. Nucleos(t)ide therapy can be 
stopped 24 to 48 weeks after HBeAg seroconversion 
with undetectable HBV DNA documented on two 
separate occasions at least 6 months apart. Treatment 
duration is less clear in HBeAg negative patients, but 
consideration should be given to stopping antivirals 
in patients with undetectable HBV DNA on 3 separate 
occasions at least 6 months apart.3

Entecavir: Mechanisms of Action, 
Metabolism and Pharmacokinetic 
Profile
Mechanism of action
Entecavir has been approved in the U.S., European 
Union, and many other countries for the treatment of 
chronic HBV in adults with active HBV replication 
and evidence of active liver disease, as demonstrated 
either by elevated transaminases (AST or ALT) or 
liver tissue histology.

Entecavir (ETV, formerly called BMS 200475 
and SQ 45676) is a cyclopentyl deoxyguanosine 
(nucleoside) analogue with the chemical name 
2-amino-1,9-dihydro-9-[(1S,3R,4S)-4-hydroxy-
3-(hydroxymethyl)-2-methylenecyclopentyl]-
6H-purin-6-one (Fig. 1).22 Initially developed as a 
potential antiherpetic drug, entecavir was found to be 
a potent and specific inhibitor of HBV replication with 
minimal activity against other DNA and RNA viruses, 
such as herpes simplex virus, HIV, and influenza.23 
Like other nucleos(t)ide analogues, the monohydrate 
form of entecavir is phosphorylated intracellularly 
to its active triphosphate moiety (ETV-TP). ETV-TP 
competitively inhibits HBV polymerase by competing 
with its natural substrate, deoxyguanosine triphos-
phate.23,24 This selective inhibition of HBV polymerase 
effectively blocks HBV replication at multiple steps of 
synthesis: protein-linked priming, RNA-directed first-
strand synthesis or reverse transcription, and second 
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strand DNA-dependent DNA synthesis.25,26 ETV-TP 
is only a weak inhibitor of cellular DNA polymerases 
α, β, and δ and mitochondrial DNA polymerase 
γ (Ki values ranging from 18 to .160 µM).22

Clinical pharmacology
Early enzymatic and cell culture studies in vitro 
demonstrated entecavir had greater antiviral potency 
than other NRTIs against wild-type HBV and showed 
efficacy against lamivudine(LAM)-resistant HBV 
strains, albeit at higher concentrations.23,27,28 In 
wild-type HBV-transfected HepG2 2.2.15 cells, the 
effective concentration of the drug required to reduce 
HBV replication by 50% (EC50) was significantly 
lower for entecavir (0.00375 µM) than for lamivudine 
(0.116 µM) or other nucleoside analogs evaluated 
(range 128 nM to .100 µM).23 In contrast, entecavir 
demonstrates much lower potency against HIV-1 virus, 
with EC50 ranging from 0.026 to .10 µM.29 However, 
this antiviral efficacy is enhanced with reduced viral 
inoculum and incubation, and both in vivo and in vitro 
studies have demonstrated that entecavir may have 
some partial antiviral activity on HIV-1 and exert 
inhibitory pressure, with selection of the HIV reverse 
transcriptase M184V mutation particularly at high 
entecavir concentrations.29–31

Pharmacokinetics
Entecavir reaches peak plasma concentrations in 
healthy subjects in 0.5 to 1.5 hours following oral 
administration. Steady state is reached after 6–10 days 
of once-daily administration and both Cmax and AUC 
(area under the plasma concentration versus time 
curve) are linearly related to dose. The Cmax occurring 
after the standard 0.5-mg and 1-mg oral doses are 
4.2 ng/mL and 8.2 ng/mL, respectively.22

The current recommended dosage of entecavir is 
0.5 mg once daily for nucleoside-naive patients and 
1.0 mg once daily for patients (age $ 16 years) with 
a history of LAM-refractory viremia or lamivudine or 
telbivudine resistance mutations. The drug is available 
in both tablet and solution, which have equivalent 
bioavailability; bioavailability of entecavir is esti-
mated to be at least 70%, based on urinary excretion.32 
Administration on an empty stomach is recommended, 
at least 2 hours after a meal and 2 hours before the 
next meal, as high-fat or light meals have been shown 
to delay absorption and lead to lower observed Cmax, 
by 44%–46%, and AUC, by 18%–20%.22 Entecavir is 
approximately 13% protein-bound in human serum, 
and has large estimated volume of distribution.22,32 
Entecavir is metabolized in the liver and is not a 
substrate for, nor inhibitor/inducer of, the cyto-
chrome P450 system. Clearance is primarily renal, by 
glomerular filtration and tubular secretion, and ranges 
from 360–471 mL/min regardless of dose.33 Terminal 
half-life is 128–149 hours; as the drug has a 2-fold 
accumulation over the steady-state period following 
recommended dosages, the effective accumulation 
half-life is approximately 24 hours.33

While no significant gender or race differences in 
entecavir pharmacokinetics have been observed, all 
nucleos(t)ides are cleared renally and doses need to be 
adjusted for decreased creatinine clearance. Studies 
in healthy subjects demonstrated a 29.3% greater 
entecavir AUC in elderly ($65 years), compared 
to young (18–40 years), subjects following a 1-mg 
dose.22,32 An increase in AUC and Cmax and decrease 
in clearance was also noted in non-HBV-infected 
subjects with varying degrees of renal impairment 
after a single 1-mg dose.20 Only 13% of entecavir was 
removed over 4 hours with hemodialysis in subjects 
with end-stage renal disease.20 Thus, dose adjustments 
are recommended in patients with creatinine clearance 
,50 mL/min, including those on hemodialysis or peri-
toneal dialysis. Dose-adjusted entecavir may be a better 
treatment option than adefovir or tenofovir in patients 
with renal insufficiency as entecavir has not been 
reported to cause renal insufficiency. While further 
studies are being done on the safety and efficacy of 
entecavir in subjects with moderate-to-severe hepatic 
impairment and liver transplant patients, there do not 
appear to be altered pharmacokinetics, independent 
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Figure 1. entecavir structure.
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of renal function, and no dose adjustment for hepatic 
impairment is currently recommended.22

Clinical Studies and Experience
Preclinical and phase 1 and 2 trials
Preclinical studies of entecavir demonstrated an 
.100-fold increase in potency over other NRTIs in 
HBV cell culture, per EC50 results.26 Hepadnavirus 
animal models demonstrated significant reductions 
in the woodchuck hepatitis virus DNA in serum of 
chronically-infected woodchucks given 0.2–0.5 mg/kg 
per day of oral entecavir.34 Similarly, entecavir led to 
potent suppression of duck HBV in infected duck 
hepatocytes (EC50 = 0.13 nM, more than 1000-fold 
more potent than lamivudine, EC50 = 138 nM).35 
Sustained antiviral activity of entecavir, significant 
reduction of cccDNA levels and viral antigen levels, 
and improved survival was also demonstrated 
in woodchucks receiving long-term (.2 years) 
entecavir.36

A phase 2 randomized, double-blind multicenter 
clinical trial in 169 HBeAg-positive and negative 
patients compared the safety and efficacy of entecavir 
(0.01 mg/day, 0.1 mg/day, and 0.5 mg/day orally) to 
lamivudine 100 mg/day; patients were not allowed to 
have more than 12 weeks of prior lamivudine, and no 
HBV therapy within the 24 weeks prior to enrollment. 
Entecavir was found to be superior to lamivudine in 
reducing HBV DNA, with a dose-response relationship: 
after 24 weeks of therapy, 83.7% of patients treated 
with entecavir 0.5 mg had an HBV DNA level below 
the lower limit of detection (LLOD) compared to 
57.5% treated with lamivudine, P = 0.008). Entecavir 
was well-tolerated with adverse events occurring at 
equivalent rates in both study arms.37 A similarly-
designed phase II study evaluated switching LAM-
refractory (defined as continued viremia despite 
lamivudine treatment for .24 weeks or documented 
genotypic lamivudine resistance) patients to entecavir 
(0.1 mg/day, 0.5 mg/day, or 1.0 mg/day) versus con-
tinued lamivudine;38 the 1.0 mg dose was based on in 
vitro studies demonstrating higher median EC50 were 
required in the presence of lamivudine resistance 
mutations at rtM204 and rtL180, compared to wild-
type HBV strains (0.026 µM, versus 0.004 µM).39 
Patients treated with all doses of entecavir had signif-
icantly greater reductions in HBV DNA compared to 

lamivudine (2.85–5.06 log10 copies/mL mean reduc-
tion vs. 1.37 log10 copies/mL), and more patients nor-
malized ALT (47%–68% vs. 47%).38 All doses were 
well-tolerated and a dose-response relationship was 
noted, suggesting an optimal dose of 1.0 mg/day in 
LAM-refractory patients.

Phase 3 clinical trials
Entecavir was approved for the treatment of chronic 
hepatitis B infection in adults based on the results 
of three large prospective, multicenter, randomized 
double-blind phase 3 trials comparing entecavir to 
lamivudine, designed by the manufacturer and the 
Benefits of Entecavir for Hepatitis B Liver Disease 
(BEHoLD) Study Group. These studies were com-
prised of 1633 nucleoside-naïve and LAM-refractory 
patients (age $16 years) with chronic HBV infection 
based on HBsAg, chronic hepatitis on liver biopsy, 
HBV DNA level, and elevated ALT, with compensated 
liver function. Two of these phase 3 trials were con-
ducted in HBeAg-positive (ETV-022)40 and HBeAg-
negative (ETV-027)41 nucleoside-naïve patients, and 
the third in LAM-refractory HBeAg-positive patients 
(ETV-026).42 Studies in nucleoside-naïve patients lim-
ited prior lamivudine use to a maximum of 12 weeks 
total, and patients could not have received any antiviral 
therapy within the preceding 24 weeks. The primary 
efficacy end point at 48 weeks was the proportion of 
patients with histologic improvement (decrease by 
at least 2 points in Knodell fibrosis score) compared 
to baseline; secondary endpoints were reduction in 
HBV DNA from baseline, proportion of patients with 
undetectable HBV DNA (lower limit of quantifica-
tion 300 copies/mL), decrease in Ishak fibrosis score, 
HBeAg loss and HBeAg seroconversion (in HBeAg-
positive patients only), and normalization of ALT. In 
addition to these, a fourth study evaluated entecavir in 
comparison to lamivudine in a large, mixed (HBeAg 
positive and negative) nucleoside-naïve population in 
China (ETV-023).43 Primary endpoints and results of 
these trials are summarized in Table 1.

Nucleoside-naïve HBeAg-positive  
or HBeAg-negative patients
Both phase 3 studies in nucleoside-naïve subjects 
demonstrated superiority of entecavir over lami-
vudine with regards to the occurrence of histologic 
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improvement at week 48, as well as secondary 
endpoints of reduction in HBV viremia and ALT 
normalization. In both studies, patients were a mean 
age of 35–44 years, primarily male, predominantly 
Asian (39%–57%) and Caucasian (40%–58%), with 
mean baseline Knodell necroinflammatory scores of 
7.8;13% of patients in both groups had previously 
received interferon.40,41

Chang et al (ETV-022)40 evaluated 709 HBeAg-
positive nucleoside-naïve patients randomized 
to entecavir 0.5 mg daily or lamivudine 100 mg 
daily for 52 weeks. Significantly more patients on 
entecavir achieved the primary endpoint of histo-
logic improvement (72% vs. 62% on lamivudine, 
P = 0.009). More patients on entecavir had normal-
ization of serum ALT compared to lamivudine (68% 
vs. 60%, P = 0.02). Significantly more patients on 
entecavir reached all virologic end points as well, 
with more patients achieving undetectable HBV DNA 
(67% vs. 36%) and greater mean reductions in HBV 
DNA (6.9 vs. 5.4 log10 copies/mL). In both groups, 
approximately one-fifth of patients had a loss in 
HBeAg with or without seroconversion, and #2% had 
loss of HBsAg. Follow-up analysis at 96 weeks and 
5 years demonstrated continued benefits of entecavir 
treatment in this nucleoside-naïve HBeAg-positive 
group at 96 weeks, with 74% of entecavir-treated 
patients (vs. 37% of lamivudine-treated) achieving 
undetectable HBV DNA levels.44,45 Cumulatively, 
there was a trend towards greater rates of HBeAg 
seroconversion in entecavir patients (31% of patients 
vs. 25% of patients on lamivudine).44 Patients who 
were continued on 1.0 mg entecavir daily in a roll-
over study thereafter were found to have superior 
outcomes at year 5 compared with lamivudine, with 
94% (88/94) achieving undetectable HBV DNA 
(,300 copies/mL), 80% with normal ALT levels, and 
23% (33/141) of additional patients achieving HBeAg 
seroconversion on-treatment.45

Lai et al (ETV-027)41 followed a study protocol 
similar to that followed in ETV-022, but in 683 
patients with HBeAg-negative chronic HBV. Com-
pared to lamivudine, significantly more patients on 
entecavir achieved histologic improvement (70% vs. 
61%, P = 0.01) and normalization of ALT (78% vs. 
71%, P = 0.045). Similar to the findings of Chang 
et al the proportion of patients with undetectable 
HBV DNA levels at 48 weeks (90%) and the mean 

reduction in serum HBV DNA (5.0 log10 copies/mL) 
were significantly greater in the entecavir group com-
pared to lamivudine group (72% and 4.5 log10 copies/
mL, respectively).41

Another similarly-designed study (ETV-023) 
reported data from a mixed HBeAg-positive 
and HBeAg-negative population, and also found 
significantly greater percentages of patients achieved 
their primary endpoint (reduction in branched-chain 
HBV DNA to ,0.7 MEq/ml with ALT normalization) 
as well as reached an undetectable HBV DNA with 
entecavir compared to lamivudine.43 Histologic data 
is not available for this study.

Lamivudine-refractory patients
The third large, multi-center, randomized, double-
blind phase 3 study evaluating the efficacy of entecavir 
versus lamivudine was conducted in HBeAg-positive 
patients refractory to lamivudine (ETV-026).42 
This was defined as persistently detectable HBV 
bDNA after $36 weeks of lamivudine, repeated 
recurrence of detectable bDNA after a prior 
undetectable bDNA on lamivudine, evidence of 
HBV replication after discontinuation of lamivudine, 
and/or viremia with documented substitution of the 
methionine in the tyrosine-methionine-aspartate-
aspartate (YMDD) nucleotide binding site of HBV 
DNA polymerase (codon 204). This study enrolled 
286 patients to continue lamivudine or switch to/
begin entecavir 1.0 mg for $52 weeks. Entecavir was 
associated with improved histology in 55% of patients 
(vs. 28% with lamivudine, P , 0.0001) and with unde-
tectable HBV DNA in 19% of patients (vs. 1% with 
lamivudine, P ,0.0001), as well as superiority over 
lamivudine in improvement of fibrosis scores (34% 
vs. 6%) and percentage of patients achieving ALT 
normalization (61% vs. 15%). Subsequent analysis 
of patients at 96 weeks of treatment demonstrated 
continued improvements in proportions of patients 
achieving undetectable HBV DNA (to 40%) and in 
ALT normalization. There was a minimal increase in 
patients achieving HBeAg seroconversion between 
the end of years one and two (8% to 10%).46

Hiv/HBv co-infected patients
Entecavir has anti-HIV activity, particularly at higher 
concentrations, and should not be used as monotherapy 
in patients with HBV-HIV coinfection who need 
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HBV treatment.47 One small prospective study of HIV 
co-infected patients has been published, evaluating 
the addition of entecavir 1.0 mg daily in addition 
to patients’ continued lamivudine-containing highly 
active antiretroviral therapy (HAART) in patients 
who experienced HBV breakthrough viremia.48 The 
study was randomized, placebo-controlled and dou-
ble-blind for 24 weeks then open-label; patients on 
tenofovir and those with lamivudine resistance muta-
tions were not included, and all patients had virologic 
suppression of HIV. Of the 68 patients, the mean 
reduction in HBV DNA was significantly greater 
for entecavir than placebo (-3.65 log10 copies/mL 
vs. +0.11 log10 copies/mL), and significantly more 
patients on entecavir normalized ALT (34% vs. 8%). 
No severe adverse events were felt to be associated 
with entecavir, and suppression of HIV viremia was 
not affected through week 48.48 However, at the time 
of this study, tenofovir had not yet been approved 
in treating chronic hepatitis B. Due to concerns for 
emergence of resistance, current recommendations 
are that HIV-HBV co-infected patients should almost 
always be treated simultaneously for both viruses; 
tenofovir—not entecavir—in combination with either 
lamivudine or emtricitabine is recommended as first-
line HBV therapy in this clinical setting. If tenofovir 
cannot be used, another agent with anti-HBV activ-
ity may be used with lamivudine or emtricitabine for 
HBV treatment, in conjunction with a maximally-
suppressive antiretroviral HIV treatment regimen. If 
antiretroviral therapy for HIV is not initiated, HBV 
therapy should consist only of agents with the least 
potential of selecting for HIV resistance mutations, 
such as pegylated interferon or telbivudine.17,18,49

Decompensated cirrhosis and liver transplant
Although entecavir is not currently approved for use 
in patients with decompensated cirrhosis, a recent 
nonrandomized prospective study demonstrated 
promising preliminary data on this population. 
Fifty-five patients with HBV-related decompensated 
cirrhosis and 144 patients with chronic hepatitis B 
or compensated cirrhosis, all of whom were naive to 
prior nucleos(t)ide analog treatment or other antiviral 
HBV therapy, were treated with at least 12 months 
of entecavir 0.5 mg daily monotherapy.50 Biochemi-
cal and virologic outcomes were not significantly 
different between the same groups, with 92.3% 

HBV DNA negativity, 54% HBeAg loss, and 87% 
transplantation-free survival at 1 year in the group 
cumulatively. Furthermore, over 1 year, entecavir 
improved underlying liver function—as measured by 
Child-Turcotte-Pugh and Model for End-Stage Liver 
Disease (MELD) scores—in patients with advanced, 
decompensated disease.50

Safety/tolerability
Entecavir is generally well-tolerated with relatively 
low incidence of serious side effects. Given the low 
EC 50 of entecavir against HBV, a very low dose of 
entecavir is required to treat HBV infection; this 
contributes to the favorable side effect profile of 
entecavir in comparison to other HBV antivirals. Based 
on aggregate results of clinical trials—including the 
three major phase 3 trials in nucleoside-naive (studies 
022 and 027) and LAM-refractory (study 026) patients 
and the 1.0 mg entecavir and lamivudine arms of a 
phase 2 clinical trial in LAM-refractory patients (study 
014), the most common adverse effects (incidence 
$3%) with a possible association with entecavir 
in study subjects were headache, dizziness, nausea 
and fatigue.38,40–42 Clinical adverse events occurred 
with equivalent or lower frequency with entecavir 
compared to lamivudine; moderate-severe adverse 
reactions (grade 2–4) occurred in 15% (vs. 18% with 
lamivudine) of nucleoside-naive patients, and 22% 
(vs. 23%) in LAM-refractory patients.22 The most 
frequent laboratory abnormalities were ALT elevations 
(11%–12%), hematuria (9%), and elevations in lipase 
of $2.1 times the upper limit of normal (ULN) (7%).22 
Elevations in ALT of .10 times the ULN or .2 times 
of baseline—which occurred in 2% both nucleoside-
naive and LAM-refractory entecavir-treated patients, 
versus 4% and 11% of lamivudine-treated patients, 
respectively—were frequently associated with a pre-
ceding or concurrent $2 log10/mL reduction in HBV 
viral load, and generally resolved with continued 
treatment. Only one study, of HBeAg-positive 
nucleoside-naive patients, demonstrated a significant 
difference in the percentage of patients discontinuing 
treatment due to adverse events (i.e. more discon-
tinuations in the lamivudine arm);40 the aggregate 
discontinuation rate from these studies was 1% in 
entecavir arms and 4% in lamivudine arms.22

Entecavir carries a black box warning stating that 
severe acute exacerbations of hepatitis B have been 
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reported upon discontinuation of anti-hepatitis B 
therapy, including entecavir, so hepatic function should 
be monitored closely for at least several months after 
treatment discontinuation. Among patients in phase 2 
trials for whom information was available, exacerba-
tions of hepatitis—defined as ALT flare of .10 times 
ULN and .2 times baseline—occurred in 2% of 
HBeAg-positive, 8% of HBeAg-negative, and 12% 
of LAM-refractory patients treated with entecavir.22 
In addition, nucleoside analog drugs have been asso-
ciated with lactic acidosis and severe hepatomegaly 
with steatosis; thus, it is recommended that entecavir 
be discontinued if lactic acidosis or significant hepa-
totoxicity develop.

There is insufficient data regarding the safety of 
entecavir in pregnant women (U.S. Food and Drug 
Administration Category C), breastfeeding women, 
and children under the age of 16 years.

Resistance
Entecavir is felt to have a high barrier to the 
emergence of resistance. As nucleoside analogs 
require recognition of their triphosphate form by 
the HBV polymerase, resistance may develop when 
amino acid substitutions occur in HBV Pol. Primary 
resistance to lamivudine results when substitutions 
occur in the highly-conserved YMDD motif of HBV 
Pol reverse transcriptase; mutations documented to 
confer resistance to LAM include primary resistance 
mutations rtM204V/I and the secondary rtL180M 
mutation.51 Emergence of resistance has become 
a significant concern with nucleoside analogs; 
one-year genotypic resistance rates to lamivudine 
are 6%–32%, with frequency of both genotypic and 
virologic breakthrough occurring in 6%–15% of 
patients.52 Telbivudine resistance is also associated 
with mutations at the rtM204 position.53

In contrast, resistance to entecavir requires 
multiple (3–4) reverse transcriptase substitutions, 
including two associated with primary lamivu-
dine resistance (M204V with or without L180M) 
in addition to one or more specific entecavir resis-
tance mutations at position rtT184, rtS202, and/or 
rtM250.26,51,54,55 Resistance to entecavir appears to 
be enhanced by pre-existing lamivudine resistance 
substitutions, and HBV strains with lamivudine resis-
tance mutations are 8-fold less susceptible to ente-
cavir than wild-type strains;54,55,56 this suggests a more 

important role for entecavir in primary treatment 
than in lamivudine-exposed patients. When clones 
containing all possible amino acid substitutions at the 
three primary entecavir resistance positions in LAM-
resistant HBV strains were tested, widely varying 
reductions in susceptibility were found, from 8-fold 
to .400-fold above wild-type.55

Results from phase 3 clinical trials (ETV-022 
and ETV-027) demonstrated low rates of emergence 
of resistance in nucleoside-naive patients placed 
on entecavir. In HBeAg-positive subjects, several 
amino acid substitutions were seen within the HBV 
reverse transcriptase with low frequency; these were 
not associated with phenotypic reduced entecavir 
susceptibility. Virologic rebound occurred in 2% of 
those receiving entecavir, vs. 18% of lamivudine-
treated patients.40 In HBeAg-negative subjects, 2% 
of patients receiving entecavir had virologic rebound, 
vs. 8% on lamivudine.41 In both studies, 48-week 
isolates from patients with virologic rebound on 
entecavir retained full susceptibility to entecavir 
and demonstrated no emergent substitutions from 
baseline, while the majority (71%–80%) of isolates 
from lamivudine patients with rebound revealed 
YMDD mutations.40,41

Five-year follow-up of 146 of these HBeAg-
 positive patients identified one patient, who had 
received lamivudine with entecavir prior to ente-
cavir alone, developed entecavir resistance, with 
 simultaneous emergence of rtM204V, rtL180M, 
and rtS202G in year 3 with subsequent virologic 
breakthrough.45 Cumulative results from long-term 
genotypic data in six phase 2 and phase 3 ente-
cavir studies showed low rates of both genotypic 
resistance and genotypic resistance accompanied by 
virologic breakthrough in nucleoside-naive patients, 
with 5-year rates of 1.2% and 0.8%, respectively;57 
entecavir resistance remained stable based on pre-
liminary 6-year data.58 While emergence of entecavir 
resistance in nucleoside-naive patients is uncommon, 
case reports of genotypic resistance with virologic 
breakthrough have been documented.59

In phase 3 clinical trials of LAM-refractory 
patients (ETV-026, n = 286), most patients (85%) 
had lamivudine resistance mutations rtM204I/V 
+/- rtL180M at baseline, and 6% (including 7 of 
141 patients who subsequently were randomized to 
entecavir) had mutations associated with entecavir 
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Table 2. Selected features of approved agents for the treatment of chronic hepatitis B.

Drug,  
abbreviation 
[references]

Drug classb Clinical  
indicationc

Adult treatment dose 
and duration studiedd

HBeAg  
seroconversion  
(% of pts)

HBV  
DNA undetectablee  
(% of pts)

Peginterferon  
alfa-2ai  
PegIFN-α64,65

interferon, 
immunologic 
agent

CHB, HDv 
co-infection, Hiv 
co-infection not  
on HAART  
(age $18 years)

180 mg/ 
week SC,  
48 weeks

27% 25%

(32% at  
24 weeks after  
treatment)

63%

entecavir
ETV40,41

Nucleoside 
(Guanosine) 
analog RTi

CHB, some  
effect in LAM-
refractory CHB  
(age $16 yrs)

0.5 mg/day PO,  
48 weeks; LAM  
refractory: 1.0 mg/day,  
48 weeks

21% 67%
 
90%
19%

Lamiduvine
3TC, LAM40,41,64–68

Nucleoside 
(Cytidine)  
analog RTi

CHB, 
decompensated 
cirrhosis  
(age .2 yrs)

100 mg/day  
PO, 48–52 weeks

16%–21%k 36%–40%k

 

 

71%–73%k

Telbivudine
TBV, LdT68

Nucleoside 
(Thymidine) 
analog RTi

CHB  
(age $16 yrs)

600 mg/day  
PO, 52 weeks

22% 60%

88%

Adefovir dipovoxil
ADV69,70

Nucleotide 
(Adenosine) 
analog RTi

CHB,  
decompensated 
cirrhosis,  
LAM-refractory  
CHB  
(age $12 yrs)

10 mg/day PO,  
48 weeks; LAM-
refractory: 10 mg/day 
with 2nd agent,  
48 weeks

12% 21%

51%

Tenofovir disoproxil 
fumarate
TDF71

Nucleotide 
(Adenosine) 
analog RTi

CHB,  
LAM-refractory  
CHB  
(age $18 yrs)

300 mg/day  
PO, 48 weeks

21% 76%

93%

(Continued)
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Table 2. (Continued)

Histologic 
improvementf  
(% of pts)

Viral resistanceg Side effects Pregnancy  
FDA classh

Estimated  
cost per dose  
(U.S. dollars)72–74

38%j none Influenza-like symptoms, fatigue, weight 
loss, hair/skin changes, headache, insomnia, 
depression, anxiety, cytopenias (anemia, 
neutropenia, thrombocytopenia)

C/I $385.00

48%

72% 
 
70%
55%

none Nausea, dizziness, headache, fatigue, 
hepatitis, hepatomegaly, steatosis,  
lactic acidosis

C $23.82

56%–62%k

 

61%–66%k

15%–30% Nausea/vomiting, headache, fatigue,  
anorexia, hepatomegaly, pancreatitis,  
lactic acidosis

C $6.80

65% 
 
67%

2.2%–5% elevated creatine kinase, headache, cough, 
fatigue, influenza-like symptoms, elevated  
liver enzymes, steatosis, lactic acidosis

B $16.23

53%

64%

none Asthenia, diarrhea, abdominal pain,  
anorexia, rash, nephrotoxicity, elevated liver 
enzymes/hepatitis, hepatomegaly,  
pancreatitis, lactic acidosis

C $18.11

74%

72%

,1% Rash, diarrhea, nausea/vomiting, asthenia,  
Fanconi-like syndrome, diabetes insipidis, 
acute renal failure/tubular necrosis, 
hepatomegaly, steatosis, osteopenia,  
lactic acidosis

B $15.92

aData from 1-year results of trials comparing PegIFN-a to LAM, ETV to LAM, LAM to placebo (and as control), TBV to LAM, 
and TDF to ADV; all data from 48–52 week data of clinical trials, unless otherwise specified.
bRTi, reverse transcriptase inhibitor.
cCHB, chronic hepatitis B; HDv, hepatitis D virus; HAART, highly active antiretroviral therapy. Ages listed are the populations 
in which treatment is approved.
dDuration studied in clinical trials cited. SC, subcutaneously; PO, oral. indicates normal adult dose, given normal renal function.
eHBv DNA measured by PCR. Lower limit of detection: Peg-iFN/eTv/LAM/TBv studies ,300 copies/mL, ADv/TDF studies: 
,400 copies/mL.
fHistologic improvement defined as at least a two-point reduction in the Knodell necroinflammatory score and no worsening 
in the Knodell fibrosis score.
gWhen specifically defined, viral resistance was defined as virologic breakthrough with treatment-emergent resistance 
mutations confirmed by genetic sequencing.
hC/i, contraindicated.
iInterferon alfa-2b (IFN-α) also approved for CHB, but use has been largely supplanted by pegIFN-α: viral parameters, 
resistance, and side effects/safety are similar or inferior to those seen with peginterferon alfa-2a.
jHistologic data for peg-IFN is from 72 weeks (end of follow-up); not available from end of treatment.
kLamivudine data for seroconversion, viral response, histology include data from Lai et al 1998,65 Dienstag et al 1999,66 and 
control data from eTv, TBv, and peg-iFN trials cited; data from Hann et al 200852 included in resistance rates.
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resistance (at rtT184, rtS202, or rtM250) before 
exposure to entecavir. None of the 7 patients who had 
virus with baseline substitutions normally associated 
with entecavir resistance experienced virologic break-
through at 48 weeks; however, two patients (1.4%) did 
develop virologic rebound associated with entecavir-
resistant mutations at one year.42

Cumulative long-term data on LAM-refractory 
patients treated with entecavir yielded significantly 
higher rates of resistance compared to nucleoside-
naive patients: 1- and 5-year probabilities of genotypic 
entecavir resistance were 6% and 51%, respectfully, 
and corresponding probabilities of genotypic entecavir 
resistance associated with virologic breakthrough were 
1% and 43%.57 Preliminary 6-year data demonstrated 
a continued increase in genotypic entecavir resistance 
and virologic breakthrough (57% and 50%, respec-
tively). However, entecavir resistance was rare among 
LAM-refractory patients who achieved HBV DNA 
levels of ,300 copies/mL on entecavir; at year 6, of 
74 LAM-refractory patients who achieved an unde-
tectable HBV DNA on entecavir, 5 (7%) developed 
entecavir resistance.58 All patients with entecavir 
virologic breakthrough at year 5 had HBV virus with 
three or more resistance mutations, including both 
rtM204V and rtL180M, in addition to rtT184, rtS202, 
and/or rtM250 substitutions.57 Changes at amino acid 
positions I169, A181, S78, and V84 were also seen in 
the ETV-resistant population.57 Given the high rates of 
emergence of entecavir resistance in LAM-refractory 
patients, entecavir is generally not recommended in 
this setting.

Role of Entecavir in HBV Therapy
Currently, when treatment is indicated based on 
HBV viral loads, HBeAg positivity, liver histol-
ogy, and serum ALT, seven agents are approved 
for the treatment of chronic hepatitis B: interferon 
alfa-2b, pegylated interferon alfa-2a, lamivudine, 
telbivudine, entecavir, adefovir, and tenofovir 
(Table 2). Important considerations in the choice of 
antiviral for HBV treatment include efficacy in reduc-
ing HBV DNA, improvement in liver histology, and 
HBeAg seroconversion, as well as risk of emergent 
resistance, tolerability, durability, ease of dosing, and 
cost. Based on the results of pre-clinical and clinical 
trials, entecavir is seen as a preferred agent for the 
treatment of HBeAg-positive and HBeAg-negative 

chronic hepatitis B in nucleoside-naive patients. As 
the primary goal of HBV therapy is the achievement 
of complete virologic suppression with the long-term 
goals of reducing HCC, progressive liver disease and 
death, the potency, favorable tolerability profile, and 
high barrier to resistance of entecavir make it a first-
line agent in this population.

As pre-existing resistance to lamivudine facilitates 
the development of entecavir resistance, entecavir use 
in LAM-refractory patients must be used with more 
caution. Frequent monitoring for virologic response 
and breakthrough are important, although long-term 
data to date suggests low frequency of emergent 
resistance in patients who achieve and maintain 
virologic suppression.

Treatment of decompensated cirrhosis is 
recommended to attempt clinical improvement, prevent 
recurrent reactivations, and—if disease is so advanced 
that only liver transplantation will be of benefit—re-
duce risk of HBV recurrence in the transplant graft. In 
this tenuous and pre-transplant population, use of anti-
virals with potency and favorable resistance profiles—
such as entecavir and tenofovir—is particularly 
important. While only adefovir and lamivudine are 
currently licensed for use in patients with HBV-related 
decompensated cirrhosis, study data to date suggests 
entecavir is safe and effective in this population,50 and 
post-hoc analysis of the three primary phase 3 trials 
of entecavir revealed similar efficacy and safety in 
patients with advanced liver fibrosis/cirrhosis com-
pared to the overall population.60 Thus, some guide-
lines already recommend entecavir as a first-line 
option in nucleos(t)ide-naive patients with decom-
pensated cirrhosis.18 However, many of these patients 
may be treatment-experienced; entecavir monother-
apy in the setting of previous lamivudine resistance 
is not recommended due to high probabilities of 
entecavir resistance and virologic failure.57 Regard-
less of antiviral history, close monitoring for virologic 
failure or breakthrough, resistance, or exacerbations 
of liver disease is recommended in this population.18 
Results of ongoing trials on the safety of entecavir in 
decompensated cirrhosis and post-transplant patients 
are needed; data on entecavir’s potential to initi-
ate carcinogenesis will also be relevant in cirrhotic 
patients, who have increased baseline risk of HCC.61 
However, entecavir may have an important role in 
the treatment of patients with advanced liver disease. 
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As the potential for nephrotoxicity is often a concern 
in this population, pre- or post-transplant, entecavir is 
an attractive option over nucleotide analogs tenofovir 
and adefovir due to its high potency, high barrier to 
resistance, and lack of renal toxicity. In addition, while 
long-term safety data in the post-transplant setting is 
needed, the use of HBV immunoglobulin (HBIg) and 
oral nucleos(t)ide antivirals after liver transplanta-
tion has markedly diminished HBV recurrence and 
mortality post-transplant, and is now standard of 
care.18,61

While entecavir may also be effective in some LAM-
refractory patients, use in this population is limited 
by pre-existing LAM resistance mutations; caution 
should be used when M204+/- L180 mutation(s) 
are present at baseline, as 5-year risk of developing 
entecavir resistance is high in these patients. Thus, 
current recommendations state that entecavir should 
be avoided in LAM-refractory patients; instead, either 
tenofovir or adefovir should be added to lamivudine in 
these patients or they should be switched to tenofovir/
emtricitabine.17,18,62 However, in patients without 
lamivudine-resistant HBV who fail to seroconvert 
from HBeAg positive to negative at one-year on 
lamivudine therapy, switching to entecavir may be a 
potent, well-tolerated option. Continuing lamivudine 
in addition to entecavir may lead to increased risk of 
entecavir resistance.

As previously discussed, entecavir—like teno-
fovir, lamivudine, and higher doses of adefovir—
has some anti-HIV activity; in addition, co-infected 
patients may be currently or previously treated with 
lamivudine or emtricitabine for their HIV infec-
tion, so there is risk of cross-resistance if entecavir 
is administered. In general, entecavir should not be 
used as a first-line agent in HIV/HBV co-infected 
patients. In certain cases, if entecavir is used in HIV/
HBV co-infected patients, it should only be admin-
istered with a fully suppressive HIV antiretroviral 
regimen.

Further clinical studies of entecavir in patients in 
expanded populations—including patients of Black/
African-American race or of Hispanic ethnicity, 
patients with decompensated HBV-related cirrhosis, 
orthotopic liver transplant recipients, HIV/HBV 
 co-infected patients, and pediatric populations—
and studies of entecavir in combination with and 
compared to other HBV antivirals are underway.

Conclusions
Hepatitis B virus continues to be a prevalent cause 
of chronic liver disease worldwide. Effective, durable 
suppression of HBV viremia has been shown to be 
crucial in preventing the significant morbidity and 
mortality caused by chronic HBV infection. Thus, 
availability of potent, specific antivirals with high 
barrier to resistance will be central in improving 
clinical outcomes and survival. Entecavir, with its 
favorable efficacy, tolerability, and resistance profile, 
is an attractive first-line option for the treatment of 
chronic HBV in treatment-naive patients, and can 
be effective in some LAM-refractory patients. In 
addition, though it is not currently licensed for this 
use, it may be one of the preferred agents for select 
patients with HBV-related decompensated cirrhosis or 
orthotopic liver transplant. Future studies will reveal 
important information on entecavir combination 
therapy and use in special populations.
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