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ABSTRACT

The introduction of nucleos(t)ide analogues for the
treatment of chronic hepatitis B virus (HBV) infec-
tion was transformative in reducing morbidity and
mortality. Entecavir, a potent selective nucleoside
analogue first approved in 2005 for treatment of
chronic HBV, is associated with significant antiviral,
biochemical, serologic, and histologic responses. Rapid
reductions in HBV DNA levels, low risk of resistance
development, and a favorable adverse event profile
have contributed to its clinical usefulness. Recent de-
velopments in the use of entecavir have increased its
utility in the management of difficult-to-treat patients
with chronic HBV, including those patients with de-
compensated liver disease. Recent studiesin this popu-
lation have demonstrated that entecavir 1.0 mg/d
given for up to 48 weeks had superior antiviral ac-
tivity when compared with adefovir and was gene-
rally safe and well tolerated. Long-term outcomes of
entecavir in difficult-to-treat populations are eagerly
anticipated.
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1. INTRODUCTION

Chronic hepatitis B virus (HBV) infection affects 350 to
400 million individuals worldwide and 1.25 million in
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the United States [1,2]. North America is considered a
low-prevalence (<2%) area [3], with pockets of high
prevalence (e.g., Asian immigrants, Alaskan natives).
However, the prevalence of chronic HBV infection is
increasing with the influx of immigrants from Asia,
Eastern Europe, and other endemic areas. Chronic HBV
infection is characterized by active viral replication and
persistence of hepatitis B surface antigen (HBsAg) for
>6 months with or without hepatitis B e antigen (HBeAg)
(Figure 1) [4]. The natural history of chronic HBV in-
fection varies widely. The majority of patients have some
degree of liver injury due to chronic infection, cirrhosis,
or end-stage liver disease, and hepatocellular carcinoma
(HCC) occurs in approximately 33% to 40% of patients
[4-6]. Chronic HBV infection is associated with an an-
nual progression rate to cirrhosis of 2% to 5.5%, and
there is a 5-year cumulative rate of progression of 8% to
20% in HBeAg-positive patients and 8% to 10% in
HBeAg-negative patients [7]. For patients with liver cir-
rhosis, the mortality risk is higher with both the chance
of decompensation of liver function and a substantially
higher risk of HCC. The 5-year survival rate for patients
with decompensated liver disease and compensated liver
disease were 14% and 84%, respectively [8]. Significant
improvements in survival are associated with suppres-
sion of HBV replication and biochemical remission.
Therefore, antiviral therapy is the mainstay treatment
strategy for patients with both compensated and decom-
pensated cirrhosis [5,9,10].

An important goal of treatment is reducing HBV DNA
levels to the lowest possible level, thereby reducing liver
inflammation and improving biochemical and histologic
markers of disease activity [5,9,10]. Entecavir (Bara-
clude®; Bristol-Myers Squibb, Princeton, NJ), an orally
available guanosine nucleoside analogue, is a potent and
selective drug for HBV and has been demonstrated to be
safe and effective in nucleoside-naive and lamivudine
(Epivir®; GlaxoSmithKline, Research Triangle Park,
NC)-refractory patients with HBeAg-positive or HBeAg-
negative chronic HBV infection [11-19]. The agent also
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Figure 1. Serologic characteristics of patients with chronic
HBYV infection [18]. Chronic infection is characterized by ac-
tive viral replication and persistence of serum HBsAg, HBeAg,
and HBV DNA. HBV DNA levels and serum ALT remain
elevated, with a notable proportion of patients developing
end-stage liver disease and HCC. Chronic HBV infection is
associated with progression to cirrhosis, with associated poor
prognosis. ALT, alanine aminotransferase; anti-HBc, hepatitis
B core antibody; HBeAg, hepatitis B e antigen; HBsAg, hepati-
tis B surface antigen; HBV, hepatitis B virus; HCC, hepatocel-
lular carcinoma; IgM, immunoglobulin M. Reprinted with per-
mission from Macmillan Publishers Ltd [22], copyright 2009.

has utility in treatment of HIV/HBV coinfected patients
if background highly active antiretroviral therapy (HAA-
RT) is maintained for HIV suppression [20]. Because
entecavir treatment results in rapid reductions in HBV
DNA levels and is associated with low long-term rates of
resistance, the agent was investigated and later approved
for treatment of patients with HBV with decompensated
liver disease based on a randomized open-label study
comparing entecavir with adefovir (Hepsera®; Gilead
Sciences, Inc., Foster City, CA) [21,22].

2. ENTECAVIR IN CHRONIC HBV
INFECTION

2.1. Overview of the Mar ket

The current treatment for chronic HBV infection in the
United States consists of 7 approved treatments, includ-
ing 2 forms of interferon-a (standard and pegylated) and
5 oral nucleos(t)ide analogues (NAs; Figure 2) [5,9,10].
Interferon-a was the first treatment available for chronic
HBV infection. Although relatively effective for sup-
pressing viral replication and inducing seroconversion
(i.e., HBeAg and HBsAg loss) [23], the agent is limited
by its challenging adverse event (AE) profile and the
need for careful patient monitoring [24]. The introduc-
tion of pegylated interferon (peglFN), which requires
less-frequent subcutaneous administration, improved the
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convenience but not the AE profile of interferon-based
therapy [5]. Oral NAs have largely supplanted interferon
use as a result of their ease of oral administration, low
AE profile, and potency [10].

The first NA (i.e., lamivudine) was available in 1998
(Figure 2). Adefovir was later introduced, and though
lamivudine and adefovir are effective in suppressing
HBV DNA levels, these agents were associated with
high rates of resistance development [5]. Because NAs
do not have immunomodulatory -effects, long-term
treatment with these agents is usually required to prevent
viral relapse [25]. As a consequence, risk of resistance
has emerged as an important consideration in treatment
selection. Newer-generation NAs, including entecavir
and tenofovir (Viread™; Gilead Sciences, Inc.), are more
potent antiviral agents and also have a lower risk of re-
sistance, thereby increasing the benefits of therapy.

2.1.1. Treatment of HBeAg-Positive and
HBeAg-Negative Chronic HBV Infection

Patients with HBeAg-positive chronic HBV infection
should be considered for treatment with 1 of the 7 ap-
proved antiviral medications [5,10]. Clinical efficacy of
these treatments in HBeAg-positive patients is summa-
rized in Table 1 [5,11,26-30]. In general, tenofovir, en-
tecavir, and peglFN-a are the preferred regimens due to
both superior potency and low rates of resistance [5,9,
10].

Patients with HBeAg-negative chronic HBV infection
should be considered for treatment. Clinical efficacy of
available treatments in HBeAg-negative patients is sum-
marized in Table 2 [5,15,30-33]. As with treatment of
HBeAg-positive HBV infection, tenofovir, entecavir, and
peglFN-a are the preferred regimens for patients with
HBeAg-negative HBV infection [5,9,10]. Interferon
should be not be used in patients with cirrhosis [5] and is
contraindicated in patients with decompensated cirrhosis
[24] because of the risk of hepatic flares and liver failure

[5].

2.1.2. Treatment of HIV/HBV Coinfection

Patients coinfected with HIV and HBV who meet criteria
for chronic HBV infection should receive treatment for
their chronic HBV infection in addition to treatment for
HIV [5,9,10]. A major consideration is the selection of
mutant-resistant treatment, even with agents associated
with lower resistance potential. Resistance is an unwel-
come development because it is usually associated with
rebound in HBV load (or possibly a change in HIV in-
fectivity) and exacerbation of disease [34,35]. According
to clinical practice guidelines, patients should initiate
treatment for both HIV and HBV infection with agents
that are active against both viruses (e.g., lamivudine plus
tenofovir or emtricitabine [Emtriva®; Gilead Sciences,
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Figure 2. Historical overview of United States—marketed antiviral agents for treatment of chronic hepatitis B. In 1990, inter-
feron-a-2b became the first drug approved for treatment of chronic HBV infection. It wasn’t until 2005 that a pegylated formulation
of interferon-o-2a became available with improved pharmacokinetics, safety, and convenience. Lamivudine was the first nucleoside
analogue approved (1998), which ushered in a new era of oral therapy for chronic hepatitis B. Entecavir was approved in 2005 for
adults with evidence of active viral replication and either evidence of persistent elevations in serum aminotransferases or histologi-
cally active disease. Entecavir was most recently approved in 2010 for treatment of patients with decompensated liver disease.

Table 1. Clinical summary of approved agents in HBeAg-positive chronic HBV infection [5,11,26-30].

Parameter IFN-a pegl FN-a Adefovir Entecavir Lamivudine Telbivudine Tenofovir
Route Subcutaneous Subcutaneous Oral Oral Oral Oral Oral
Dose 3 M&J[?fi'.vovf 10 180 g q.w. 10mgqd.  0.5mgq.d. 100 mg q.d. 600mgqd. 300 mg q.d.
Efficacy
LOSISD‘I’\If : BV 37% 25% - 34% 21% 67% 40% - 44% 60% 76%
Normai'l_z{a_“o” of 23% 39% 48% 68% 41% - 75% 7% 68%
_ Histologic NA 38% 53% 72% 49% - 56% 65% 74%
|mprovement
HBeAg 18% 27% - 32% 12% 21% 16% - 21% 22% 21%
Seroconversion
Lossof HBsAg 8% 3% 0% 2% 1% 0% 3%
. ) ) 0%, yr 1 Negligible 20%, yr 1 Negligible o
Drug resistance 29%, yr 5 1%, yr 5 70%, yr 5 25%, yr2 0%, yr3
Side effects Numerous Numerous Nephrotox Negligible Negligible Negligible Nephrotox

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IFN-a, interferon-a; NA, not avail-
able; Nephrotox, potential nephrotoxicity; peglFN-a, pegylated interferon-a; q.d., once daily; q.w., every week; t.i.w., 3 times weekly.

Table 2. Clinical summary of approved agents in HBeAg-negative chronic HBV infection [5,15,30-33].

Parameter IFN-a pegl FN-a Adefovir Entecavir Lamivudine  Telbivudine  Tenofovir
Lossof HBV DNA 60% - 70% 63% 51% 90% 60% - 73% 88% 93%
Normalization of ALT 60% - 70% 38% 72% 78% 60% - 79% 74% 76%
Histologic improvement NA 48% 64% 70% 60% - 66% 67% 72%

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; IFN-a, interferon-a; NA, not available; peglFN-a, pegylated inter-
feron-a.

Inc.] plus tenofovir). However, up to 90% of coinfected tenofovir added to the regimen [5]. Patients who are al-
patients develop resistance to lamivudine at 4 years [36]. ready receiving HAART with suppression of HIV RNA
Patients with confirmed lamivudine resistance may have may receive peglFN-a, adefovir, or entecavir [5,20].
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Importantly, entecavir has been shown to select for the
M184V mutation in the HIV virus [5]. Additionally, ade-
fovir should not be used concurrently with tenofovir, and
entecavir should not be used with lamivudine or em-
tricitabine due to cross-resistance.

2.1.3. Treatment of Decompensated Liver Disease
Patients with chronic HBV infection with decompen-
sated liver function have a poor prognosis and should be
referred for liver transplantation [5,9,10]. Treatment
should be initiated promptly with an antiviral agent to
rapidly reduce viral load and prompt clinical improve-
ment, which may delay or even avoid the need for trans-
plantation. According to guidelines from the American
Association for the Study of Liver Diseases, tenofovir
and entecavir are the preferred monotherapy regimens
[5], but in many cases, physicians may consider starting
combination NA treatment to reduce the risk of drug
resistance. This approach is not supported by current
guidelines and would require the use of 1 nucleoside
analogue (lamivudine, telbivudine [Tyzeka”; Novartis AG,
Basel, Switzerland], or entecavir) with 1 nucleotide ana-
logue (adefovir or tenofovir). Entecavir and tenofovir are
associated with the lowest risk of drug resistance, and the
clinical profile of entecavir has recently been established
in this patient group [22,37,38]. Other drugs such as lami-
vudine and adefovir have demonstrated high resistance
and nephrotoxicity, respectively [39]. Notably, interferon-
based regimens are contraindicated in this population
because of the risk of hepatic failure [24].

2.2. Introduction to the Compound Entecavir

Entecavir is a once-daily orally available guanosine NA
with potent and selective antiviral activity against HBV
[21]. Entecavir was first approved in the United States in
2005 for treatment of chronic HBV infection in adults
with evidence of active viral replication and either evi-
dence of persistent elevations in serum aminotransferases
or histologically active disease. Subsequently, in October
2010, entecavir was approved for treatment of chronic
HBYV patients with evidence of decompensated liver dis-
ease based on results from an open-label, phase 3b,
comparative trial [22]. In clinical practice, entecavir is
used primarily in first-line treatment of chronic HBV
infection and in patients with decompensated liver dis-
ease. To date, there are more than 130 published clinical
experiences for entecavir, and the optimal uses for ente-
cavir and durability of response to the drug continue to
be actively investigated.

Phar macokinetics and M etabolism

Entecavir exhibits linear pharmacokinetics across the
clinical dosing range, with steady-state levels achieved
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by days 6 to 10 [21,40]. An extended terminal half-life
ranging from 128 to 149 hours supports once-daily dos-
ing [21]. Impaired hepatic function does not alter the
pharmacokinetics of entecavir, and additionally, coad-
ministration of agents metabolized by hepatic cyto-
chrome P450 enzymes is unlikely to affect entecavir
pharmacokinetics. Absorption of oral entecavir is de-
layed with a standard high-fat or light meal; thus, US
dosing recommendations suggest that entecavir be taken
on an empty stomach at least 2 hours after the previous
meal and 2 hours before the next meal.

Entecavir is excreted unchanged in the urine, with re-
covery of 62% to 73% of the oral dose [21]. In patients
with renal impairment (creatinine clearance < 50 mL/min),
the dose of entecavir is adjusted and administered at ei-
ther a lower daily dose or a normal dose less frequently.
Because bioavailability of the oral tablets is 100% that of
the oral solution, the 2 forms of delivery may be used
interchangeably.

2.3. Clinical Efficacy in Chronic HBV Infection

There is a growing body of evidence that entecavir is
effective for a wide range of patients infected chronically
with HBV, including patients with decompensated liver
function [22,37,38,41,42]. Studies of entecavir for HBeAg-
positive and HBeAg-negative chronic HBV infection and
lamivudine-resistant infection formed the basis for initial
drug use [11,15,19], followed by demonstration of cli-
nical efficacy in those patients coinfected with HIV and
HBYV [20].

2.3.1. Entecavir for the Treatment of HBeAg-Positive
and Lamivudine-Refractory Chronic HBV
Infection

The clinical profile of entecavir in patients with HBeAg-

positive and lamivudine-refractory chronic HBV infec-

tion is reviewed by Scott et al. [43]. In a trial by Chang
et al. [11], nucleoside-naive patients with HBeAg-posi-
tive chronic HBV infection were randomized to entecavir

0.5 mg/d or lamivudine 100 mg/d for 48 weeks. The

primary endpoint was histologic improvement at week

48, defined as a decrease of >2 points in Knodell necro-

inflammatory score without worsening of fibrosis. A

significantly higher proportion of entecavir-treated pa-

tients achieved histologic improvement compared with

lamivudine-treated patients (72% vs 62%, respectively; P

= 0.009). Also, entecavir was superior to lamivudine for

secondary endpoints, in particular viral suppression. In
addition, none of the patients developed resistance to
entecavir during the first year of therapy.

In the multicenter EARLY trial, patients with chronic

HBYV infection were randomized to treatment with ente-

cavir 0.5 mg/d or adefovir 10 mg/d for 52 weeks [44].
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The primary endpoint was mean change from baseline to
week 12 in HBV DNA levels. At week 12, mean change
from baseline was —6.23 log;, copies/mL in the entecavir
group compared with —4.42 log;, copies/mL in the ade-
fovir group (P < 0.0001). Early reduction in HBV DNA
levels at day 10 was predictive of virologic response at
week 48 and was higher in entecavir-treated patients than
in adefovir-treated patients (entecavir-adefovir difference,
—0.66 log;o copies/mL).

Given that loss of HBsAg has been recognized as an
important endpoint for chronic HBV therapy because it
may closely reflect elimination of HBV infection [45],
the efficacy of entecavir in eliminating HBsAg has been
evaluated retrospectively [46]. In this study, 5% of treat-
ment-naive HBeAg-positive patients who received ente-
cavir therapy for up to 96 weeks had elimination of
HBsAg compared with 3% of patients who received
lamivudine. These results provide further evidence of the
efficacy of entecavir in HBeAg-positive patients.

In patients with lamivudine-refractory chronic HBV
infection, results from a randomized phase 3 trial dem-
onstrated that entecavir 1.0 mg/d (n = 141) was superior
to continuation of lamivudine 100 mg/d (n = 145) for 52
weeks [17]. Histologic improvement was achieved in
55% of entecavir-treated patients compared with only
28% of lamivudine-treated patients (P < 0.0001).

2.3.2. Entecavir for the Treatment of
HBeAg-Negative Chronic HBV Infection

The clinical profile of entecavir in patients with HBeAg-
negative chronic HBV infection has been reported in a
phase 3 double-blind study [15] and reviewed by Scott et
al. [43]. Nucleoside-naive patients with HBeAg-negative
chronic HBV infection were randomized to entecavir 0.5
mg/d (n = 296) or lamivudine 100 mg/d (n = 287) for 52
weeks [15]. The primary endpoint was histologic im-
provement at week 48, defined as a decrease of >2 points
in Knodell necroinflammatory score without worsening
of fibrosis. A significantly higher proportion of ente-
cavir-treated patients achieved histologic improvement
compared with lamivudine-treated patients (70% vs 61%,
respectively; P = 0.01). Entecavir was also superior to
lamivudine for the secondary endpoints, including sup-
pression of HBV DNA. No patients developed resistance
to entecavir.

2.3.3. Treatment of HIV/HBV Coinfection

A notable percentage of patients infected with HIV are
also affected by chronic HBV infection, with liver dis-
ease representing a frequent cause of death among those
patients who are coinfected (44% of cases) [47]. The
clinical profile of entecavir was investigated in 68 pa-
tients receiving lamivudine-containing HAART for HIV/
HBYV coinfection [20]. Patients were randomized to 24
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weeks of entecavir 1.0 mg/d (n = 51) or placebo (n = 17)
and then rolled over into an open-label extension study
for another 24 weeks. The primary endpoint was mean
change from baseline in HBV DNA levels at week 24.
Mean change in HBV DNA levels at week 24 was —3.65
logjo copies/mL in entecavir-treated patients compared
with 0.11 log; copies/mL in placebo-treated patients (P <
0.0001). Entecavir-resistance substitutions (S202C or
T184S) were detected in 2 patients over the 48 weeks of
treatment; however, no patient experienced virologic break-
through.

In patients coinfected with HIV and HBV, entecavir
must be used in conjunction with antiviral treatment for
HIV (i.e., HAART) [43]. Treatment of both HIV and
HBYV infections is required to avoid the potential for re-
sistance and to reduce replication of both viruses [48].

2.3.4. Treatment of Decompensated Liver Disease
The use of entecavir now extends to difficult-to-treat
patients with chronic HBV infection, including those
with decompensated liver disease (Table 3) [22,38,41].
In a 48-week study by Liaw et al, entecavir 1.0 mg/d
showed benefits over adefovir 10 mg/d in terms of mean
change in model for end-stage liver disease (MELD)
score (-2.6 vs —1.7, respectively) and proportion of pa-
tients with HBV DNA levels <300 copies/mL (57% vs
20%, respectively [P < 0.0001]), alanine aminotrans-
ferase (ALT) normalization (63% vs 46%, respectively
[P = 0.04]), and reduction in Child-Turcotte-Pugh (CTP)
score >2 (35% vs 27%, respectively; Figure 3) [22]. Pa-
rameters at study entry were similar between groups, and
approximately 34% of patients were lamivudine resistant
at entry. Additionally, the cumulative incidence of HCC
and mortality rate were numerically lower, though not
statistically significantly, for entecavir-treated patients
compared with adefovir-treated patients (HCC, 12% vs
20%, respectively; mortality, 23% vs 33%, respectively).
In another recent study by Liaw er al. [41], patients
with decompensated liver disease were randomized to
tenofovir 300 mg/d, emtricitabine 200 mg/d plus teno-
fovir 300 mg/d, or entecavir 0.5 or 1.0 mg/d. Although
the primary endpoint was safety (i.e., tolerability failure),
all treatment groups experienced similar improvement in
virologic, biochemical, and histologic parameters. In
patients randomized to entecavir, baseline HBV DNA
level was 5.9 log;o copies/mL, median CTP score was 7,
and median MELD score was 10.5. Lamivudine resis-
tance was observed in 3 patients (14%). Of the 22 pa-
tients treated with entecavir for 48 weeks, 16 (73%)
achieved HBV DNA levels <400 copies/mL and 12
(55%) achieved normal ALT levels. Additionally, 5 of
12 patients (42%) achieved a decrease in CTP score of
>2, and no patient treated with entecavir experienced an
increase in CTP score of >2. Safety, including renal
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Table 3. Summary of clinical efficacy of entecavir in decompensated HBV cirrhosis.

Liaw et al. [22]

Liaw et al. [41] Shim et al. [38]

No. patients 100 22 70
Lamivudine resistant, % 34 14 0
Baseline HBV DNA, log), copies/mL 7.5 59 7.2
Baseline CTP 8.8 7 8.4
Baseline MELD score 17.1 10.5 11.5
HBYV DNA undetectable, % 57 73 89
LCTP>2,% 35 42 49
Mean MELD score 2.6 2.0 2.2
1-y survival, % 84 91 87
CTP, Child-Turcotte-Pugh score; HBV, hepatitis B virus; MELD, model for end-stage liver disease.
HBV DNA levels I CTP>2 I MELD
<300 copies/mL -
100 6 -
100
80 S
80 1 P<0.0001
(] -4 A
60 g
e 60 4 57 - S
- " g 3 -
R = 40 - <
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Figure 3. Efficacy of entecavir in patients with chronic HBV infection and decompensated liver disease [20]. Patients were random-
ized to entecavir 1.0 mg/d (n = 100) or adefovir 10 mg/d (n = 91) for 48 weeks. Although both treatments reduced viral load (a) and
improved liver function ((b) and (c)), entecavir demonstrated superior outcomes compared with adefovir. ADV, Adefovir; CTP,
Child-Turcotte-Pugh score; ETV, Entecavir; HBV, hepatitis B virus; MELD, model for end-stage liver disease.

safety, was similar with all 3 regimens, and there were
no cases of lactic acidosis.

In a study of first-line entecavir 0.5 mg/d in 70 pa-
tients with decompensated cirrhosis (baseline: HBV
DNA, 7.2 logo copies/mL; CTP score, 8.4; MELD score,
11.5), HBV DNA was undetectable in 89% of patients at
1 year [38]. Additionally, 49% of patients achieved an
increase in CTP score of >2, and mean MELD score de-
creased by 2.2. Transplantation-free survival at 1 year
was 87%.

Copyright © 2012 SciRes.

Taken together, data from these studies demonstrate
the safety and efficacy of entecavir in patients with
chronic HBV infection and decompensated liver disease
[22,38,41]. Entecavir was associated with marked reduc-
tions in viral load and improvements in liver function
scores. Entecavir extended transplantation-free survival,
with overall survival at least equivalent to treatment with
other NAs. Longer-term clinical efficacy (and safety)
data are needed to more fully characterize the role of
entecavir in this population.
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2.3.5. Long-Term Efficacy of Entecavir in
Compensated Liver Disease

Long-term treatment with entecavir is reviewed by Gon-
zalez and Keeffe [14]. In a long-term rollover study of
HBeAg-positive patients treated with entecavir, 5 years
or more of continuous therapy resulted in durable HBV
DNA suppression in 94% of patients and ALT normali-
zation in 80% of patients [49]. Long-term histologic
benefits of entecavir have also been noted. Histologic
improvement observed among nucleoside-naive HBeAg-
positive and HBeAg-negative patients at 48 weeks was
continued in patients with long-term biopsy follow-up
from 3 to 7 years on therapy (median time of biopsy, 6
years) [13]. Histologic improvement (>2-point decrease
in Knodell necroinflammatory score and no worsening of
Knodell fibrosis score) was observed in 55 of 57 biopsy
samples (96%). Additionally, all 10 patients with ad-
vanced fibrosis or cirrhosis before initiating entecavir
achieved histologic improvement.

Risk of entecavir resistance is very low, with a cumu-
lative probability at 1 (n = 663), 2 (n =278), 3 (n = 149),
4 (n=121), and 5 years (n = 108) of 0.2%, 0.5%, 1.2%,
1.2%, and 1.2%, respectively [18]. Cumulative risk of
virologic breakthrough was commensurate with risk of
resistance, with 0.2%, 0.2%, 0.8%, 0.8%, and 0.8% of
patients experiencing virologic breakthrough at 1, 2, 3, 4,
and 5 years, respectively. However, in patients with
chronic HBV infection resistant to lamivudine, the
S-year cumulative probabilities of entecavir resistance
and entecavir resistance associated with virologic break-
through were 51% and 43%, respectively (n = 33). Ef-
fective treatment options for entecavir-resistant HBV
include tenofovir monotherapy [5,50], adefovir mono-
therapy [5], or combination therapy with entecavir and
tenofovir [51].

2.4. Safety and Tolerability

Safety and tolerability of entecavir for treatment of
chronic HBV infection is reviewed by Scott et al. [43].
In pooled analyses of the pivotal clinical trials conducted
in patients with compensated liver function [21], includ-
ing patients who were nucleoside naive and lamivudine
refractory, common AEs included headache, fatigue, and
dizziness [35]. Only 1% of patients enrolled in these tri-
als discontinued entecavir because of an AE or abnormal
laboratory result compared with 4% of lamivudine-
treated patients.

In comparative studies of entecavir versus lamivudine
[11,15,19] or adefovir [44], incidence and severity of
AEs were comparable. Most of the AEs in these trials
were mild to moderate in severity, and there were no
treatment-related deaths [11,15,19,44].

Copyright © 2012 SciRes.

Safety and Tolerability in Patients with
Decompensated Liver Disease

Common AEs in 102 patients with decompensated liver
disease treated with entecavir 1.0 mg/d included periph-
eral edema (16%), ascites (15%), pyrexia (14%), hepatic
encephalopathy (10%), and upper respiratory tract infec-
tion (10%) [21]. Approximately 5% of patients discon-
tinued over the 48-week period because of AEs. No pa-
tient treated with entecavir experienced a hepatic flare
over the treatment period. The mortality rate at 48 weeks
for patients receiving entecavir was 18%, which was
comparable to a mortality rate of 20% of patients ran-
domized to adefovir.

Lactic acidosis attributable to mitochondrial toxicity
may occur in a subset of patients treated with polymerase
inhibitors, especially in patients with impaired liver
function [52]. Small (<16 patients) retrospective studies
in patients with decompensated HBV cirrhosis and high
baseline MELD score (i.e., >18) have reported lactic
acidosis in patients receiving entecavir (17% to 31% of
patients) [52,53], but whether this is a result of the drug
itself or hepatic decompensation remains unknown.
However, in a 48-week clinical trial of entecavir in pa-
tients with decompensated HBV liver cirrhosis, 1 patient
who had a baseline MELD score of 21 and no predispo-
sition for lactic acidosis and was receiving entecavir de-
veloped lactic acidosis [22]. This instance resolved
without treatment or discontinuation of entecavir, sug-
gesting that it may have been unrelated to entecavir.

3. CONCLUSION

The progressive nature of chronic HBV infection and
potential for downstream complications, including cir-
rhosis, HCC, and transplantation, indicate a critical need
for effective treatments. Because HBV DNA level is
correlated with patient outcome, treatments have been
directed toward inhibiting HBV replication. Entecavir
rapidly and potently reduces HBV DNA levels, which in
turn is associated with favorable biochemical and his-
tologic responses. Substantial published evidence sug-
gests that entecavir may be used for the treatment of nu-
cleoside-naive patients with HBeAg-positive or HBeAg-
negative chronic HBV infection. Additionally, there is
clinical evidence to support entecavir use in HIV/HBV
coinfected patients, provided patients are receiving
HAART for treatment of HIV infection. Most recently,
there is a growing body of data demonstrating favorable
efficacy and safety of entecavir in patients with decom-
pensated HBV liver disease.
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