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Fig. 2. Percentages of patients with ALT levei <1x upper limit of normal level
(ULN), <1-2x ULN, 2-5x ULN, and 5% ULN.

undetectable levels of HBV DNA at years 1 through 3, respec-
tively. None of the patients with genotype B at baseline were
HBeAg-positive at year 4. Among the patients with genotype C,
85% (246/288), 93% (201/217), 95% (125/132), and 95% (62/65)
had undetectable levels of HBV DNA at years 1 through 4, respec-
tively (Fig. 1B), and of these, 74% (116/156), 87% (102/117), 91%
(67/74), and 92% (35/38), respectively, were HBeAg-positive.

Factors associated with detectable levels of HBY DNA at years 1, 2,
and 3

Of the 402 patients, 353 had no detectable HBV DNA after 1 year.
At the start of treatment, factors associated with undetectable
levels of HBV DNA in the first year were age (>40 years,
p=0.047), cirrhosis (present, p=0.048), ALT (>5x ULN,
p=0.007), genotype (B, p =0.007), HBeAg (negative, p <0.001),
and HBV DNA level (<7.6logigcopies/ml, p <0.001), by univariate
analysis (Table 2). Multivariate analysis identified three parame-

A 100

1 2 3 4 5 8 7
Follow-up period (yr)

HBe seroconversion (%)
{42
(o3

1 2 3 4 5 6 7
Follow-up period (yr)

Fig. 3. Change of the HBeAg status during follow-up. Cumulative rates of (A)
HBe seroclearance and (B) HBe seroconversion in HBeAg-positive patients,
analyzed with the Kaplan-Meier test.
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ters, namely ALT (>5x ULN, OR=11.9; 95% Cl=3.3-41.7,
p<0.001), HBeAg (negative, OR=8.5; 95% (I1=23-31.2,
p=0.001), and HBV DNA level (<7.6log;o copies/ml, OR=10.0;
95% Cl =4.3-23.1, p <0.001).

Of 281 patients, HBV DNA was undetectable in 262 patients in
the second year, with univariate analysis identifying the follow-
ing associated factors: age (>40 years, p = 0.025), ALT (>5x ULN,
p=0.054), HBeAg (negative, p<0.001), and HBV DNA level
(<7.6log copies/ml, p<0.001). Of these, multivariate analysis
identified ALT (>5x ULN, OR=16.7; 95% Cl=2.0-136.8,
p =0.009) and HBV DNA level (£7.6log;o copies/ml, OR = 121.7;
95% Cl=15.3-965.9, p <0.001) as significant factors (Table 3).

Of 165 patients, HBV DNA was undetectable in 156 patients in
the third year, with univariate analysis identifying the following
associated factors at the start of treatment: Gender (male,
p=0.04), HBeAg (negative, p=0.002) and HBV DNA level
(<7.6log copies/ml, p<0.001). Multivariate analysis identified
only HBV DNA level as significant (<7.6logio copies/mi,
OR=15.8; 95% C1 =43.,1-79.9, p = 0.001).

Biochemical response

The percentages of patients with normal ALT levels (<1x ULN) at
years 1, 2, 3, 4 were 83% (336/403), 89% (251/281), 92% (151/
165), and 93% (68/73), respectively (Fig. 2). In HBeAg-positive
patients at baseline, those who achieved normal ALT levels at
years 1, 2, 3, 4 were 81% (148/183), 88% (116/132), 90% (76/
84), and 95% (39/41), respectively. The respective data for
HBeAg-negative patients at baseline were 85% (187/219), 91%
(134/148), 93% (74/80), and 91% (29/32).

HBeAg seroclearance and seroconversion

HBeAg positivity at baseline was detected in 222 patients (47%)
(Table 1), and Fig. 3A shows the cumulative clearance of HBeAg
calculated with the Kaplan-Meier method. The percentages of
patients with seroclearance were 16%, 24%, 37%, and 42% at years
1 through 4, respectively. Univariate analysis identified the fol-
lowing HBeAg seroclearance-associated factors at the start of
treatment: age (>40 years, p = 0.052), platelet count (<12 x 10%/
mm®, p=0.028), and HBV DNA (<7.0log copies/ml, p =0.006).
Multivariate analysis identified HBV DNA (<7log;o copies/ml,
RR=1.9; 95% CI = 1.2-3.1, p = 0.007) as the only significant deter-
minant of seroclearance. Of 70 patients who achieved anti-HBe
seroclearance, 52 patients achieved anti-HBe seroconversion.
Fig. 3B shows the cumulative seroconversion rate of HBeAg calcu-
lated by the Kaplan-Meier test. The proportions of patients who
showed seroconversion were 12%, 18%, 29%, and 38% at years 1
through 4, respectively. Univariate analysis demonstrated that
age (>40years, p=0.020), albumin (<3.5 g/dl, p=0.021) and
platelet count (<20 x 10%/mm?, p = 0.067) correlated with HBeAg
seroconversion at the start of treatment. Multivariate analysis
that included the above factors identified serum albumin as the
only significant determinant of seroconversion (<3.5g/dl,
RR=2.0; 95% CI=1.1-3.6, p = 0.019). One patient achieved anti-
HBe seroconversion at 25 months but became positive again at
28 months. Other patients who achieved anti-HBe seroconver-
sion did not show HBeAg reversion. One patient achieved
anti-HBe seroconversion but remained HBV DNA positive
(Table 4, Patient 5). Another patient remained positive for HBY
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Fig. 4. Cumulative rates of patients who showed resistance to therapy
analyzed with the Kaplan-Meier test. (A) Virologic breakthrough (VBT) and
(B) entecavir-resistance.

DNA after anti-HBe seroconversion. One patient became negative
for HBsAg at week 28.

Monitoring resistance to treatment

Five patients showed VBT during the treatment period, including
two patients (Patient 1 had been reported previously [13]) who
developed entecavir-resistant mutations. None of the five
patients had mutation(s) for entecavir at baseline. VBT was
defined as any increase in serum HBV DNA by >1log;q copies/
ml from nadir or redetection of serum HBV DNA at levels 10-fold
the lower limit of detection of the HBV DNA assay after having an
undetectable result. Table 4 shows the patient baseline demo-

Table 4. Characteristics of patients with virologic breakthrough.

graphics, HBV DNA levels, and viral resistance profiles. All
patients were positive for HBeAg and had serum levels of HBY
DNA >6logo copies/ml at baseline. The median period until the
appearance of the mutation was 120 (68-224) weeks. Two of
the 49 (4%) patients who had detectable HBV DNA at the end of
the first year subsequently developed resistance to entecavir.
Furthermore, 3 of 49 (6%) patients who had detectable HBV
DNA at the end of the first year developed VBT. Fig. 4A and B
show the cumulative percentages of VBT and entecavir-resistance
cases analyzed by the Kaplan-Meier test.

Discussion

Long-term data are rare for nucleoside-naive patients treated
continuously for more than 4 years with entecavir at the recom-
mended dose of 0.5 g daily. The only available data {6,8] were
generated from follow-up studies of two phase Ill registration tri-
als [3,4] in which patients showing complete response and non-
responders were taken off entecavir. In the rollover studies, ent-
ecavir was administered to these patients at 1~-mg dose at varying
periods after cessation of the initial treatment. This double dose
of entecavir was also given to patients showing a partial virolog-
ical response after 48-96 weeks of entecavir at 0.5 mg daily. The
present study has several unique features addressing specific and
unanswered questions about entecavir treatment. It provided
long-term results with respect to antiviral potency, viral resis-
tance, and clinical safety for treatment-naive patients who were
treated continuously with entecavir at 0.5 mg daily for 4 years.
Specifically, we found excellent viral suppression with 96% of
patients achieving undetectable HBV DNA levels, only 1.1% (5/
475) chance of viral breakthrough, and no clinically serious side
effects after 4 years of treatment.

Genotype B was a significant factor associated with undetect-
able HBV DNA after the first year, although there were no signif-
icant differences after subsequent years. Previous studies showed
conflicting results on the effect of HBV genotype on the response
to lamivudine, with genotypes A, B, and C not affecting the
antiviral response to lamivudine [14-16]. However, we have pre-
viously found that 47%, 84%, and 76% of patients had undetect-
able HBV DNA after the third year among patients of genotype

Patient No. 1 2 3 4 5
Age (yr)/gender S 40M S 28M osaM o Bs1F - 64M
A{;{;&”E;'f“&{{é(;;&]{e'{Ké‘r'éb“y“””“ e o e e o e e e et L e it [
HBeAg status' + . + + +
HBY DNA (log,, copies/ml) >7.6 >7.6 7.2 7.2 6.2
HBV genotype CooHe A C C C
Viral load at maximum <2.6 <2.6 <2.6 3.1 <2.6
suppression (log,, copies/ml)
Time of detection of mutation (wk) = 83 224 120 63 145
HBV DNA (log,, copies/mi), 6.8 7.2 7.1 7.6 7.8
maximum
Mutational pattern L180M+/S202G+/ L180M+/T1841+/  L180M+/M204V, A181T A1818+/T184A+/
- M204vV . - oo 8202G+M204V - L180M+/M2041 o M2041 ’
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A, B, and C, respectively [17,18]. The difference among these
groups was probably due to the younger age of patients of geno-
type A and that they were often positive for HBeAg compared to
those of genotype B or C. However, the genotype was not a signif-
icant predictor of HBV DNA loss after >2 years of entecavir ther-
apy in the present study. There was also no difference in HBeAg
seronegativity with entecavir among patients infected with geno-
type A, B, or C virus. These results were consistent with studies on
lamivudine therapy [14,18].

In this study, HBeAg positivity was a significant factor associ-
ated with detectable HBV DNA at years 1 through 3, and these
results were consistent with those reported by Zoutendijk et al.
[10]. In addition, lower HBV DNA and HBeAg negativity at base-
line were associated with enhanced response to lamivudine ther-
apy [18-20]. We have also previously reported that lamivudine
induced a better response in HBeAg-negative patients with
higher levels of serum ALT [17]. The most important factor of
long-term entecavir therapy therefore was low HBV DNA level.

Low HBV DNA level at baseline correlated significantly with
HBeAg seroclearance, but not with seroconversion. One of the
reasons was that patients who showed HBeAg seroclearance
but no seroconversion had lower HBV DNA (median; 6.710g0
copies/il) at baseline compared to patients with seroconversion
(median; 7.5log;q copies/ml, p =0.005).

Univariate analysis showed that age (>40 years), serum albu-
min level (<3.5 g/dl), and platelet count (<20 x 10*/mm?) corre-
lated with HBeAg seroconversion rate. We also investigated the
correlation between serum albumin and other factors. Serum
albumin level correlated significantly with age (r=-0378,
n=216, p<0.001), platelet count (r=0.262, n=215, p <0.001),
AFP (r=-0.372, n = 161, p <0.001), cirrhosis (P <0.001) and male
sex (p'=0.004). Multivariate analysis identified low serum albu-
min level (<3.5) as the only significant determinant of HBeAg
seroconversion. In this regard, Chien et al {21] reported that
pre-treatment ALT was the only significant determinant of HBeAg
seroconversion during lamivudine therapy. The reasons for the
different findings are probably related to the study design. In
our study, the age of patients at baseline was higher (47 vs.
32 years) and the duration of treatment was longer (2.4 [median]
vs. 1 year) than in the study of Chien et al. [21]. Furthermore, dif-
ferences in the pharmacodynamics of lamivudine and entecavir
could also contribute to the observed differences between the
two studies.

On the other hand, resistant mutants and breakthrough hepa-
titis seemed to be less frequent during long-term therapy with
entecavir than with lamivudine [16-19], indicating that entecavir
is better than lamivudine for long-term treatment of CHB and cir-
rhosis patients. Tenney et al. [6] reported that 9 out of 663 (1.4%)
patients had baseline lamivudine-resistant mutations, and other
studies also found only small numbers of preexisting lamivu-
dine-resistant mutations in treatment-naive patients [22-24]. It
is known that the HBV rtM204V (usually with concomitant
rt180M) mutation often acquires one of the entecavir signature
mutations at rt184, rt202, or rt250 over long-term treatments
and patients develop clinical HBV DNA breakthroughs. Although
in vitro studies showed that rt204] mutations with or without
rt180M conferred 3- to 21-fold decrease in entecavir susceptibil-
ity [25], in clinical practice, patients with rt204l mutations, even
with the entecavir signature mutations, have lower levels of phe-
notypic resistance to entecavir and can often achieve undetect-
able HBV DNA levels [6,9,26]. Interestingly, there were three
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patients in the present study with VBT who had no HBV DNA
mutations at rt184, rt202, or rt250 with rt180M and 204V (ent-
ecavir-resistance). The rtM204V/l mutation, lamivudine’s signa-
ture mutation, is necessary but not sufficient for entecavir-
resistance, causing an 8- to 10-fold decrease in susceptibility to
entecavir compared with wild-type HBV. Other mutations at
positions rtT184, rtS202, and rtM250 confer additional decreases
in entecavir susceptibility {25,27,28]. In the present study, two
patients (Patients #3 and 5) with mutations at position
rtM204V/[1, without rtT184, rtS202, or rtM250 mutations, showed
emergence of VBT, as did one patient (Patient #4) with an
rtA181T mutation, which was first reported in a LAM-treated
patient [29]. Although the rtA181T mutation is related to resis-
tance to adefovir dipivoxil, this mutation has not been linked to
additional decreases in entecavir susceptibility. Future in vitro
analyses using replication-competent HBV clones in patients
with rtA181T mutations are therefore necessary.

In conclusion, long-term treatment of treatment-naive CHB
patients with 0.5 mg/day entecavir for 4 years suppressed HBV
DNA to undetectable levels in more than 90% of patients, regard-
less of HBeAg status and genotype. Moreover, the drug was very
safe and rarely induced resistance mutations. Further studies
exploring the therapeutic efficacy over longer durations may be
necessary to confirm these findings.
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Abstract

Background Severe acute exacerbation of chronic hepa-
titis B can sometimes occur and lead to hepatic failure and
death. The objective of this study was to elucidate the
predictors of progression to hepatic decompensation during
severe acute exacerbation.

Methods We prospectively analyzed 37 consecutive
patients with acute exacerbation of chronic hepatitis B
(accompanied by jaundice and coagulopathy) for clinical
outcome and factors that influenced the development of
severe acute exacerbation, including viral kinetics.
Results Fourteen (37.8%) patients progressed to severe
acute exacerbation (accompanied by encephalopathy).
Multivariate analysis identified serum bilirubin (>5 mg/dl,
P =0.002) as a significant determinant of progression
to hepatic failure and prothrombin activity (<45%,
P = 0.028) and as a determinant of liver-related death. The
hepatitis B virus (HBV) DNA level before therapy was
measured in 25 patients. HBV DNA levels increased or did
not change from before commencement of treatment in all 11
patients who progressed to severe acute exacerbation. On the
other hand, HBV DNA levels did not change or increased in 8
of 14 patients (57%) with acute exacerbation (P = 0.02).
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Conclusions Serum bilirubin and prothrombin activities
were significant predictors of clinical outcome in patients
with severe acute exacerbation of chronic hepatitis B. Viral
kinetics until commencement of therapy can predict the
severity of acute exacerbation of chronic hepatitis B.
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Abbreviations
AE Acute exacerbation
ALT Alanine aminotransferase

BCP Basal core promoter
CS Corticosteroid

HBV  Hepatitis B virus

IFN Interferon

LMV  Lamivudine

NA Nucleos(t)ide analogue
PC Pre-core

PT Prothrombin activity
SAE Severe acute exacerbation
Introduction

More than 3 billion people worldwide and approximately
1.5 million people in Japan are chronically infected with
hepatitis B virus (HBV), and chronic HBV infection is one
of the most common causes of chronic hepatic failure and
hepatocellular carcinoma (HCC) {1, 2]. Other complica-
tions of HBV infection include fulminant hepatitis anc
acute liver failure [3, 4]. Acute exacerbation (AE) in HBV
carriers occurs either through a natural course [5, 6] o1
following intensive chemotherapy or immunosuppressive
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therapy (7, 8]. Some abrupt flares may be so severe that
decompensation or even fulminant hepatic failure may
occur {9-11]. Previous studies have identified pre-existing
cirrhosis, high serum bilirubin levels, prolonged prothrom-
bin time, pre-core/core promoter mutants, and high HBV
DNA levels as factors associated with hepatic decompen-
sation during AE in HBV carriers, though little is known
about the predictive factors [9, 12, 13].

Liver transplantation is suitable therapy for acute
hepatic failure, but the rate of liver transplantation has
remained about 20% in Japan, where living donor liver
transplantation is dominant {14, 15]. Thus, it is necessary to
establish other effective therapies for patients with AE
apart from liver transplantation. Steroids can rapidly inhibit
excessive immune response and inflammatory reactions,
and have been reported to be effective in cases of severe
and potentially life-threatening exacerbation of chronic
HBV (CHB) infection [16]. With the advent of oral
nucleos(t)ide analogues (NAs), most guidelines recom-
mend NAs for patients with AE of CHB infection [17-19],
and several observational studies reported the use of NAs
[9-11, 20, 21]. Timely use of potent anti-HBV agents, such
as NAs, interferon (IFN), and steroids [22], during and/or
after the development of hepatic decompensation could be
potentially effective against various host- and virus-related
factors. '

The aim of the present study was to investigate the
factor(s) that influence the rapid development of hepatic
decompensation during AE of CHB.

Materials and Methods
Patients

The study subjects were patients with AE admitted to the
Department of Hepatology, Toranomon Hospital, Tokyo,
between 1984 and 2010. All patients were either followed
up at our hospital with clinicopathologically proven CHB
infection or were new patients with sudden-onset hepatic
flares who visited our hospital outpatient clinic or were
referred to our hospital from other clinics/hospitals. The
diagnosis of CHB carrier state was established based on
either positivity for hepatitis B surface antigen (HBsAg)
for at least 6 months prior to the development of AE, or the
presence of a high titer of anti-hepatitis B core antibodies
(anti-HBcAb), together with negativity or a low titer of
IgM anti-HBcAb. Chronic hepatitis and cirrhosis were
confirmed by laparoscopy, needle biopsy, or ultrasonog-
raphy, or treatment for these conditions for 1 year before
the development of AE. AE of CHB infection was diag-
nosed by the following criteria: (1) an abrupt increase in
serum alanine aminotransferase (ALT) levels to >300 1U/1

in patients with original ALT levels of less than 5x the
upper limit of normal or an abrupt two-fold increase in the
serum ALT level to greater than 5x the upper limit of
normal, (2) hyperbilirubinemia [serum bilirubin (Bil)
>3.0 mg/dl], (3) evidence of coagulopathy with plasma
prothrombin activity (PT) of <60% during the clinical
course, and (4) lack of encephalopathy at admission. We
also applied the following exclusion criteria: (1) the pres-
ence of viral markers other than HBV (hepatitis A, C, D, E,
Epstein-Barr virus, cytomegalovirus, herpes simplex virus),
(2) HBV reactivation induced by immunomodulators or
chemo-/immunosuppressive therapy, (3) asymptomatic
HBYV carriers, (4) recent exposure to drugs and chemical
agents as well as recent heavy alcohol intake, (5) break-
through hepatitis caused by NAs, (6) evidence of decom-
pensated liver disease before the onset of exacerbation as
characterized previously, (7) HCC diagnosed by ultraso-
nography or computed tomography, and (8) coexistence of
other serious medical conditions and other liver diseases, or
metabolic diseases. Progression to severe acute exacerba-
tion (SAE) was diagnosed by the development of hepatic
encephalopathy of more than grade 2 within 8 weeks of
onset associated with coagulopathy (PT <40%).

HBV DNA levels were measured serially to investigate
the effects of HBV kinetics on the prognosis of patients
with severe AE. HBV DNA levels were measured before
treatment in 25 patients. “Before treatment” represented
1-8 weeks before commencement of treatment. HBV DNA
levels were also measured after treatment in 27 patients.
“After treatment” was defined as 2 weeks after com-
mencement of therapy. Viral kinetics was assessed using
the same assay in all individuals. The Local Ethics Com-
mittee of Toranomon Hospital approved the study, and
informed consent was obtained from all patients.

Virological markers

Serial blood samples were obtained during the clinical
course of AE and stored at —80°C until used for HBV
molecular analysis. Serological tests for HBsAg, HBsAD,
hepatitis e antigen (HBeAg), IgM anti-HBcADb, total anti-
HBcADb, and anti-HBeAb were conducted using radioim-
munoassay kits (Abbot Diagnostics, Chicago, IL, USA)
according to the instructions provided by the manufacturer.
Precore (PC) mutations were analyzed by PCR enzyme-
linked mini-sequence assay (Roche Diagnostics, Tokyo,
Japan), and basal core promoter (BCP) mutations were
analyzed by PCR specific probe assay (Roche Diagnostics,
Tokyo, Japan). HBV DNA was measured by Amplicor
monitor assay (dynamic range 2.6-7.6 log copies/ml,
Roche Diagnostics, Tokyo, Japan), COBAS TagMan v.2.0
(dynamic range 2.1-9.0 log copies/ml, Roche Diagnostics),
transcription-mediated amplification and hybridization
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protect assay (TMA-HPA) (dynamic range 3.7-8.7 LGE/
ml, Chugai Diagnostics Science Co., Tokyo) or sandwich
hybridization assay with signal amplification using bran-
ched DNA (bDNA, dynamic range 0.7-3800 Meg/ml). The
major genotype of HBV was determined using enzyme-
linked immunosorbent assay (ELISA, Institute of Immu-
nology, Tokyo, Japan) or PCR-invader assay (BML, Inc,
Tokyo, Japan) based on the methods described previously
[23, 24]. HBVDNA levels assessed by bDNA were
re-measured by TagMan PCR assay using stored serum
samples.

Statistical analysis

Continuous variables were expressed as median (range),
and compared by Mann~Whitney U test. Categorical
variables were compared by x” test or Fisher’s exact test, as
appropriate. Univariate analysis was applied to determine
the relationship between SAE and each of the following
factors: sex, age, presence of compensated cirrhosis, and
various biological and virological markers as measured at
baseline (bilirubin, PT, ALT, albumin, HBeAg, HBV
DNA, and HBV genotype, PC and BCP mutations). Each
continuous variable was transformed into two categories
based on the value with the largest capacity to discriminate
between patients for univariate and multivariate analyses.
Factors that correlated significantly with SAE were entered
into multiple lbgistic regression analysis, and the odds ratio
(OR) with 95% confidence intervals (95% CI) were
determined. All analyses were performed using The Sta-
tistical Package for Social Sciences (SPSS II v. 11.0,
Chicago, IL, USA), and statistical significance was taken as
a two-sided P value <0.05.

Results
Clinical features of severe acute exacerbation

A total of 37 patients (30 men and 7 women) fulfilled the
criteria of AE and were included in this study. The baseline
characteristics at the commencement of therapy of these 37
patients are shown in Table 1. Twenty-two patients were
observed at our hospital, and 15 patients were referred from
another hospital after the onset of hepatic flares. The
majority of patients had genotype C, and 27 patients
(72.9%) were HBeAg positive. The PC and BCP mutations
were determined in 27 patients; 22 patients had mutations
in the PC region, 16 patients had mutations in the BCP
region, and 12 patients had mutations in both the PC and
BCP regions. During the clinical course, the peak median
values were: ALT 713 IU/l (range 307-2857), bilirubin
8.4 mg/dl (3.0-51.4), and PT 47.6% (12.0-60.0).
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Table 1 Baseline characteristics of the 37 patients infected with
HBYV who developed severe acute exacerbation at the commencement
of therapy

Number 37

Sex (male/female) 3017

Age (years) 45 (23-63)
Family history (yes/no) 21/16

Cirrhosis (present/absent) 7130
Albumin (g/dl) 3.4 (2.5-4.6)
Bilirubin (mg/dl) 4.7 (1.0-30.7)

AST (IUM) 601 (64-2593)
ALT (1UM) 657 (124-2142)
LDH IU/1) 297 (106-594)

Platelets (x 10*/mm>)
o-Fetoprotein (plg/ml)

12.3 (6.2-32.0)
62.0 (3.0-1600)

Prothrombin activity (%) 53 (26-80)
Genotype (A/B/C) 0/5/32
HBeAg (positive/negative) 27/10
HBV-DNA (log;, copies/ml) 8.5 (6.8-8.9)
PC (wild/mutant/ND) 5/22/1